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Abstract

This project examines the production and perception of the contrast between voiced 
and voiceless consonants in Russian. The detailed examination of speaker and 
listener behaviour in Russian extends knowledge of cross-linguistic variation 
possible in the temporal realisation of the contrast. A series of production 
measurements and perception experiments is described using as subjects native 
speakers resident in Moscow.

An acoustic and electrolaryngographic investigation of the temporal structure of 
intervocalic obstruents shows, firstly, that there is inter-speaker and intra-speaker 
variation in the duration and mode of vocal fold vibration during [+voice] 
obstruents, and, secondly, that Russian demonstrates the cross-linguistically 
frequent correlation between the [+/-voice] value of the obstruent and the temporal 
structure of the vowel and consonant sequence: vowels are longer before [4-voice] 
obstruents and the obstruent itself is shorter than [-voice] counterparts.

Investigation of the neutralisation of the contrast in word-final position shows that, 
contrary to evidence in some other languages, the contrast between underlying 
[4-voice] and [-voice] is not consistently maintained by any of the three temporal 
intervals examined: duration of the consonant, of the preceding vowel or of 
consonantal voicing. There is therefore little evidence that the parameters of 
consonant and vowel duration behave independently of vocal fold vibration in word- 
final position in Russian.

A series of experiments using edited speech investigated the perceptual value of the 
temporal differences found in production between intervocalic [4-voice] and [-voice] 
obstruents. The presence of closure voicing throughout the closure was found to be 
a cue which overrode all others. When the voicing cue was ambiguous, consonant 
and vowel duration functioned as secondary cues.

These results support a model where the temporal intervals are correlated with 
laryngeal behaviour and are examples of cross-linguistic universals rather than of 
language-specific implementation rules.
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Chapter 1: Introduction

This research is an exploration into the nature of the voicing contrast in Russian.
The aim of this investigation is to widen knowledge of the behaviour of the 
parameters involved in the contrast. The comparison of Russian with other 
languages, including English, contributes to the evidence concerning the variation 
possible across linguistic systems in the production and perception of the parameters 
involved in this contrast.

It is of course well known that the distinction between [+voice] and [-voice] 
categories involves a multiplicity of acoustic characteristics, both temporal and 
spectral, in addition to the presence or absence of vocal fold vibration itself. 
Amongst the characteristics found to be relevant in the production and perception of 
the contrast in English, in addition to the timing of consonantal voicing itself, are: 
the duration of the consonant and of the preceding vowel, known to be relevant 
since the early studies of Denes (1955) and Lisker (1957); the duration of the stop 
burst (Klatt 1975b; Crystal and House, 1988a), the direction of the FI transition and 
its frequency at the onset of voicing (for example. Cooper, Delattre, Liberman,
Borst and Gerstman, 1952; Liberman, Delattre and Cooper, 1958; Pant, 1970; 
Stevens and Klatt, 1974; Summerfield and Haggard, 1977; Benki, 2001) and at the 
offset (for example, Raphael, 1972); the fundamental frequency both preceding the 
consonant (House and Fairbanks, 1953; Castleman and Diehl, 1996) and at the onset 
of voicing after the consonant (House and Fairbanks, 1953; Haggard, Ambler and 
Callow, 1970; Massaro and Cohen, 1976; Haggard, Summerfield and Roberts, 1981; 
Whalen, Abramson, Lisker and Mody, 1990, 1993; Diehl and Molis, 1995; 
Castleman and Diehl, op. cit.)’, the intensity of stop bursts (Halle, Hughes and 
Radley, 1957); the intensity of frication (Balise and Diehl, 1994); and the 
diminution of high frequency energy in the preceding vowel (Halle et a l, 1957). 
Lisker (1986) catalogues sixteen acoustic cues which may signal the [+voice] or 
[-voice] category of an intervocalic obstruent, including in addition to the above the 
intensity of the glottal signal during the constriction and the voice onset time into 
the following vowel.

These characteristics have been found to be relevant in the voicing contrast in a 
wide range of languages. To take just a few examples, the Fo perturbations have 
been found also in German (Kohler, 1982); differences in the intensity of frication 
and bursts have been found in Dutch (Slis and Cohen, 1969a); and consonant and 
vowel durations in French (for example, Laeufer, 1992, 1996). The range of
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languages exhibiting the consonant and vowel effects is explored in more detail in 
Chapter 2 below.

Explanations for the cooccurrence of these characteristics have been given which lie 
in the functioning both of the speech production mechanism and the auditory 
perceptual mechanism. To take the speech production mechanism first, the 
fundamental frequency perturbations, for example, have been linked to 
physiological characteristics of the production of voicing during consonants. Halle 
and Stevens (1971) proposed that the lower fundamental frequency in vocalic 
portions adjacent to a voiced obstruent was caused by the slackness of the vocal 
folds required to facilitate voicing during that obstruent. Conversely, the higher 
fundamental frequency preceding and following a voiceless obstruent would be due 
to stiffness of the vocal folds which inhibit voicing. Alternative explanations 
explored, although not confirmed, by Ohala (1978) and Hombert, Ohala and Ewan 
(1979) involve larynx height: the slight larynx-lowering found for voiced stops 
(Riordan, 1980) leading to a lower vertical tension on the vocal folds and thus a 
lower Fo at the end of the preceding vowel and the start of the following one.

The other correlates of the voicing contrast listed above have also been modelled as 
results of the speech production mechanism. The attenuation of FI in vowel 
transitions preceding and following a voiceless consonant has been regarded as a 
matter of the timing of the laryngeal and supralaryngeal gestures (for example, 
Lisker and Abramson, 1964, 1967; Abramson, 1977). The greater high frequency 
energy in the stop bursts is also due to the timing of the glottal opening (Lisker and 
Abramson, 1964; Simon and Fourcin, 1978). Furthermore, Lisker and Abramson 
propose that “we can plausibly consider all the acoustic features, and the auditory 
phonetic ones as well, to be interrelated effects of a single underlying mechanism.” 
(1967, p 3; authors’ italics). The temporal correlates of consonant and vowel 
duration may be exceptions to this, however: Lisker noted in his 1972 paper that 
consonant and preceding vowel duration differences are less likely than the other 
correlates to be direct consequences of the glottal aperture. Abramson (1977) 
regarded it as still unproven whether consonant and vowel duration differences can 
also be explained by the laryngeal timing mechanism.

Accounts of vowel duration differences in terms of laryngeal adjustments for a 
following segment have been put forward by Halle and Stevens (1967, 1971), Klatt 
(1975b, 1976) and Lisker (1974). In Halle and Stevens’ model, vocal fold vibration 
is maintained during a supralaryngeal constriction with a laryngeal setting which 
differs from that for the preceding vowel. The time required for the adjustment from 
one laryngeal setting to the next may account for the longer duration before a voiced
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obstruent. The model has been criticised for predicting a greater vowel duration 
before voiced obstruents, for which such an adjustment would be necessary, than 
before voiced nasals, for which an adjustment would not be necessary (Lisker,
1974). Vowel durations in these two contexts are reported to be similar, however 
(Peterson and Lehiste, 1960).

Klatt (1976) refers to a “natural tendency” (Klatt, 1976: 1214) to make the laryngeal 
devoicing gesture for a voiceless consonant earlier than the supraglottal closing 
gesture in order to avoid voicing continuing into the closure (and thus generating a 
strong cue for [+voice]). This early abduction of the vocal folds would account for a 
shorter duration of voicing during the articulatory gesture for a vowel, and for the 
truncation of vowel transitions before voiceless consonants. It does not, however, 
predict an earlier supraglottal gesture for [-voice] obstruents than for [+voice] ones.

Lisker (1974), however, argues that the laryngeal devoicing gesture for voiceless 
stops (the abduction of the arytenoid cartilages) may determine the timing of the 
articulatory gesture. Under this model the supraglottal closure for voiceless 
consonants occurs earlier than that for voiced consonants in order to prevent a 
period of aspiration between the vowel and the consonant, thus producing a shorter 
vowel. However, in their study of the glottal waveform and oral airflow in both 
English and other languages, Ni Chasaide and Gobi (1993) show that for some 
English speakers the laryngeal abduction gesture occurs well before the oral closure 
for a /p/, with a period of breathy voice before the stop closure. This would indicate 
that such a period with an open or opening glottis is not in fact always avoided.

An alternative explanatory model proposed to account for the coherence of the 
multiplicity of characteristics, including consonant and vowel duration, is that of 
“force of articulation” (Malécot, 1979: 1588), “articulatory effort” (Slis, 1971: 171) 
or “articulatory power” (Kohler, 1984: 154). Jones (1967) refers to voiceless 
consonants in English being produced with stronger “breath force” (1962: 46 
(footnote 1)). Malécot (Malécot, 1966a, b, 1968, 1969, 1970) defines force of 
articulation as “a mistaken proprioceptive impression based primarily on intrabuccal 
air pressures” (1970: 1588), and interprets the shorter vowel duration before a fortis 
consonant as a result of anticipation of the force of articulation of the consonant, a 
view given earlier by Belasco (1953) and Delattre (1962). Such an explanation has 
been criticised (by, for example, Lisker, 1974) for not accounting for why such an 
anticipatory effect should occur.

In the model proposed by Slis (Slis, 1971, 1975; Slis and Cohen, 1969a, b), there is 
a greater articulatory effort in all muscles for fortis consonants which leads to a
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faster and earlier supraglottal closing gesture, leading to a shorter vowel and longer 
consonant. Absence of voicing is achieved by both a glottal opening gesture and by 
tension of the vocal folds. Kohler (Kohler, 1980, 1984) presents a similar 
explanation of consonant and vowel differences: the greater articulatory power of 
fortis stops is realised by more extensive and faster movements of the articulators, 
leading to a faster closing movement and slower release, and thus to a shorter vowel 
and longer stop closure. In this model, voicing during lenis stops may be optional in 
languages such as English, occurring only when the aerodynamic conditions allow 
it, but “must be guaranteed” (1984:162) in Slavonic languages, amongst others, by 
active enlargement of the supraglottal cavity by the speaker.

An explicit separation of the presence or absence of vocal fold vibration from the 
other characteristics listed at the start of this chapter was made also by Jakobson, 
Fant and Halle in Preliminaries to Speech Analysis (1952)\ Here a distinction was 
made between the feature oppositions of voiced versus voiceless, the physical 
attribute of which was the presence or absence of a harmonic sound source, and 
tense versus lax, physical attributes of which were greater consonantal duration and 
a higher level of acoustic energy. In their model, the opposition in English (and also 
in French) between the /b d g/ and the /p t k/ series is one of lax versus tense, with 
voicing not always being present in the former. In Slavonic languages, in contrast, it 
is the voiced/voiceless opposition which is basic, the opposition between tense and 
lax being only optional.

In these various models the consonant and vowel duration differences arise from the 
speech production mechanism. In some (Lisker, 1974; Klatt, 1976; Halle and 
Stevens, 1971) they, along with other characteristics, are linked to the laryngeal 
mechanism and the production or absence of voicing, in others they are 
physiologically determined by factors other than phonetic voicing (Kohler, 1984; 
Jakobson, Fant and Halle, 1952). A universal tendency for the cooccurrence of the 
characteristics would thus be predicted; and the more cross-linguistic support there 
is for this coherence of characteristics, the stronger is the case for such models.

Explanations of the cooccurrence of the multiplicity of features associated with the 
voicing contrast in terms of the auditory perceptual mechanism have also been 
given. In their attempt to establish invariant acoustic correlates of phonetic features, 
Stevens and colleagues have proposed a property of low frequency periodicity 
(Stevens and Blumstein, 1981; Stevens, Keyser and Kawasaki, 1986). This property

‘ and in the supplement Tenseness and Laxness (1962)
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consists of low frequency spectral energy in a time window around the consonant 
release, and includes not only the glottal pulsing during the constriction but also the 
low FI and low Fo at the onset of a following vowel. The duration of the consonant 
and preceding vowel are explicitly excluded from this integrated property; they are 
secondary features which, amongst other features such as [+spread glottis], enhance 
the basic acoustic correlate. Thus a shorter vowel and longer (voiceless) consonant 
will enhance the perception of voicelessness by decreasing the proportion of the 
sequence which contains low frequency periodicity. Such enhancement is optional, 
however: the patterns are available to languages and will be the same in those which 
use them, but do not necessarily accompany the voicing contrast.

The theory of auditory enhancement is taken further by Kingston, Diehl, Kluender 
and colleagues (Parker, Diehl and Kluender, 1986; Kluender, Diehl and Wright, 
1988; Kingston and Diehl, 1994, 1995). Under this view, the presence of one feature 
will increase the perceptual effect of another. For example, a shorter vowel 
enhances a longer consonant duration as a cue to a [-voice] consonant, by an 
auditory contrast effect. Such effects are a property of the auditory perceptual 
mechanism, as, it is claimed, they apply to non-speech as well as speech (although 
Fowler, 1992, was unable to replicate the results). In addition, the presence of 
consonantal voicing leads to a perception that the consonantal closure is shorter, 
thus enhancing the perceived consonant-to-vowel ratio appropriate to a [4-voice] 
consonant. Such correlates are therefore common across languages because 
“language communities tend to select cues that have mutually reinforcing auditory 
effects” (Kluender, Diehl and Wright, 1988:165).

These theories of auditory enhancement predict that the pattern of cooccurrence of 
these characteristics is universal in that the same pattern will be found in a wide 
range of languages, although not every characteristic will necessarily be found in 
every language. For both these models, which account for the multiplicity of 
characteristics in terms of the functioning of the auditory perception mechanism, 
and those theories which model them as physiologically conditioned by the speech 
production mechanism, the larger the number of languages in which a coincidence 
of characteristics is found, the stronger they are supported.

There is a wide range of languages in which these characteristics do cooccur, as 
discussed with relation to consonant and vowel durations in more detail in the 
following chapter. Moreover, they pattern in the same way in each language: not 
only is vowel duration, for example, a correlate of the voicing contrast in a large 
number of languages, but it is always shorter before the [-voice] consonants. It is 
unlikely that such patterning is random, therefore.
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However, there are exceptions to the cooccurrence of these characteristics. Thus in 
Polish and Czech no vowel duration effect has been found; and in Arabic evidence 
is weak that there is a vowel or a consonant effect. Such negative evidence lends 
support to a model where a particular language may or may not implement a 
phonetic pattern, and such patterns form part of the linguistic knowledge of the 
speaker (Keating, 1984, 1985). The absence of a vowel length effect in some 
languages led Keating to conclude that “each language must specify its own 
phonetic facts by rule” (1985: 123). The greater the cross-linguistic variation is as to 
whether two characteristics, such as vocal fold vibration during a consonant and a 
longer preceding vowel, cooccur, the stronger is the case for such language-specific 
rules.

Extending the cross-linguistic evidence to Russian therefore further explores the 
universality of these characteristics. This study investigates whether the two 
characteristics of consonant duration and preceding vowel duration are correlates of 
the voicing contrast in Russian. The body of evidence from other languages would 
predict that they are; but negative evidence from two other Slavonic languages 
regarding vowel duration suggest that they may not be. As discussed above, 
Jakobson Fant and Halle claim that in Slavonic languages the tense/lax 
characteristics, which include the duration of the consonant, may be optional, 
compared to the basic acoustic correlate of glottal pulsing during the consonant. 
Similarly, Kohler claims that in Slavonic languages speakers actively maintain the 
consonantal voicing, with consonant and vowel differences being less important 
both in production and in perception:

“In these [Slavonic and other] languages voicing must be guaranteed in the
lenis element; it is an essential signal feature in production and perception
and receives a greater weight than the articulatory timing differences”

(Kohler 1984:162)

In terms of the production of the contrast, this may be interpreted as being less 
consistent or smaller in degree.

In order to establish whether this is the case for Russian, the study will cover not 
only consonant and vowel duration but also the production of vocal fold vibration, 
with the aim of answering the question whether consonantal voicing is a basic and 
consistent correlate of the contrast.

The degree of difference in consonant and vowel duration will be considered also: 
there is evidence of variation in the degree to which vowel duration may distinguish 
voiced and voiceless categories across languages, with English showing a larger
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effect than many other languages. A common view (for example, Chen, 1970;
Mack, 1982) is that this greater effect is evidence that English has exploited a 
physical correlate as a linguistic rule.

Cross-linguistic comparisons thus help to clarify the nature of the connections 
between the group of parameters associated with voicing contrasts. A second 
method of investigating which characteristics may behave independently of others is 
to examine language-internal evidence. One type of evidence is historical change: 
thus the Fo perturbations described above which follow [+voice] and [-voice] have 
been claimed as the source of tone series in languages such as Cantonese in theories 
of tonogenesis (Hombert, 1978; Hombert et a l, 1979; Henderson, 1982). Thus, 
under this interpretation, an accompanying characteristic of the production of voiced 
and voiceless consonants has become independent of the original conditioning 
factor. A second type of language-internal evidence is the synchronic structure of a 
language. For example, in Korean, where the presence of voicing is not a basic 
correlate of any of the three stop series (lenis, fortis and aspirated), there are 
differences between the lenis and the other stop series in Fo perturbations (Cho, Jun 
and Ladefoged, 2002), and between all three series in stop closure durations (Cho 
and Keating, 2001).

The type of language-internal evidence of particular interest here is that of 
phonological rules which neutralise the voicing contrast: for example, voicing 
assimilation, word-final devoicing and medial flapping. It is implicit in a 
phonological rule which states that the contrast between the two categories of 
consonant is neutralised that all other parameters in addition to differences in vocal 
fold vibration are neutralised also. If, however, one or more parameters maintain a 
contrast between the two categories of consonant in the absence of a difference in 
vocal fold vibration, it could be concluded that these parameters can be independent 
of vocal fold vibration, as well as of other parameters also neutralised. Conversely, a 
model where the parameters are physically determined by the presence or absence 
of vocal fold vibration would predict that these parameters would also be 
neutralised.

An example of such neutralisation is the devoicing of [+voice] obstruents in 
Russian, where the contrast between underlying [4-voice] and [-voice] obstruents is 
generally taken to be neutralised. There is evidence from final devoicing in 
languages such as Polish, German and Catalan (discussed in more detail in Chapter 
2) that one or more of the three parameters investigated in this study, the duration of 
consonantal voicing, of the consonant and of the preceding vowel, may maintain the 
contrast where it is generally taken to be neutralised. This study addresses the issue

21



of whether any of these temporal parameters also maintain the contrast in Russian in 
word-final position.

The examination of the production of the voicing contrast (in non-neutralising 
position) aims to establish whether all of the three parameters under scrutiny -  the 
duration of vocal fold vibration, the duration of the consonant and of the preceding 
vowel -  differentiate [4-voice] and [-voice] consonants. In order to ascertain the 
communicative function of differences found, a study of the perceptual relevance of 
these characteristics will be carried out. Previous research (Chen, 1970) has 
suggested that the small differences in vowel duration found in languages such as 
Korean may not be perceptible, with the larger differences found in English being 
necessary for the parameter to function as a perceptual cue. If there are differences 
in consonant and vowel duration found in production which are smaller than those 
found in English, the first question to be addressed is whether these differences can 
function as perceptual cues. An additional issue addressed is the relative importance 
of these cues and the cue of consonantal voicing: if they are relevant in the 
perception of the contrast, are they, as Kohler predicts, of less “weight” than the 
consonant voicing cue?

The first part of this study is a detailed examination of the production of the voicing 
contrast in intervocalic position in Russian. The first principal hypothesis is that the 
presence or absence of vocal fold vibration during the stop or fricative will 
distinguish [4-voice] and [-voice] obstruents in a non-neutralising position. A 
secondary hypothesis which will be tested is that speakers consistently maintain full 
voicing throughout the consonant.

The second principal hypothesis is that [4-voice] obstruents are shorter than their 
[-voice] counterparts and the preceding vowel longer. A secondary hypothesis is 
that any effect found on consonant or vowel duration will be similar in degree to 
that found in many other languages, but the vowel duration effect will be less than 
that in English.

The third principal hypothesis is that one or more of these temporal parameters -  the 
duration of consonantal voicing, of the consonant and of the preceding vowel -  
maintain a contrast in word-final position where the voicing contrast is generally 
taken to be neutralised.

The second major part of the study is a series of perceptual experiments conducted 
to test whether the parameters found to be relevant in the production of the contrast
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in intervocalic position can function as perceptual cues in Russian; and if more than 
one functions as a cue, whether they are of equal perceptual weight. The first 
hypothesis in these experiments is that the presence of full closure voicing would be 
a sufficient cue to a [+voice] percept. The further hypotheses tested are that 
consonant duration and vowel duration would function as additional cues to the 
contrast.

The investigation aims to establish whether the example of the voicing contrast in 
Russian gives support for a universal interdependency of these features in 
production, or whether one or more may be independent of the others and the 
behaviour of the three features is language-specific. It will aim to establish also 
whether all these features can contribute towards the perception of the contrast, or 
whether consonant and vowel duration differences are small temporal perturbations 
arising from the speech production mechanism but with no communicative function.
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Chapter 2: Literature review

This chapter explores the implementation of the voicing contrast in production and 
perception. Evidence of the relevance of the temporal correlates of consonant and 
preceding vowel duration is discussed, and possible differences between languages 
is investigated. Section 2.1 firstly outlines laryngeal and supralaryngeal 
configurations during the production of voiced and voiceless consonants, and 
secondly consonant and vowel duration in the production of the contrast in a range 
of languages.

Section 2.2 discusses the contribution of the three parameters, consonantal voicing, 
consonant and vowel duration, to the perception of the contrast in English and in 
other languages. Evidence for the relevance of these temporal parameters in the 
maintenance of a contrast in neutralising positions is discussed in section 2.3. 
Section 4 outlines the phonological structure of Russian with regard to the voicing 
contrast, and discusses the phonetic implementation of the contrast.

Lastly, section 2.5 summarises the aims of the study and the questions which will be 
investigated.

2.1 PRODUCTION

2.1.1 The production of voicing

This section examines the production of vocal fold vibration and the maintenance of 
voicing during a voiced obstruent. Factors, including the temporal structure of 
consonants, which may affect the duration of vocal fold vibration during voiced 
obstruents are examined.

2.1.1.1 THE PRODUCTION OF VOCAL FOLD VIBRATION

The vibratory pattern of the vocal folds during modal voice production can be 
described briefly as follows (van den Berg, 1958; Hirano, 1981; Fourcin, 1981, 

1986). Contact between the two vocal folds occurs first at the lower edge, following 
which there is a rapid closing movement upwards due to the Bernoulli effect, up to 
the point of maximum contact along the depth of the vocal folds. Opening starts 
again from the lower edge towards the upper edge, and the vocal folds separate. In
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addition to this phase difference vertically along the mid-sagittal plane, high-speed 
filming has shown that there is also a phase difference horizontally along this plane 
(van den Berg; Baer, Lofqvist and McGarr, 1983; Childers, Hicks, Moore and 
Alsaka, 1986).

Vibration of the vocal folds has been understood to take place, according to the 
myoelastic-aerodynamic model, if the following two conditions are satisfied (van 
den Berg, 1958; Rothenberg, 1968): firstly, the vocal folds are in close 
approximation and, secondly, there is a sufficient transglottal air flow (Westbury 

(1983) calculates the necessary pressure drop to be 2000 dyn/cm^).

Laryngeal configurations for a voiceless obstruent

Lisker (1977) suggests that the lack of vocal fold vibration during a voiceless stop 
could be accounted for solely by the absence of such a transglottal pressure drop due 
to the stop constriction. However, there is evidence of an abduction gesture in the 
case of voiceless obstruents (both stops and fricatives) compared to an adduction 
gesture for their voiced counterparts. EMG investigations have shown the posterior 
cricoarytenoid (abductor) muscle activated during a voiceless stop or fricative and 
the interarytenoid (adductor) muscle suppressed during a voiceless stop or fricative; 
and the reverse in the case of voiced stops and fricatives (Hirose, Lisker and 
Abramson, 1972; Hirose and Gay, 1972, for American English; Hirose and 
Ushijima, 1978, for Japanese).

In addition, fibreoptic and EMG studies show a greater glottal opening, with the 
arytenoid cartilages apart, for voiceless consonants than surrounding vowels in, for 
example, English (Sawashima, Abramson, Cooper and Lisker, 1970; Hirose, 1977; 
Weismer, 1980) and Japanese (Sawashima and Hirose, 1983).

However, the presence of an abduction gesture for voiceless consonants has been 
challenged. Voiceless unaspirated stops may be produced with a narrowed glottis 
(Kim, 1970, in Korean; Dixit, 1989, in Hindi; Sawashima and Hirose, op. cit., in the 
case of a Japanese speaker). In Dutch, voiceless stops were found to have a smaller 
glottal width than voiceless fricatives (Collier, Lisker, Hirose and Ushijima, 1979). 
In addition, fibreoptic evidence shows some variation in glottal width in voiceless 
unaspirated stops in English (Sawashima, Abramson, Cooper and Lisker, 1970).

In addition, research involving the artificial reduction of intra-oral air pressure 
during the production of [-voice] stops suggest that the laryngeal configuration 
during a voiceless consonant may not always be inappropriate for voicing. Intra-oral
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air pressure is known to be higher in the case of voiceless than voiced consonants 
(Netsell, 1969), although Lisker (1970) presents evidence that there is considerable 
overlap in the values for voiced and voiceless consonants. There is evidence from 
Russian that when intra-oral air pressure during a voiceless stop is artificially 
reduced, voicing commences (Ventsov, 1968). Ventsov concludes from this that the 
laryngeal configuration during voiceless stops is appropriate for voicing.

Such evidence lends support to models of vocal fold vibration such as that proposed 
by Halle and Stevens (Halle and Stevens, 1971; Stevens, 1977), where the glottal 
width is constant in voiced and voiceless obstruents (excluding aspirated stops), the 
absence of voicing being determined by increased vocal fold tension. Voiceless 
stops and fricatives are produced with stiff vocal folds, thus preventing vocal fold 
vibration. Sawashima and Hirose {op. cit.) suggest that high cricothyroid activity 
may increase the tension of the vocal folds and thus contribute towards inhibiting 
voicing, but that evidence for this for English, French, Hindi and Danish remains 
inconclusive. The EMG studies by Hirose et al. (1972), Hirose and Gay (1972) and 
Collier et al. (1979), mentioned above, found no difference in vocal fold tension 
between voiced obstruents and their voiceless counterparts. However, a raised 
fundamental frequency following voiceless consonants (House and Fairbanks, 1953) 
has been used as evidence for the stiffness of the vocal folds (Stevens, 1977; 
Stevens, Blumstein, Glicksman, Burton and Kurowski, 1992).

Laryngeal and supralaryngeal configurations during voiced obstruents

The production of voicing during a supraglottal constriction places particular 
demands on the speech production mechanism. In the case of voiced stops, 
continued transglottal airflow will lead to an increase in intraoral air pressure 
(Netsell, 1969). If no changes were made to supralaryngeal or laryngeal 
configurations, this would result in vocal fold vibration continuing during a voiced 
stop for “not more than one or two such oscillations” (Rothenberg, 1968, p 91), two 
to four glottal pulses (Westbury, 1979), and 5-10 msec (Ohala and Riordan, 1979).

The simultaneous production of a fricative constriction and vocal fold vibration may 
not create the same problems associated with intra-oral air-pressure, due to the 
incompleteness of the constriction. The maintenance of voicing and of frication can 
be seen to place opposing requirements on the speech production mechanism, 
however. High oral pressure is needed for the production of friction (Stevens et al, 
1992). This pressure, however, has to be lower than the subglottal pressure in order 
to maintain voicing. There is thus still a conflict between possible high intra-oral
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pressure resulting from the production of the consonant and the production of 
voicing.

In the model of fricative production proposed by Stevens et a l, the size of the 
glottal area during the fricative can be manipulated by the speaker to favour either 
voicing or frication. A smaller glottal area would result in continuation of vocal fold 
vibration through the supralaryngeal constriction, with the amplitude of frication at 
a low level. Conversely, a larger glottal area would lead to a greater amplitude of 
frication noise, but with voicing at a lower level and then ceasing altogether.

As discussed below (section 2.1.1.2), this cessation of voicing during fricatives has 
been reported both by Stevens et a l and in other studies. Moreover, the pattern of 
voicing and frication is as predicted by this model: voicing at the margins of the 
fricative constriction and voiceless noise in the internal portions of the fricative.

In addition, earlier instrumental studies have shown partial opening of the glottis 
during [+voice] fricatives. EMG studies provide evidence for a less complete glottal 
gesture for voiced fricatives compared to other voiced sounds (Hirose and Gay, op. 
cit., in English; Collier et a l, op. cit., in Dutch). In addition, fibreoptic studies 
shows some variation in glottal width in the case of voiced fricatives in English 
(Lisker, Abramson, Cooper and Schvey, 1969; Sawashima, Abramson, Cooper and 
Lisker, 1970). Such partial opening occurs, according to Abramson (1977), “to 
allow eddies of turbulent air through, to make, as it were, a well-formed fricative.” 
(1977: 2.10).

Other manipulations of the laryngeal and supralaryngeal configurations have been 
proposed to account for the continuation of voicing during an obstruent constriction. 
A slackening of the vocal folds is proposed by Halle and Stevens (1971; Stevens, 
1977). This decrease in vocal fold tension would facilitate continued vibration when 
the transglottal pressure difference is small.

Changes to the shape of the supralaryngeal vocal tract have also been proposed 
(Rothenberg, 1968). Passive expansion of the supraglottal cavity due to compliance 
of the walls of the vocal tract has been found in the production of [4-voice] stops 
(Rothenberg, 1968; Ohala and Riordan, 1979). Rothenberg concludes that voicing 
can be maintained for at least 20-30 msec (longer for a bilabial closure) due to such 
passive expansion. Westbury (1983) calculates the figure to be approximately 60 
msec for bilabial stops.

Ohala and Riordan found that voicing can continue for on average 70 msec, 
depending on adjacent vowel quality and place of articulation (mean duration of
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voicing was 93 msec for Pol, 69 msec for /d/ and 54 msec for /g/). One explanation

of this variation would be the difference in the volume of the oral cavity, although 
Ohala and Riordan suggest the relevant variable is the difference in the area of 
compliant tissue involved.

The supraglottal cavity may be enlarged as a result of other strategies which have 
been interpreted as under the active control of the speaker (Rothenberg; Ohala and 
Riordan). Such strategies include expansion of the lower pharynx (Rothenberg, 
1968; Kent and Moll, 1969; Perkell, 1969; Westbury, 1983), larynx lowering 
(Westbury, 1983; Sawashima and Hirose, 1983) and downward movement of the 
tongue dorsum (Perkell, 1969; Westbury, 1983) and tip (Westbury).

Rothenberg also suggests incomplete velic closure as a strategy to reduce intra-oral 
air pressure. This was not found by Westbury in the case of either single voiced 
stops (1983) or clusters (1979) in English, although there is evidence for it in 
lengthened geminate bilabial [+voice] stops in Arabic (Hayward, 1990). Nasal air
flow has been found during [4-voice] stops produced by English speakers (Lubker, 
1973), although this is interpreted by the author to be the result of the upward 
movement of the velum (in closed position) rather than of velopharyngeal opening.

Although most of the studies described above concern stops, expansion of the 
supraglottal cavity has been found in the case of fricatives also (Perkell).

Such physiological complexities in the production of voiced obstruents have been 
linked (by, for example, Ohala, 1983) to the cross-linguistic markedness of voiced 
stops (Keating, Linker and Huffman, 1983; Maddieson, 1984) and voiced fricatives 
(Maddieson, 1984). Maddieson reports a higher percentage of languages having a 
voiceless stop series (91.8%) than a voiced series (66.9%). In addition, there is an 
implicational relationship between the two types of series: all languages with a 
voiced series of stops also have a voiceless one. Voiced fricatives are rarer than 
voiceless fricatives (with a ratio of 0.43), and, with some exceptions, there is an 
implicational relationship here also, the presence of a voiced fricative generally 
implying the presence of its voiceless counterpart. Balise and Diehl (1994) note that 
this cross-linguistic markedness applies to sibilant fricatives to a significantly 
greater extent than to non-sibilants. They suggest as an explanation for this that 
voiced sibilants have significantly less high-amplitude friction noise than voiceless 
sibilants, and as such are less perceptually distinct from other non-sibilant fricatives 
than their voiceless counterparts.
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Of more central concern to the present study is the fact that the conflicting 
physiological requirements outlined above may lead also to variation in the 
production of [+voice] obstruents in an individual language. The following section 
examines evidence of the cessation of voicing during the production of such 
obstruents.

2.1.1.2 PARTIAL DEVOICING OF [+VOICE] OBSTRUENTS

It is well known that [+voice] obstruents in English may not be produced with vocal 
fold vibration throughout the constriction. The absence of voice during word-initial 
[+voice] stops in the case of most speakers has been described in great detail 
elsewhere (for example, Lisker and Abramson, 1964). It is also well-known that 
word-final stops and fricatives in English may be produced with little or no voicing 
(for example, Walsh and Parker, 1981).

In this section I shall examine the evidence that vocal fold vibration may not be 
maintained during an intervocalic obstruent, where the presence of voicing is 
commonly taken as one of the distinguishing characteristics of [4-voice] obstruents, 
and which are therefore to this extent comparable to intervocalic [4-voice] obstruents 
in Russian.

Haggard (1978) found partial devoicing in intervocalic fricatives across a group of 
32 subjects. One factor affecting the incidence of partial devoicing was place of 

articulation: in intervocalic position before an unstressed vowel, /z/ and Z /̂ showed a

higher incidence (39% and 29%) than ZvZ (8 %) and ZôZ (18%). Stevens et a l found

22% of intervocalic ZzZ and ZvZ (combined) to be partially de voiced. Docherty (1992) 
reports a higher incidence (43%) for [4-voice] fricatives in word-final position before 
a vowel.

Partial devoicing has been found in the case of stops also. Lisker (1957) reports 
occasional voicing breaks in the case of intervocalic ZbZ. Kent and Moll (1969) 
found occasional breaks in voicing, as did Westbury (1979) (in 15 out of 432 stops 
produced by three speakers). In a later study, however, Westbury (1983) found no 
devoicing. Keating et a l (1983) also found medial stops in English to be typically 
fully voiced.

Other studies, however, have found a higher incidence of partial devoicing. Edwards 
(1981) found only 45% of voiced stops were voiced throughout the closure. 
Docherty (1992) found 46% of stops were not fully voiced (in word-final position 
with a vowel following), although there was considerable inter-speaker variation.
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Flege and Brown (1982a) found 82% of intervocalic Pol were fully voiced. There 
was evidence of complete devoicing also: 12% of Poi in one-word utterances showed 
no vocal fold vibration. This devoicing, both complete and partial, was dependent 
on two factors. The first was position in utterance, with a higher incidence of 
devoicing in utterance-final as compared to utterance-medial position. Secondly, 
individual speakers varied as to whether they showed devoicing at all, how high the 
overall incidence was (ranging from 0 % for one speaker to 80% for another) and 
whether the devoicing was restricted to utterance-final position or not.

Other studies also report inter-speaker variation (Lindsey, Davies and Fourcin,
1986; Kim, 1989). Such inter-speaker variation may well account for the variation 
between studies evident above.

There is some evidence of partial devoicing of [+voice] stops in languages other 
than English. In French, Fischer-Jprgensen (1972) found a 17% incidence of partial 

devoicing of /b d g/ in intervocalic accented position (word-initial after a

determiner). Some devoicing has been noted in Swedish (Lofqvist, 1975, 1976; 
Keating et a l, 1983): Lofqvist found voicing breaks in 10% of voiced stops. Flege 
and Port (1981) report that 89-94% of word-final (but not sentence-final) bilabial, 
dental and velar stops are produced with glottal pulsing during at least 50% of the 
closure interval in Arabic: by implication, at least 6 % were voiced for less than 50% 
of the closure, and other tokens may not be fully voiced.

The cessation in voicing during a [+voice] stop occurs (in the cases where the 
authors remark on this) towards the end of the closure, with the latter part up to the 
release remaining voiceless (Keating et a l, 1973; Fischer-Jprgensen, 1972; Lofqvist 
1976). This would support an account of the cessation of voicing in terms of 
equalisation of sub- and supra-glottal air pressure.

Such an account would also predict greater devoicing the further back the 
articulation was in the oral tract (Ohala, 1983). There is some evidence for this. 

Fischer-J0 rgensen found a lower incidence of devoicing of Poi than id! or /g/ in

French. In addition, in the studies mentioned above by Kent and Moll (1969) and 
Westbury (1979), where devoicing was rare, the occasional voicing breaks which 

did occur occurred mostly in the case of /g/. However, Keating et a l (1983) found

“proportionately less voicing” in the case of Poi than id! or /g/.

In view of the fact that intra-oral air pressure increases during the production of a 
voiced stop, it would be expected that stop duration would be a major factor in the
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incidence of partial devoicing: the longer the closure is held the more likely that 
vocal fold vibration will stop. Klatt (1975b), for example, states this in reference to 
the “prevoicing” of word-initial [+voice] stops in English. With regard to allophonic 
variation and diachronic change, Ohala states:

“the probability of a voiced stop remaining voiced (or a voiceless one
becoming voiced) depends in a major way on the duration of the stop
closure, a shorter duration allowing voicing to be maintained for all of, or a
majority of, the stop duration”

(Ohala 1983: 199).

This model would predict that, firstly, longer stops would tend to be partially 
devoiced, and, secondly, that there would be a tendency for a constant duration of 
voicing across different closure durations: the partially de voiced stops being those 
where the closure exceeded the time the speaker could maintain voicing.

There is no clear evidence of such a constant duration of voicing, however. Kim 
(1989) found that the duration of voicing in a partially devoiced stop was shorter 
than, rather than equal to, the duration during fully voiced stops. No constant 
duration of voicing was found either by Docherty, who found no negative 
correlation between the closure duration and the percentage of the closure which 
was voiced. The absence of a constant duration of voicing across various closure 
durations suggests that the effect of the closure duration is being overridden by other 
factors, for example by variation between utterances in the degree of supralaryngeal 
enlargement (section 2 .1.1.1 above).

An inter-study comparison does not show that longer stops show a higher incidence 
of devoicing: for example, Kent and Moll found a mean closure duration of 121 
msec but very little partial devoicing; Edwards found the mean duration of stop 
closures to be 96 msec but with a high incidence of partial devoicing. However, 
such comparisons mean little in view of other variables such as inter-speaker 
variation.

As the aerodynamic characteristics for voiced fricatives are rather different from 
voiced stops, one might not necessarily expect the same relationship between the 
duration of voicing and of the consonant. Haggard (1978) did find that fully voiced 
fricatives in English were shorter than their partially devoiced counterparts. There 
was, however, a negative correlation between the duration of a partially devoiced 
fricative and the duration of voicing during it: in other words, the longer the 
fricative the shorter the absolute duration of voicing. Haggard suggests this may be 
explained by either a difference in the degree of supraglottal constriction (a

31



narrower constriction leading to an earlier equalisation of air pressure and therefore 
an earlier cessation of voicing), or a difference in both the supraglottal and laryngeal 
constrictions.

In summary, there are aerodynamic and physiological reasons why devoicing may 
occur both in the case of both stops and fricatives. The duration of the constriction 
would be predicted to have an effect on the continuation of voicing, as would the 
degree of the glottal opening and of the supraglottal constriction in the case of 
fricatives.

2.1.2 Consonant duration

2.1.2.1 ENGLISH (BRITISH, AMERICAN)

Since Denes’ study on word-final fricatives in English, which found /s/ to be longer 
than /z/ (Denes, 1955), a large number of studies have found an effect of voicing on 
consonant duration. There is evidence, however, that this characteristic may not be 
consistently present across all positions in the word and utterance and in all speech 
styles.

The evidence in word-initial position is limited, possibly due to the obvious 
difficulty in measuring the duration of word-initial stop closures produced in 
isolation. As much of the evidence comes from studies of non-initial consonants, 
these will be examined first (sections 2 .1 .2 .1.1 and 2 .1 .2 .1 .2 ).

2.1.2.1.1 Intervocalic position

There is widespread evidence that the voicing characteristic of the consonant has an 
effect on the duration of the hold phase (referred to below as the closure) of stops 
and on the duration of fricatives, when they are intervocalic and following a stressed 
vowel.

Table 2.1.5a summarises results from relevant studies^ The majority of the 
evidence concerns stops, although differences in fricative and affricate duration 
have been found (Subtelny, Worth and Sakuda, 1966; Malécot, 1968; Prosek and 
House, 1975).

As can be seen, all except Kent and Moll (1969) show a voicing effect. Most report 
an absolute difference of between 10 and 40 msec; and in the majority of cases the
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ratio of [-voice] to [+voice] is between 1.20 and 1.50. In the studies which involved 
more than one manner of articulation, the ratio appears lower for fricatives than 
stops.

No place of articulation effects are reported, apart from the obvious effect of the 
flapping of /t/ and /d/, which results in the absence of a voicing effect (Sharf, 1962; 
Stathopoulos and Weismer, 1983; Davis and van Summers, 1989)^

The results presented in Table 2.1.5a involve consonants following stressed vowels 
(with the exception of three studies where lexical stress placement is not indicated). 
A voicing effect has also been found on intervocalic consonants preceding a 
stressed vowel. Malécot (1966a, 1966b, 1968) found a difference which was of a 
similar magnitude to that following a stressed vowel: a difference of 35-50 msec for 
stops, 33 msec for fricatives. In a study of connected speech (a read text) Umeda 
(1977) reports a difference in duration between the voiceless fricatives lit and /s/ 
and their [4-voice] counterparts both following and preceding a stressed vowel 
(when intervocalic within a word). Velar stops, however, show a difference only 
following a stressed vowel.

Two studies (Lubker and Parris, 1970; Stathopoulos and Weismer, op.cit.) report a 
smaller voicing effect in pre-stress position compared with a post-stress position, 
however: a difference of 5 msec only. Moreover, Lisker (1972) found no voicing 
effect in this position; and Davis and van Summers found an inconsistent effect 
across speaker and place of articulation. Both studies found a consistent effect in 
post-stress position. Durational differences may therefore not always apply when 
consonants do not immediately follow a stressed vowel.

Malécot (1969) found differences in the duration of p/b and s/z both at slower and 
faster speaking rates: for example, a difference of 24 msec between /p/ and /b/ at a 
rate of 150 syll/min and one of 29 msec at 450 syll/min. However, it has been 
argued that differences found in words produced in isolation may not be evident in 
more natural speech. Lubker and Parris found a difference in isolation (Table 2.1.1) 
but no difference when the nonsense syllables were medial in a sentence frame: the 
authors suggest this may be because the stretch of speech is more natural. Another 
possible explanation, however, is that the extent of the voicing effect may depend on 
utterance position: Flege and Brown (1982b) found a larger difference between

Figures given in the tables refer only to non-pathological speech produced with modal phonation.
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[+voice] and [-voice] stops in utterance-final position (2 2  msec) than utterance- 
medial position (14 msec). Words produced in isolation may be equivalent to those 
produced utterance finally rather than medially.

Moreover, several of the studies cited in Table 2.1.5a did find a voicing effect when 
the target words were sentence-medial, including when real words were placed 
medially in varying realistic sentences, which can be considered a reasonably 
natural context (Davis and van Summers). It would appear from the results shown in 
Table 2.1.5a that the larger differences in absolute duration are found in studies 
which used words spoken in isolation rather than in sentences. When ratios are 
compared, however, thus normalising for differences in overall tempo, the voicing 
effect is not consistently greater in words produced in isolation.

2.1.2.1.2 Word-final consonants

The majority of the evidence for a consonantal voicing effect in word-final position 
involves stop closures (Lubker and Parris, 1970; Santerre and Suen, 1981; Port, 
1981; Flege and Port, 1981; Stathopoulos and Weismer, 1983; Luce and Charles 
Luce, 1985) (Table 2.1.5b). [-voice] stops are 10-25 msec longer than their 
[+voice] counterparts, the ratio (of [-voice]:[-i-voice]) being between 1.15 and 1.50. 
Malécot (1968) reports larger differences in absolute duration, although the ratios 
are similar.

In the case of fricatives, the large differences found by Malécot support the evidence 
presented by Denes (1955), which showed the duration of /s/ to be in the range of 
200-380, compared to 100-180 for /z/.

The majority of these studies used monosyllabic words or nonsense syllables. The 
two which used disyllables (Malécot; Stathopoulos and Weismer) report differences 
both when the preceding vowel was stressed (Table 2.1.5b) and when it was not.

The degree of voicing effect here is similar to the effect in intervocalic position, in 
terms both of the absolute durational differences and of the ratios. Port (1981) found 
stops in word-final position to be longer overall than those in intervocalic position, 
but the durational difference between [+voice] and [-voice] was similar (a ratio of
1.29 in word-final and 1.23 in intervocalic position following /i/).

 ̂This issue is discussed in more detail in section 2.3 on neutralisation. In the studies by Malécot and 
Subtelny et al ,  which include /t/ and Id/, the length of these segments indicate that they are not 
flapped.
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It is possible that word-final consonants in sentence medial position on occasion 
behave as intervocalic consonants. Flege and Port suggest that the stops in their data 
are analogous to intervocalic rather than word-final stops, in view of the position of 
the target word: in a sentence frame with an unstressed vowel immediately 
following. This is supported by the fact that the majority of word-final IXJ and /d/ 
were flapped in this experiment. However, the studies by Denes, Malécot, and 
Lubker and Parris all used words spoken in isolation and which therefore contained 
word-final stops which could not be considered intervocalic.

As in intervocalic position, however, there is some evidence that the difference in 
consonant duration is not always present. Luce and Charles-Luce found that stop 
closure duration differences were not consistently present across various phonetic 
and sentential contexts. Although they found overall a significant difference in the 
stop duration in one experiment, in 53% of cases there was no difference. In 
particular, stops in non-phrase-final position and alveolar stops in general did not 
show a voicing effect. In a second experiment, where following words began with 

III and /s/ rather than /o/ and /t/, there was no significant effect of voicing at all.

In addition, closure duration does not always distinguish [-f-voice] and [-voice] stops 
in longer stretches of connected speech. In a series of reports concerning segment 
durations in a read text Crystal and House (1982, 1988a, b, d) conclude that stop 
closure duration is not a reliable indicator of consonantal voicing. With regard to 
word-final prepausal (alveolar) stops (1988d), [4-voice] stops were not shorter than 
their [-voice] counterparts.

It would be misleading, however, to conclude that the voicing effect found in other 
speaking styles was never found in (read) connected speech. Firstly, Crystal and 
House did find a difference in the duration of fricatives: with the results from all 
speakers, word positions and positions of stress grouped, the average duration of 
[-voice] fricatives was 97 msec, that of [4-voice] fricatives 50 msec (1988a). In 
addition, they found a difference in the duration of stop releases: [4-voice] releases 
were on average 18 msec, [-voice] releases 39 msec (1988a).

Secondly, Umeda (1977), again examining a read text, found a difference between 
[4-voice] and [-voice] fricatives in both intervocalic position (as discussed in the 
section above) and also in word-final position, both utterance-medially and before a 
pause.
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2.1.2.1.3 Word-initial position

There is evidence that differences in consonant duration may apply to word-initial 
position also, although the evidence is mixed (Table 2.1.5c). Researchers have 
approached the obvious difficulty in identifying the start of a stop closure in word- 
initial position in two ways: either by using intra-oral air pressure information 
(Malécot, 1968; Warren and Mackler, 1968; Lisker, 1972; Flege and Brown,
1982b), or by defining the start of the stop as the end of the previous vowel in a 
carrier phrase (Gay, 1979; Flege and Port, 1981; Stathopoulos and Weismer, 1983).

Malécot (1968) found differences in the case of both stops and fricatives, both 
before stressed and unstressed vowels; Warren and Mackler (1968) found a 
substantial difference just in the case of fricatives. Flege and Brown (1982b) found 
that /p/ was 15 msec (22%) longer than /b/ when in word-initial position (preceding 
a stressed vowel), a difference similar to that found by the authors in intervocalic 
position (Table 2.1.5a above). In addition. Gay (1979) notes small differences (5-15 
msec) in bilabial and alveolar stop closure duration (preceding a stressed vowel in 
utterance-medial position); and Klatt (1976) reports a difference in the duration of 
word-initial /z/ and /s/ of approximately 40 msec.

However, Baum and Blumstein (1987) found a large degree of overlap in the 
durations of word-initial [+voice] and [-voice] fricatives. For example, although the 
mean duration of friction noise for [z] was 152 msec compared to 174 msec for [s] 
over three speakers, for one speaker the range was 99-192 msec for [z], 135-197 
msec for [s]. Similar distributions were found for the other speakers.

Furthermore, several studies found little or no difference in the duration of word- 
initial [4-voice] and [-voice] stops (Warren and Mackler, 1968; Lisker, 1972; Flege 
and Port, 1981; Stathopoulos and Weismer, 1983). In the last three studies, where 
information is available, the same speakers produced a difference in either 
intervocalic (Lisker; Stathopoulos and Weismer) or word-final position (Flege and 
Port). In longer stretches of connected speech. Crystal and House (1988d) also 
report no consistent effect across all places of articulation.

Other factors affecting segment duration may be masking a voicing effect in this 
position. Flege and Brown (1982b) found that lengthening of utterance-initial /b/ 
cancelled out any voicing effect. In addition, [4-voice] stops have been found to be 
longer before stressed compared to unstressed vowels (Lisker, 1972). This latter 
effect may provide an explanation for the differing behaviour of stops in 
Stathopoulos and Weismer’s study, where [4-voice] stops were slightly shorter than
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[-voice] stops before unstressed but not stressed vowels: in the latter position, a 
voicing effect may be masked by the stress effect.

2.1.2.1.4 Summary

There is in conclusion strong evidence of a voicing effect on stop closure duration in 
English in certain contexts, namely in intervocalic and word-final position following 
a stressed vowel. Evidence is more mixed, however, regarding stops both in word- 
initial position and when the lexical stress pattern differs. The difference does not 
appear to be robust enough to occur in all speaking styles and all utterance positions. 
The evidence regarding fricatives is more limited than that for stops, but here also 
there is an effect of the voicing characteristic of the fricative on the duration of the 
segment.

2.1.2.2 O ther  l a n g u a g e s

There is widespread evidence of a voicing effect on the duration of obstruents in 
languages other than English.

In French, [-voice] obstruents have been found to be longer than [4-voice] obstruents 
in various word positions, although the size of the effect differs considerably 
between studies. Intervocalic and word-final [-voice] stop closures, as expected, 
have been found to be longer than their [4-voice] counterparts. Fischer-Jprgensen 
(1972) found the ratio of [-voice] to [4-voice] stops in intervocalic position to be 
between 1.23 and 1.35 for the three places of articulation. Wajskop (1979) found a 
ratio of 1.41 in sentence-final position and a smaller difference (a ratio of 1.30) in 
sentence-medial unstressed position. The difference found in word-final position 
was in many cases larger: a ratio of 1.73 (Fischer-Jprgensen), 1.19 (O’Shaughnessy,
1981), and 1.59, 1.80 and 1.88 for alveolar, velar and bilabial stops respectively 
(Debrock, 1977).

Fricatives have been found to show a considerable voicing effect (Debrock; 
O’Shaughnessy, 1981). Debrock found a large difference in word-initial position: 

ratios of 2.38, 2.12 and 2.18 for f-v, s-z and pairs respectively. Smaller but still

considerable differences were found in word-final position also: the respective ratios 
being 1.64, 1.87 and 1.81.

A voicing effect has been found in continuous speech also. In an analysis of a read 
text, O’Shaughnessy (1984) found [-voice] stops to be 76 msec, [4-voice] stops 63 
msec (all positions pooled), a ratio of 1.21. Fricatives also differed: [-voice]
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fricatives were 120 msec, whereas [+voice] fricatives were 67 msec (/v, z/) and 100 

msec (/3 /).

Inter-study variation makes the comparison of French and English problematic, but 
the comparative studies by Laeufer (1992, 1996) show a larger difference in French 
than in English. In sentence-medial position, word-final [-voice] stops were 31.5 
msec longer than their [+voice] counterparts in French, but there was only a 19.3 
msec difference between [-voice] and [-f voice] stops in English (1996). The ratio of 
[-voice] to [+voice] is 1.43 in French, 1.34 in English.

Although word-final obstruents in sentence-^na/ position were longer overall than 
in sentence-medial position (1992), the same temporal relationships held between 
voiced and voiceless and between French and English. Word-final [-voice] stops 
were 64.4 msec longer than their [+voice] counterparts in French (a ratio of 1.64), 
but there was again only a 19.3 msec difference between [-voice] and [+voice] stops 
in English (a ratio of 1.47). Fricatives showed similar temporal differences, the 
difference in French (in sentence-final position) being 103.15 msec (a ratio of 1.77), 
in English 71.69 msec (a ratio of 1.57).

In both studies, the overall duration of obstruents was greater in French than in 
English, a fact which is put forward by Laeufer as the explanation for the difference 
in the ratios. If this is the case, it is possible that the difference between sentence 
position is also due to obstruents being longer finally than medially: where the 
overall durations are greater, so are the ratios.

A greater difference in French than in English was found also by Flege and 
Hillenbrand (1986), in the case of fricatives. A 160 msec difference between word- 
final /s/ and /z/ was found in French but one of only 80 msec in English. However, 
the average duration of fricatives in the two languages was equal. An explanation in 
terms of greater overall duration, since it does not apply to fricatives, may then not 
be appropriate either for stops.

A difference in the duration of [+voice] and [-voice] obstruents has been found in a 
wide variety of other languages: Polish (Keating, 1980), Dutch (Slis and Cohen, 
1969a; Slis, 1970, 1971; Collier, Lisker, Hirose and Ushijima, 1979), German 
(Kohler, 1981), Swedish (Lofqvist, 1976), Norwegian (Fintoft, 1961), Korean 
(Chen, 1970) and Japanese (Port, Al-Ani and Maeda, 1980; Homma, 1981). Jaeger
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(1983) gives evidence from Swahili, Zapotec (an Oto-Manguean language spoken in 
Mexico) and Jawon (an Australian language spoken in Arnhem Land)"̂ .

Much of this data concerns intervocalic and word-final stops. The degree of 
difference is at least as great as that found in many of the studies in English, 
although, as noted above, inter-study variation makes a comparison of the effect in 
different languages difficult.

In Polish, there was a ratio (of [-voice] to [+voice]) of 1.42 in the case of 
intervocalic dental stops (the mean duration of [d] was 91.5 msec, that of [t] 130.1 
msec). In Swahili, the ratio in the case of all three places of articulation was 1.61. In 
Swedish, the difference found was even greater: in intervocalic position, the ratio 

was 1.88 ( the mean duration of /ptk/ was 171 msec, that of /bdg/ 91 msec (tonal

accent 1)). A similar ratio (1.76) was found in word-final position, where the overall 
absolute durations were longer: [-voice] stops were 216 msec, [+voice] stops 123 
msec.

A difference was found in word-initial stops also, although to a lesser degree: a ratio 

of 1.14 (/ptk/ 138 msec, /bdg/ 121 msec). In word-medial position before a stressed

vowel there was no significant difference. This is similar to the position in English: 
as discussed in 2 .1.2.1 above, these are just the positions where the difference is 
more doubtful in English also. In Dutch, however, Slis (1970, 1971) found the 
closure duration of /p/ to be longer than that of /b/ in intervocalic position both 
before and after a stressed vowel by 15-24 msec. However, no difference was found 
in word-initial position.

The absolute duration of intervocalic stops following stressed vowels in Japanese 
was smaller than in the above studies, but the ratio were similar. Port et al. (1980) 
found a ratio of 1.53 in the case of /t/ and /d/ (/t/ 55 msec, /d/ 36 msec); Homma
(1981) found the mean duration of stop closures to be: /p/ 77 msec, /b/ 55 msec (a 

ratio of 1.40); /t/ 62 msec, /d/ 35 msec (1.77); Dd 61 msec, /g/ 41 msec (1.49).

Much larger differences between the [-voice] and [4-voice] stop series are reported 
in Korean, Zapotec and Jawon. The ratio of intervocalic /t/ to /d/ in Jawon, for 
example, was 3.03 (109 msec as compared to 36 msec), and in Zapotec 2.83 (150 
msec and 53 msec respectively). In Korean the ratio of [-voice] to [4-voice] was
2.30 ([-voice] stops were 124 msec, [4-voice] 54 msec (intervocalic and word-final

The relevant contrast in these two languages is analysed by the author as one of fortis vs. lenis.
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position combined))^ This was a larger difference than that found in the same study 
for word-final stops in English, where the ratio was 1.59. The difference between 
the two languages does not appear to be due to longer absolute durations in Korean 
(an explanation suggested for the greater ratios found in French than in English, as 
discussed above). On the contrary, in this study the absolute durations appear to be 
greater in English: [-voice] stops were 140 msec, [+voice] 88  msec.

Evidence that [+voice] and [-voice] fricatives also differ has been found in Dutch 
(Slis and Cohen, 1969a), Norwegian, Swahili and Zapotec. In the latter two 
languages, the voicing effect (in terms of the ratio of [-voice] to [+voice]) was less 
than that found for stops. No comparison is possible for the other two languages 
from the data given, although in Dutch the difference in absolute terms was greater 
for fricatives (50 msec) than stops (28 msec).

There is, however, evidence that in some languages [+voice] obstruents may not be 
shorter than their [-voice] counterparts. Such negative evidence has been found in 
studies on Arabic (Port, Al-Ani and Maeda, 1980; Flege and Port, 1981), Danish 
(Fischer-J0 rgensen, 1979) and Aku (a Creole tone language spoken in Gambia) 
(Sock and Lofqvist, 1995). The case of Danish, however, may be accounted for by 

other structural differences. Both the /ptk/ and /bdg/ series are voiceless, the contrast

being one of aspiration rather than either voicing or fortis/lenis (Fischer-J0 rgensen, 
1979). The effect on duration may therefore not apply to this contrast.

In the other two languages, there is some evidence of a voicing effect, but it is not 
consistent. In Aku, the hold duration of Ibl was shorter than that of /p/ at a fast 
speech rate, but at a normal speech rate, the closure of /b/ was significantly longer 
than that of /p/.

In Arabic, no effect of voicing on the closure duration of intervocalic t/d was found 
by Port et a l (1980) (in Standard Arabic spoken by Egyptian, Iraqi and Kuwaiti 
subjects), nor on that of word-final dental and velar stops by Flege and Port (1981) 
(in the case of colloquial Saudi Arabian Arabic^). The latter study did find, 
however, a significant if small effect in word-miY/a/ position (of 1 2%: 8 - 1 0  msec). 
In the case of fricatives, however, Mitleb (1984) found no significant difference in 
the duration of (post-stress) /s/ and /z/ in Jordanian Arabic, whereas English

 ̂Chen (1970) labels the two categories examined here as [+voice] and [-voice], although all three 
stop series in Korean (lenis, fortis and aspirated (Cho, Jun and Ladefoged, 2002)) are phonetically 
voiceless.
 ̂Standard Arabic and colloquial Saudi Arabian Arabic are the terms used by the respective authors.
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speakers in the same study did produce a significant difference (of approximately 45 
msec).

2.1.2.3 SUMMARY

There is in summary evidence from a wide variety of languages that [-voice] stop 
closures and fricatives are longer than their [+voice] counterparts. It is not clear 
whether this tendency is universal. It is possible that the negative evidence could be 
explained by other temporal effects masking the voicing effect: in the languages 
concerned there is some evidence of a voicing effect, but it is not consistent.

When cross-linguistic comparisons are made between those languages which do 
show a difference, similar factors affect the degree of the voicing effect, and 
whether it is apparent at all, in many languages. The position of lexical stress and 
the position of the consonant in the word are important factors: the voicing effect 
appears more robust in intervocalic and word-final than word-initial position, and 
following rather than preceding the primary lexical stress.

In addition, it is possible that the effect is smaller in English than in other languages. 
A possible explanation for this is that overall consonant duration is smaller also. 
However, this does not apply to, for example, fricatives in English and French; nor 
does it account for language-internal differences such as the difference between 
stops in word-initial and in other positions in Swedish. It would therefore appear not 
to be a universal explanation for all differences in the degree of the voicing effect.

2.1.3 Vowel duration

There is considerable evidence for an effect of consonantal voicing on the duration 
of the preceding vowel. Most of this evidence concerns English, which is considered 
first in section 2.1.3.1. A review of both positive and negative evidence from other 
languages is then given in section 2 .1 .3.2.

2 .1 .3 .1 ENGLISH

There is evidence for the vowel length effect in English before both word-final and 
intervocalic obstruents. The effect has been found to apply to a wide range of vowel 
qualities (although in the main stressed vowels), and to apply before both stops and 
fricatives (most of the evidence coming, however, from a stop context).

Several studies have found an extremely large difference in vowel duration before 
word-final obstruents. Denes (1955), and later Soli (1982), examining the duration
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of /u:/ in /ju:z/ and /ju:s/, found /u:/ before /z/ to be more than twice the length of 
/u:/ before /s/. Raphael (1975) also found very large differences in vowel length: of 
between 90 and 300 msec across a range of vowels before stops and fricatives.
Other research has shown a smaller vowel duration effect: a difference in absolute 
terms of between 25 and 150 msec, a ratio of voiced to voiceless context of between 
1.14 and 1.82 before word-final consonants (Table 2.1.5d).

A vowel length effect has been found in the case of both intrinsically short and long 
vowels (House and Fairbanks, Peterson and Lehiste, House, Port, Santerre and Suen 
and Luce and Charles-Luce), stressed and unstressed vowels (van Sununers), and 
vowels preceding both stops and fricatives (House and Fairbanks, Peterson and 
Lehiste, House and van Summers).

There is evidence, however, that the vowel length effect varies in degree across 
these groups of vowels. In each case, it is the shorter vowels which show a smaller 
consonantal voicing effect, in absolute terms, than their longer counterparts. Firstly, 
in the case of intrinsically long and short vowel qualities, Peterson and Lehiste 
found long vowels to be 108 msec longer before /d/ than before /t/, but short vowels 

(/i e Ü 9/) to be only 59 msec longer. Secondly, vowel duration is shorter before

stops than before fricatives overall (House and Fairbanks; Peterson and Lehiste); 
and a smaller consonantal voicing effect has been found in the case of vowels before 
stops (Peterson and Lehiste, who found a difference of 96 msec compared to 148 
msec for vowels before fricatives). And thirdly, it is well known that stressed 
vowels are longer than unstressed vowels (Parmenter and Trevino, 1935; Klatt, 
1975a): Parmenter and Trevino, for example, found a 65 msec difference in the 
mean duration of these two groups of vowels. Van Summers found consonantal 
voicing had a significantly greater effect, in terms of absolute durational differences, 
on the longer stressed than the shorter unstressed vowels.

It is not unexpected that a lengthening effect should be proportional to vowel length, 
and that therefore shorter vowels increase less in absolute terms than longer vowels. 
There is evidence, however, that even relative to intrinsic duration the effect may 
not be constant. The results given by House (1961) and Peterson and Lehiste (1960) 
show that the ratio (of vowels before C[-i-voice] to vowels before C[-voice]) is 
greater in the case of long vowels. In the results presented by House, for example, 
the ratio is 1.64 in the case of short vowels and 1.79 in the case of long vowels. 
Peterson and Lehiste also found a greater lengthening effect for vowels preceding 
fricatives (a ratio of 1.65) than those preceding stops (a ratio of 1.52) (Table 2.1.5d). 
Port, however, found support for a constant effect: the ratio (of vowel duration
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preceding C[+voice] to that preceding C[-voice]) was the same for both intrinsically 
long and short vowels (Port, 1981).

The vowel length effect before word-final consonants has been compared to that 
before intervocalic consonants (Sharf, 1962; Klatt, 1973; Port, 1981). Before 
intervocalic consonants overall vowel duration was found to be smaller. All three 
studies found the vowel length effect was smaller before an intervocalic consonant, 
not only in terms of an absolute difference, but also when the vowel length effect is 
expressed as a ratio.

Sharf found that vowels preceding word-final voiceless stops were shorter than 
before voiced stops by a ratio of 2:3. The ratio for vowels preceding intervocalic 
bilabial stops was 3:4, for velar stops, 4:5. Similarly, Port found the ratio (of /i/ 
before Ibl to that before /p/) to be 1.32 in the word-final context but only 1.14 in the 
intervocalic context.

Klatt (1973) reports vowels to be 6 6  msec shorter preceding [-voice] than [+voice] 
obstruents in monosyllables (a ratio of [+voice]: [voice] of 1.5), but only 28 msec 
shorter in the case of intervocalic obstruents following (a ratio of 1.27). Such non
constant effects are accounted for by the ‘incompressibility’ of segments (Klatt 
1973, 1976): a ceiling effect on the shortening of segments due to the time needed to 
produce a “satisfactory articulatory gesture” (Klatt, 1976, p 1215). However, Gopal 
(1996) found such an incompressibility model not to be generalisable to 
combinations of other factors: it did not fully account for the effect on vowel 
duration of a combination of vowel tensity and consonantal voicing, or of 
consonantal voicing and speaking rate.

To summarise, there is much evidence that longer vowels lengthen more in absolute 
terms than their shorter counterparts^. This applies to vowels which are long due to 
one of several factors: lexical stress, the manner of articulation of the following 
segment, word position (preceding word-final rather than intervocalic consonants), 
or intrinsic length related to vowel quality. However, evidence is mixed as to 
whether the lengthening effect proportional to overall duration remains constant, or 
whether longer vowels show a greater lengthening effect. The latter appears to be 
the case for vowels with differing lengths due to word position.

Table 2.1.5d shows the vowel length effect in a range of contexts: in isolation and in 
sentence-medial position, and including both nonsense syllables (House and

’ I have labelled this a lengthening rather than a shortening effect only for the sake of convenience.
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Fairbanks, House, van Summers) and real words in sentence frames (Peterson and 
Lehiste, Flege and Port, Luce and Charles-Luce). There is evidence, however, that 
the vowel length effect may not be sufficiently robust to occur in all contexts. A 
greater vowel length difference has been found in phrase-final compared to non
phrase-final position (Cooper and Danly, 1981; Luce and Charles-Luce, 1985). 
Cooper and Danly found /i:/ to be 36 msec shorter before /t/ than /d/ in utterance- 
medial position, but 78 msec shorter in utterance-final position. Luce and Charles- 
Luce found a difference in the duration of vowels before voiced compared to 
voiceless stops of 6 8  msec in phrase-final position and 42 msec in non-phrase-final 
position.

When connected discourse is examined, it is often the case that the difference is 
maintained in phrase-final position but not in non-phrase-final position (Klatt,
1975a; Umeda, 1975; Crystal and House, 1988a) (although Campbell and Isard 
(1991) found a significant effect in sentence-medial but not sentence-final position). 
These results would suggest that the vowel length effect may be great enough in 
phrase-final position to be sufficiently robust to be maintained in connected 
discourse; but that it is not particularly robust in other positions.

The fact that the vowel length effect is not sufficiently robust to always be 
maintained in connected discourse is suggested by the reports by Crystal and House 
(1982, 1988b, 1988c). In their 1982 report, for example, they found an effect of 
consonantal voicing on long vowels preceding plosives (141 msec before C[+voice], 
117 msec before C[-voice]), but no effect on short vowels or on vowels preceding 
fricatives. Campbell and Isard also found no vowel length effect before fricatives.

The effect of consonantal voicing on vowel duration, although great in English, is 
not consistently present across manner of articulation or position in utterance when 
connected discourse (albeit still read texts rather than spontaneous speech) is 
examined.

2.1.3.2 LANGUAGES OTHER THAN ENGLISH

A consonantal voicing effect on preceding vowel length has been found in French 
(Belasco, 1953; Chen, 1970; Fischer-j0rgensen, 1972; Wajskop, 1979; 
O’Shaughnessy, 1981, 1984; Mack, 1982; Laeufer, 1992, 1996), Spanish 
(Zimmerman and Sapon, 1958), Dutch (Slis and Cohen, 1969a; van Dommelen,
1982), German (Kohler, 1977; Kohler and Kiinzel, 1978; Mitleb, 1981; van 
Dommelen, 1982), Norwegian (Fintoft, 1961), Korean (Chen, 1970), Japanese (Port,
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Al-Ani and Maeda, 1980; Homma, 1981), Arabic (Port, Al-Ani and Maeda, 1980) 
and Hindi (Maddieson and Candour, 1976).

Most of the evidence concerns vowels before intervocalic stops and fricatives, with 
evidence of an effect also before word-final obstruents in French, Norwegian and 
Hindi^. In the case of Hindi, the consonantal voicing effect applies to vowels 
preceding both the plain and aspirated series of stops.

Most of the evidence comes from target words produced either in isolation (for 
example, Chen, Mack) or within a sentence frame (for example, Maddieson and 
Candour; Port, Al-Ani and Maeda; O’Shaughnessy, 1981; Laeufer, 1992, 1996). 
There is some evidence also from real sentences (for example, Wajskop, 1979) and 
read texts (O’Shaughnessy, 1984, who found a durational effect in this context 
before fricatives but not stops).

This evidence from a wide range of languages supports a model where the effect of 
consonantal voicing on the duration of the preceding vowel is universal.

There is evidence, however, of an absence of effect in some languages. Keating 
(1980) found no effect in the case of intervocalic /t/ and /d/ in either Polish or 
Czech. The data in each case was produced in the type of formal context (word pairs 
read in list format) where a difference was consistently found in English. In the case 
of 24 native Polish speakers, vowel duration preceding IXJ was 167.4 msec, 
preceding /d/ 169.5 msec: a ratio between the means of 0.99. Recordings of three 
native speakers of Czech showed no significant difference in preceding vowel 
duration: mean duration before IXJ was 193.7 msec, before /d/ 204.2 msec.

The presence of a phonemic length contrast in vowels in Czech is suggested as a 
possible explanation for the lack of a consonantal voicing effect on vowel duration. 
This, however, does not apply to Polish.

Negative evidence is reported in Arabic, also, although results are mixed. Flege and 
Port (1981) found no significant difference preceding word-final dental and velar 
stops in the case of Saudi-Arabian speakers. However, Port, Al-Ani and Maeda 
(1980) did find a significant effect (of 13-32 msec, depending on speaking tempo) 
before intervocalic dental stops in the case of Arabic spoken by Egyptian, Iraqi and 
Kuwaiti subjects. The authors suggest the difference in word position accounts for 
the different findings.
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This is supported by the findings of Mitleb (1984) in Jordanian Arabic, where there 
was no significant difference in vowel duration preceding word-final /s/ and /z/, 
although English speakers in the same study did produce a difference (of 
approximately 50 msec). Moreover, Jordanian learners of English did acquire a 
significant length difference, although one (2 0  msec) significantly smaller than that 
produced by the native English speakers. Mitleb concludes from this that the vowel 
duration difference found in English is a learnt difference.

Not only do languages differ as to whether consonantal voicing has an effect on 
preceding vowel duration, but, in addition, there is cross-linguistic variation in the 
magnitude of the effect. Most comparative studies involve English, all of which find 
that the effect is greater in English. Zimmerman and Sapon (1958) found a 18.2 
msec difference in Spanish, compared to a 83.2 msec difference in English. Chen 
(1970) found that the difference in vowel length was greater in English than in 
Korean, Russian and French. He reports a ratio (of vowel duration before voiceless 
consonants to that before voiced consonants) of 0.61 in English, as compared to 
0.87 for French, 0.82 for Russian and 0.78 for Korean^ A ratio similar to this (0.8) 
was found in Norwegian (Fintoft, 1961). Lehiste (1970) takes the view that smaller 
differences are more likely to be universal than the larger effect found in English.

There are confounding variables in the studies by Zimmerman and Sapon and Chen 
which makes comparison difficult. For example, in both studies, the English data 
consists mostly of vowels before word-final consonants whereas the data from the 
other languages includes intervocalic consonants also. As discussed above (2.1.3.1), 
in English the consonantal voicing effect on vowel duration has been found to be 
greater in word-final position.

However, the more recent comparative studies of French and English by Mack
(1982) and Laeufer (1992, 1996), where factors such as word position have been 
kept constant, also show a greater voicing effect on vowel duration in English than 
in French. Mack found that in French vowels before word-final voiceless stops were 
72.74% of the length of those before voiced stops (133.1 msec vs. 182.1 msec), 
whereas in English they were 54.45% (154.1 msec vs. 285.3 msec). Laeufer (1992) 
reports a similar ratio: 73.98% (147.41 msec vs. 199.26 msec) in French and 62.50% 
(208.90 msec vs. 334.25 msec) in English.

 ̂Vowel duration before word-final consonants where the voicing contrast is neutralised is discussed 
in section 2.3.
 ̂As noted above with reference to consonant duration, Chen uses the term [-t-voice] and [-voice] to 

refer to these two categories of stop.
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The conclusions which the authors draw differs, however. Mack, as Chen and 
Zimmerman and Sapon, takes the view that the vowel length effect, although 
physiological in origin, is a learnt linguistic rule in English. Laeufer, however, 
differs in concluding that the rule is of the same nature in both languages: i.e. one of 
phonetic realisation. Evidence given for this is, firstly, that they are subject to the 
same variations. The difference in both languages is greater in sentence-final than 
sentence-medial position (as found also by Wajskop, 1979) and in focussed rather 
than non-focussed position. In addition, in both languages the difference (in the ratio 
of [+voice]/[-voice]) is greater before fricatives than stops.

Secondly, the author suggests that the greater difference in English may be due to 
the longer absolute durations: in sentence final position, mean vowel duration before 
voiceless consonants was 147 msec, before voiced consonants, 199 msec. The 
comparative figures for English were 209 msec and 334 msec respectively. Where 
vowels of similar durations are compared, a similar consonantal voicing effect is 
found.

In support of this, as discussed above a greater effect has been found in English in 
those contexts where the absolute durations are greater. However, this explanation 
does not easily account for the results found by Mack, where voiceless stops were of 
similar length in the two languages.

In a comparative study of German and Dutch, van Dommelen (1982) reports results 
similar to those found by Mack. He found vowel duration in the two languages to be 
of a similar length before intervocalic /t/, but the vowel lengthening before /d/ to be 
much greater in German than in Dutch. In German, /i/ before /t/ was 97 msec, before 
/d/ 161 msec (the corresponding figures for Dutch were 87 msec and 108 msec 
respectively).

He concludes from these results that German, as English, has exploited the 
physiological differences as a linguistic rule of vowel lengthening before [4-voice] 
obstruents.

2.1.3.3 S u m m a r y

In summary, there is evidence of an effect of consonantal voicing on vowel duration 
in a wide range of languages. This effect is not present in all studies, however, and 
therefore may not be an absolute universal.

There is evidence that there is a greater effect where the absolute durations are 
greater. This may account for differences in the effect in various phonetic, sentential
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and prosodic contexts in English. It may also account in part for differences found 
when languages are compared. However, it does not easily account for all the cross- 
linguistic differences in the degree of the effect, differences which lead some 
researchers (for example, Chen, Mack and van Dommelen) to posit a phonological 
rule of vowel lengthening for those languages, in particular English, which show a 
large effect.

A greater effect where the absolute durations are greater does not account either for 
the negative evidence in Polish and Czech, where vowel durations were no shorter 
than in studies which did show an effect. Such an absence of a vowel duration effect 
is evidence put forward by Keating (1984, 1985) to support a model where the effect 
is specified by each language.

2.1.4 The Vowel + Consonant sequence

The durations of the consonant and preceding vowel have been considered 
separately, but obviously a change in either leads to an alteration of the temporal 
structure of the vowel and consonant sequence. Two issues arise from this fact. The 
first is whether the ratio of consonant-to-vowel clearly and consistently 
distinguishes [+voice] from [-voice] consonants. There is some evidence for this in 
English and German: Port (1981) reports a mean ratio of stop to vowel duration in

English of 0.96 for /p/ (preceded by /i, i/) compared to 0.57-0.64 (depending on

number of syllables) for Ibl. In German, Kohler (1979) found the ratio of the vowel 
to the total dyad duration to fall within distinct ranges: above 0.7 for [+voice] stops, 
below 0 .6  for [-voice] stops.

However, in their study of stops in English, Luce and Charles-Luce (1985) found 
that consonant/vowel ratio did not consistently distinguish voiced and voiceless 
stops across a variety of sentential and phonetic environments, and in this respect 
was less robust than absolute vowel duration. In their analysis of longer stretches of 
speech. Crystal and House (1988a) found that the ratio of stop hold to preceding 
vowel did not differentiate the two groups of stop in English, the ratio in all cases 
being 0.3.

In that it is to a certain extent independent of tempo, a ratio may provide a more 
robust model of the durational effects of consonantal voicing than analysis of the 
duration of the independent segments (although variations in tempo can have a 
different effect on consonants and vowels (Kozhevnikov and Chistovich, 1965)). 
However, its consistency in distinguishing voiced and voiceless consonants does
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depend on both vowel and consonant duration themselves consistently 
distinguishing [+voice] from [-voice] across contexts. The latter has in some studies 
been found not to hold: Luce and Charles-Luce found consonant duration not to 
reliably distinguish [+voice] from [-voice] across a variety of contexts; and Crystal 
and House found such inconsistency to hold for both consonant and vowel duration. 
Whether the consonant to vowel ratio can serve as a perceptual cue to the contrast is 
discussed below (section 2.2.1.4).

The second issue concerning the vowel+consonant sequence is whether, if in a given 
language a [+voice] obstruent is shorter than its [-voice] counterpart, and the 
preceding vowel is longer, the total vowel + consonant sequence remains constant or 
not. A tendency towards a constant duration has been found in French (Wajskop, 
1979; Laeufer, 1996), Dutch (Slis, 1970; van Dommelen, 1982) and German 
(Kohler, 1977; Kohler and Kiinzel, 1978; van Dommelen, 1982).

In German, the considerable lengthening of a vowel before a [4-voice] stop found 
results in a sequence which is slightly longer than the vowel 4- [-voice] stop 
sequences (results given by Kohler (1977) show a 10-30 msec difference). A similar 
result would be expected in English, given the large difference in vowel duration 
before voiced and voiceless consonants. Laeufer (1996) indeed found this to be the 
case (with vowel 4- [4-voice] stops being 36 msec longer than vowel 4- [-voice] 
stops). Port (1981), however, found no significant difference between the two 
sequences, the total duration remaining constant.

Moreover, Kohler argues for a physiological explanation for such a tendency, 
namely the greater speed of the closing gesture and slower opening gesture in a 
fortis as compared to a lenis obstruent:

“The time courses of the muscular activities and of the resulting movements 
are such as to produce a quick occlusion and a slow release for fortis stops 
and vice versa for lenis ones in noninitial position [...]. From these timing 
measures follows a tendency towards a constant duration of ‘vowel 4- stop 
closure’, as well as reciprocal vowel and consonant lengths for lenis and 
fortis productions. Similar considerations hold for ‘vowel 4- fricative’, with 
the essential difference that fricatives require a greater muscular 
coordination than stops leading to longer vowels and consonants.”

(Kohler 1984: 155)

It is therefore not just a question of a negative correlation between two temporal 
intervals: the tendency towards a constant duration is explained by the mechanics of 
producing voiced and voiceless obstruents and the preceding vowels. Since it is a
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physiological explanation it predicts that such a tendency would be found in all 
languages which have fortis and lenis obstruents.

Laeufer similarly claims that temporal compensation is a universal tendency:

“Existing work on VC dyads suggests that they constitute a basic rhythmic 
unit and that they are attributed the same quantity in the central speech 
control program, whether the consonant is voiced or voiceless.”

(Laeufer 1996: 121)

and goes further in claiming that there is a tendency for this V+C duration to be 
constant across languages:

“The French and English dyads of vowel plus voiceless consonant have 
similar durations, but the vowel plus voiced consonant interval is longer in 
English than in French. Assuming [...] that VC dyads constitute a global 
closing-opening gesture of constant duration across languages, regardless of 
the voicing specification of the consonant, the divergence noted here for 
English must be due to overriding factors which disrupt the quantitative 
similarity.”

(Laeufer 1996: 129)

Port (Port, Al-Ani and Maeda, 1980; Port, 1981) also includes temporal 
compensation in his timing model:

“Thus temporal compensation, manifested as inversely correlated mean 
durations of adjacent acoustic intervals, serves in some cases as a device for 
maintaining macrostructural invariance despite microstructural variation.”

(Port, Al-Ani and Maeda 1980: 236)

He does not, however, take a universalist approach: rather, such temporal 
compensation is language-specific and learnt. The unit over which such 
compensation applies can vary: for example. Vowel -f- Consonant in English, Vowel 
4- Consonant -+- Vowel in Japanese. In Arabic neither of these is a timing unit: here 
the duration of the vowel but not the consonant was found to be affected by 
consonantal voicing.

In such a model other languages where only one of the two segments varies would 
be accounted for in a similar way to Arabic: this particular temporal macrostructure 
would be absent. This would include Polish, where the consonant but not the vowel 
is affected (Keating, 1980), and, according to Maddieson and Candour’s results, 
Hindi, where no effect of voicing was found on stop closure duration to match the 
effect on vowel duration (Maddieson and Candour, 1976). Benguerel and Bhatia 
(1980), however, did find such an effect (for example, a difference of 24 msec in the
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case of plain stops). So in Hindi also the Vowel + Consonant sequence may be a 
timing unit.

Temporal compensation is thus seen as either a physiologically determined 
universal or a means by which some languages maintain macrostructural invariance. 
The present study will address the question of whether such compensation applies in 
Russian also.
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2.1.5 Tables of consonant and vowel durations found in English

Table 2.1.5a. Consonant durations found by previous researchers in English. 
Consonants were intervocalic following a stressed vowel (except where marked f). 
Durations of stops refer to the hold phase. In this and following tables, where 
differences and ratios were not given they were calculated from the figures given.

Study Consonants Difference
(msec)

ratio
[-v]/[+v]

format

Lisker (1957) p b 45 1.60 isolation

Sharf(1962) p b t d k g p -  b = 32 
t - d = - 4  
k -  g = 19

1.53

1.35

isolation

Subtelny et al. p b t d f v s z t j p - b  = 28.7 1 .20 isolation
(1966)t d3 t -  d = 50.5 

f -  V = 40.2 
s -  z = 28.3 

t j-d 3 = 1 8 .7

1.32
1.24
1.15
1.08

Malécot (1968) p b t d k g f v s p - b  = 31 1.30 isolation

z t -  d = 65 

k -  g = 41

f - v  = 35 
s -  z = 2 0

1.98
1.40
1.29
1.13

Kent & Moll p b t d k g p — b = —1 isolation

(1969) t - d  = 0  

k - g  = 0

Lubker & Parris pb 9.7 1.07 isolation
(1970)

Lisker (1972) p b 36 1.46 isolation

Schwartz p b 26 1.33 all

(1972)t sentence
positions
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Prosek & House p b t d k g f v s  stops: 57 1.61
(1975) t t  fricatives: 31 1.28

Westbury (1979) p b t d k g  

t

Port (1981) pb

Flege & Brown p b 
(1982b)

Stathopoulos & p b t d k g  
Weismer (1983)

Davis & van p b t d k g
Summers
(1989)$

p -  b = 20.5 
t — d = 5.8 

k -  g = 14.8

15

14

p — b = 21 
t - d  = 3 

k - g  = 15

p — b = 21 
t — d = —3 

k — g = 22

1.27

1.22

1.23

1.32

1.27

1.40

1.50

t  lexical stress placement is not indicated 
t t  figures for post-stress and pre-stress consonants combined 
t  figures for one speaker only cited in this table 
* no figures given

isolation
+

sentence-
medial

isolation

sentence-
medial

sentence-
medial

sentence-
medial

sentence-
medial
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Table 2.1.5b. Duration of word-final consonants in English following a stressed 
vowel

Study Consonants Difference
(msec)

ratio [-v] /[-hv] format

Lubker & p b p -  b = 2 1 .6 1.15 isolation
Parris (1970)

Port (1981) p b p -  b = 2 1 * 1.29 sentence-
medial

Santerre & p b t d k g p -  b = 32.3 1.38 sentence-
Suen (1981) t t - d  = 34.0 

k -  g = 32.7

1.50
1.41 medial

Flege & Port p b t d k g p -  b = 23 1.39 sentence-
(1981) t -  d = 13 $ 

k -  g = 14

1.43
1.27 medial

Stathopoulos p b t d k g p -  b = 23 1.31 sentence-
& Weismer t - d =  18 1.45 medial
(1983) k - g  = 19 1.30

Luce & p b t d k g 18 1.26 sentence-
Charles-Luce medial
(1985)

Malécot p b t d k g f v s p -  b = 51 1.30 isolation
(1968) z t -  d = 58 

k -  g = 88

f -  V = 84 
s -  z = 65

1.41
1.55
1.38
1.25

* the results for stops following III. The identity of the preceding vowel (/i/ vs. h!) 
has no significant effect.
t  stops mostly but not wholly word-final (49 pairs with word-final stops, 11 pairs 
with stops in non-final position) (Suen and Beddoes, 1974). Figures for alveolar 
stops include those which in two word pairs were flapped.
$ not flapped
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Table 2.1.5c. Duration of word-initial obstruents in English 

Study Consonants Difference ratio [-v] /[+v] format
(msec)

a) before a stressed vowel

Malécot 
(1968)

Warren &
Mackler
(1968)

p b t d k g f v s  p - b  - 36 
t — d = 32 

 ̂ k - g  = 48

f -  V = 28 
s -  z = 22

p b t d f v s z stops: 2 .0  

fric.: 25.6

Lisker(1972) p b t d k g  -12

1.17
1.15
1.24
1.14
1.10

0.98
1.20

isolation

sentence-
medial

Flege & Port p b t d k g  
(1981)

Flege &
Brown
(1982b)

p b

Stathopoulos p b t d k g
& Weismer
(1983)

b) before an unstressed vowel

Malécot
(1968)

Stathopoulos p b t d k g
& Weismer
(1983)

* no figures given

p - b = -3 
t - d = - 4  

k - g  = 1

15

p — b — —7
t -  d = -9 
k - g = - ^

p -  b = 31

t -  d = 36 
k -  g = 37

f - v =  12 
s -  z = 11

p -  b = 0
t -  d = 5 
k - g  = 6

1.18
1.21

1.23
1.07 
1.06

1.00
1.06
1.08

sentence-
medial

sentence-
medial

sentence-
medial

isolation

sentence-
medial
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Table 2.1.5d. The duration of vowels before [-voice] and [+voice] consonants in 
word-final position in English (vowels are stressed unless otherwise stated).

study

House &
Fairbanks
(1953)

vowels consonants difference ratio context 
* (msec) [+v]/[-v]

i e æ a o  p b t d k g f  79 

u V s z m n

1.45

Peterson & i i e i e æ o  p b t d k g f  stops: 96 1.52

Lehiste (1960) a o o u u u  v s z j g  ^43 ^.65

au Qi 01

House (1961) i i e e æ o ^  p b t d k g f  ^40

Q A O O U  v O Ô S Z t J

u d3

Port (1981)

Flege & Port 
(1981)

Santerre & 
Suen (1981)

1 1

æ

pb

pbtdkg

A Q 0 o u  Ü 

U QÜ QI

i = 36 

1 = 31

p/b29 
t/d25 

k/g 42

i i e i e æ  p b t d k g  p/b51
t/d 68

k/g 48

1.82

1.32

1.38

1.22
1.14
1.26

1.31
1.42
1.30

isolation

sentence-
medial

isolation

sentence-
medial

sentence-
medial

sentence-
medial

Luce & i I a
Charles-Luce
(1985)

van Summers a æ 
(1987)

p b t d k g  55

p b f v 41 t

* /t, d/ not flapped
t  stressed and unstressed vowels combined.

1.45 phrase-final 
& non-final

1.26 sentence- 
medial
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2.2 PERCEPTION OF THE VOICING CONTRAST

In this section I will discuss the evidence that the parameters described above, 
closure voicing and consonant and vowel duration, function as perceptual cues.
Most of the evidence is related to English and is therefore reviewed first (2.2.1). The 
perceptual value of these parameters in other languages is discussed in the following 
section (2.2.2).

2.2.1 English

2.2.1.1 VOICING AS A PERCEPTUAL CUE

It is generally accepted that the presence of voicing during a constriction is a strong 
cue to a [+voice] consonant. The addition of full closure voicing to a naturally 
produced [-voice] stop has been found to result in a [+voice] percept, in both 
intervocalic position (Lisker, 1978a, b; Port, 1979) and word-final position 
(Raphael, 1981). When the duration of voicing was varied (Lisker 1978b), the 
crossover from /p/ to /b/ was obtained with 40 msec of voicing in the case of a 
closure of 80 msec.

These results indicate that the presence of full closure voicing is a sufficient cue to a 
[4-voice] stop in English, overriding all [-voice] cues naturally present in the signal. 
The presence of a long period of closure voicing in an original word-final [4-voice] 
stop also completely counteracts vowel shortening introduced as a cue to a [-voice] 
stop (Hogan and Rozsypal, 1980).

The evidence that consonantal voicing is a necessary cue to a [4-voice] stop is more 
mixed. In their study of word-final stops, Hillenbrand, Ingrisano, Smith and Flege
(1984) found that editing out closure voicing alone (from a naturally produced 

[4-voice] stop) was not sufficient to result in a [-voice] percept, and conclude that 
closure voicing is not necessary for a [4-voice] percept. Similar results were obtained 

by Lisker (1957) and Port (1979) in the case of intervocalic bilabial stops.

Other studies show that the absence of voicing alone can be sufficient to change a 
percept to [-voice]. This result was obtained by editing out all the closure voicing 
from original [4-voice] intervocalic stops (Lisker, 1978a, 1978b) and word-final 
stops (Raphael, 1981) (although Raphael found the inclusion of even a small section 
of closure voicing (of 11-13 msec) was sufficient to significantly decrease /k/ 
responses).
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Similar variation between studies is found where not only closure voicing but also 
stop bursts have been edited out, thus removing in addition information contained in 
the closure duration and the stop burst. A [-voice] percept was achieved in some 
experiments (Wolf, 1978; Wardrip-Fruin, 1982). However, no detrimental effect on 
identification of word-final [+voice] stops was found in others (Revoile, Pickett, 
Holden and Talkin, 1982; Flege, 1989’°). Moreover, Revoile et al. found that even 
with vowel duration neutralised in addition, a [+voice] judgment was still given.

As all the above studies used natural rather than synthesised tokens, a likely 
explanation for the difference in the results obtained is variation in the strength of 
other cues in the tokens used. Such a difference between tokens was found by Lisker 
(1978a). In addition, variability between listeners is apparent (Raphael (1981), for 
example).

In summary, it would seem that absence of voicing may not be as strong a cue to a 
[-voice] percept as the presence of voicing is to a [+voice] percept. However, even 
if a [+voice] percept can still be achieved when all closure voicing is edited out, it 
should not be concluded that such a token is as acceptable as one with closure 
voicing. Flege (1989) presents evidence that English adult listeners preferred word- 
final /d/’s which were produced with closure voicing (filling on average 75% of the 
closure) over those which were not.

The fact that the absence of closure voicing does not consistently override all other 
cues as a cue to a [-voice] percept allows for experimentation to examine whether 
other characteristics such as consonant and vowel duration can act as cues to the 
voicing contrast. In the following sections, which examine consonant and vowel 
duration as cues, the majority of the studies use stimuli with little or no consonantal 
voicing.

2.2 .1 .2  CONSONANT DURATION

There is evidence, from experiments using both edited natural speech and synthetic 
stimuli, that consonant duration can function as a cue to the contrast in English. 
Much of the evidence concerns stops. Altering the closure duration has been found 
to lead to a change in percept, both when an original [-voice] stop has been 
shortened (Lisker, 1957, 1978a, 1978b; Parker, Diehl and Kluender, 1986), and 
when an original [+voice] stop with closure voicing edited out has been lengthened

by the normally hearing English adult listeners in these studies. This applies to all references to 
these studies below.
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(Lisker, op cit.; Port, 1978, 1979; Raphael, 1981; Price and Simon, 1984). All 
studies examined intervocalic stops, with the exception of Raphael, who 
investigated stops in word-final position.

In a series of experiments using synthesised stimuli with silent closures, Liberman, 
Harris, Eimas, Lisker and Bastian (1961) found the boundary between an 
intervocalic /p/ and /b/ to be at approximately 70 msec of silent closure duration: 
both crossovers on the identification functions and discrimination peaks occurred at 
that point. In the case of naturally produced [-voice] stops, a similar crossover point 
was found by Lisker (1957) and (approximately, judging from response curves 
given) by Parker et a i. Lisker found, however, that the crossover point in the case of 
an original /b/ stop was at a greater closure duration value (approximately 105 
msec), the difference in the results indicating the strength of the other cues present 
in the original tokens.

This factor is apparent in a later study (Lisker, 1978b), where in order to achieve a 
/b/judgment an original /p/ closure had to be reduced to a duration (30 msec) much 
less than that found in the production of a /b/. In addition, closure duration as a cue 
was found to be less strong in the case of velar stops (Lisker, 1981), where category 
changes were achieved only at extreme values: for example, an original /k/ received 

a greater than 50% /g/ response only when the silent hold phase was reduced to 0 

msec.

Stop closure duration has not been used as a cue at all by listeners in some studies. 
Revoile, Pickett, Holden and Talkin (1982) found identification was only slightly 
impaired when the closure duration cue, together with preceding vowel duration, 
were “neutralised” (durations being between those appropriate for [+voice] and 
[-voice] stops). Similarly, Hillenbrand et al. (1984) found that deletion of the stop 
burst (and thus also closure duration information), in addition to deletion of closure 
voicing, did not affect the perception of voiced stops. In both these studies, the 
absence of stop closure duration information did not affect voicing judgments.

The above evidence concerns stops only. Naturally produced voiceless frication 
intervals have also been altered to achieve a category change, in word-initial 
position (Cole and Cooper, 1975) and word-final position (Denes, 1955; Flege and 
Hillenbrand, 1984), although Soli (1982) found frication duration to be only a weak 
cue. In the case also of (synthesised) fricatives containing some voicing at the start, 
decreasing the duration of frication increased [4-voice] judgments (Derr and 
Massaro, 1980). In most of these studies the fricative pair Isl-lzl alone was used.
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although Cole and Cooper found a category change in the case of /f/-/v/ and 

/tj/-/d3 / also.

Jongman (1989) found consonant duration to be a very weak cue in the case of 
word-initial fricatives: over all fricatives, an 83% correct identification for voicing 
was obtained when only the first 20 msec of a fricative was presented to listeners. 
However, these were naturally produced stimuli with no further editing carried out: 
the results thus show the effect of all other cues, except duration, present in the 
signal.

As noted above in section 2.2.1.1, the presence of consonantal voicing is a strong 
cue. In stimuli where stop closure duration has been changed without deleting full 
closure voicing, a [+voice] judgment, perhaps not surprisingly, still results, in the 
case of both intervocalic and word-final stops (Lisker, 1978b; Port, 1979; Raphael, 
1981).

An apparent exception to the evidence that consonantal voicing is a strong cue is a 
preliminary experiment on word-final fricatives carried out by Denes (1955). He 
states that a natural /z/ apparently with a harmonic spectrum throughout “sounded 
clearly [to the author] as an unvoiced 5” (p 761) when it was lengthened by a factor 
of three, and concludes that “it does not much matter whether the spectrum of the 
final consonant is harmonic or inharmonic” (p 762). No indication is given, 
however, of the amplitude of the voice bar. Lisker (1978b) found that voicing 
needed to be of a certain intensity to be effective as a cue to a /b/: not less than 
(approx.) -35dB relative to the preceding vowel.

In summary, stop closure and fricative duration can be used as a cue by listeners, but 
only (with the exception of Denes’ study) where there is no closure voicing. Even 
then, it can be the case that it functions only as a weak cue, its importance 
dependent at least in part on the strength of other cues in the signal.

2.2.1.3 VOWEL DURATION

The importance of vowel duration in distinguishing [+voice] and [-voice] obstruents 
in production in English suggests that it would also be of importance in the 
perception of the contrast. Klatt (1976) lists vowel duration as a primary cue to the 
contrast; and suggests further that, in view of the fact that “many English speakers 
devoice postvocalic voiced fricatives” (p 1219), a change may be occurring in 
English towards a situation where the primary cue for the voicing contrast is the 
vowel duration (or the vowel-to-consonant ratio, discussed below in section 2.2,4).
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Evidence from a large number of identification experiments suggests that preceding 
vowel duration^' can function as a perceptual cue in English. Discrimination 
experiments also show vowel duration to be used as a cue by both adults and infants 
(Eilers, Oiler, Urbano and Moroff, 1989).

Identification experiments have involved both natural edited speech (O’Kane, 1978; 
Williams and Sharf, 1979; Raphael, 1981; Fitch, 1981; Soli, 1982; Repp and 
Williams, 1985) and synthesised or partially synthesised stimuli (Denes, 1955; 
Raphael, 1972; Raphael, Dorman, Freeman and Tobin, 1975; Mermelstein, 1978; 
Raphael, Dorman and Liberman, 1980; Flege and Hillenbrand, 1986; Fischer and 
Ohde, 1990). In most cases the obstruent was word-final, although Fitch examined 
intervocalic stops, and Repp and Williams syllable-final stops in an intervocalic 
cluster.

Increasing the duration of a vowel before a [-voice] obstruent increases the number 
of [+voice] responses, in the case of stops (Williams and Sharf; Fischer and Ohde) 
and of fricatives (Denes; Soli; Flege and Hillenbrand).

However, listeners’ responses depend not only on vowel duration but other cues 
also. Raphael (1972) reports that when cues other than vowel duration were 
appropriate to a [-voice] obstruent, the vowel duration needed to achieve a [4-voice] 
percept was longer than in stimuli where the other cues also signalled a [4-voice] 
obstruent. In addition, in edited naturally produced speech, judgments depend to a 
certain extent on the origin of the stimulus: a greater number of [4-voice] responses 
being given to stimuli which were derived from a [4-voice] stop than those deriving 
from its [-voice] counterpart (Repp and Williams), indicating the strength of other 
cues in the original signal.

The strength of the vowel duration cue relative to these other cues varies between 
studies. It has been found to be a sufficient cue in some conditions. For example, 
Raphael (1972) found it overrode the other cues which were varied in the obstruents 
and obstruent clusters (FI transition, and, in the case of fricatives, the presence of a 
voicing bar and the duration of frication). This was the case for both voiced and 
voiceless obstruents: a short vowel duration signalled a [-voice] obstruent, a long 
vowel duration a [4-voice] obstruent.

' ' Although the cue is usually referred to as preceding vowel duration, there is evidence that the 
relevant temporal interval includes the duration of the consonant-vowel transition (Raphael et al, 
1980; Fitch, 1981), and that the relative durations of vocalic nucleus and a preceding semivowel are 
also important (Soli, 1982). In vowel 4- nasal + stop sequences the duration of both the vowel and the 
nasal have an effect on perception of the contrast (Raphael et al,  1975).

61



A later study, however, (Raphael, 1981) showed a shortened vowel to be overall a 
“moderately effective” cue to a [-voice] stop, but not achieving more than 66% 
[-voice] responses. In this study, edited natural tokens rather than synthesised 
stimuli were used. Other cues, including full or nearly full closure voicing, were as 
for the original tokens: the strength of these, either individually or in combination, 
possibly accounted for the smaller degree of effectiveness of the vowel duration cue 
here.

Hogan and Rozsypal found vowel duration to be a weak cue before final fricatives, 
stops and obstruent clusters. With a final [-voice] obstruent, lengthening the vowel 
resulted in a category change for only three out of 24 pairs. Shortening the vowel 
before a final [+voice] obstruent achieved a category change in nine pairs. The 
duration of the voicing bar was found to be the most important cue.

The presence of closure voicing therefore appears to reduce the effectiveness of 
preceding vowel duration as a cue. This is also evident in Wardrip-Fruin’s results, 
where a shortening of the vowel before [+voice] stops by 33% (leaving final 
transition and closure voicing intact) had little effect, resulting in 97% [+voice] 
responses.

It is not, however, just closure voicing which may override vowel duration. Fischer 
and Ohde found FI offset frequency to be a stronger cue, vowel duration having an 
effect solely where there were minimal cues in the FI offset. In addition, in 
Wardrip-Fruin’s study, a crossover in perception was not achieved when the stop 
was [-voice] and contained no closure voicing: even doubling the duration of the 
preceding vowel only resulted in a 34% [4-voice] response.

In summary, although there is widespread evidence that vowel duration can be used 
as a cue in English, its effectiveness depends on the structure of the stimuli. Not 
only is it a weaker cue than the presence of closure voicing, but it may also be 
weaker than other cues to the contrast.

2.2.1.4 CONSONANT/VOWEL RATIO AS A CUE

The two temporal parameters of consonant and vowel duration have been discussed 
separately in the preceding sections. However, the consonant/vowel ratio has been 
modelled as a cue to the voicing contrast (Denes, 1955; Port and Dalby, 1982). 
Denes’ results indicate that the category change from /s/ to /z/ occurs at a greater 
value for vowel duration when the fricative duration is longer: in other words, when 
the fricative duration is more appropriate to an /s/, it takes a greater vowel duration
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to achieve a [+voice] percept. He interprets these results in terms of the 
consonant/vowel ratio: as the ratio decreases, the [+voice] responses increase.

In their study of intervocalic bilabial and velar stops, Port and Dalby conclude also 
that it is consonant:vowel ratio which is being used as a cue, and not consonant and 
preceding vowel duration separately. The ratio of vowel to vowel+consonant dyad is 
suggested as a cue by Barry (1979).

A cue which is a ratio would have the advantage of being potentially independent of 
tempo changes. However, the above research has found variation in the ratio at 
which percepts change. For example, the crossover was at a ratio of consonant to 
vowel of approximately 1:1 in Denes’ study of word-final fricatives, but at a ratio of 
0.4 in Port and Dalby’s examination of intervocalic stops. In addition, Barry found 
that the crossover ratio differs according to sentence position.

Moreover, in Port and Dalby’s study, the crossover values do vary according to 
speaking rate. This is perhaps not surprising in view of the fact that tempo changes 
have been found to affect consonant and vowel durations to differing extents (for 
example. Gay, 1978).

An alternative interpretation and model are put forward by Massaro, Derr and 
Cohen (Massaro and Cohen, 1983; Derr and Massaro, 1980). They suggest a 
superior analysis of the results is provided by the fuzzy-logical model of speech 
perception, in which vowel and consonant durations are evaluated separately as 
independent cues, then integrated and matched against prototypes. Results of both 
identification and rating tasks involving the word-final /s/-/z/ contrast are 
interpreted within this model.

The perception of the relationship between consonant and preceding vowel duration 
has also been modelled in terms of auditory contrast (Kluender, Diehl and Wright, 
1988). In the case of intervocalic bilabial stops, for a given closure duration a longer 
preceding vowel resulted in the closure being perceived as shorter. This effect was 
found both for edited natural speech and for square wave stimuli; the authors 
conclude that the boundary shift was due to an auditory factor, namely durational 
contrast, which is not speech-specific, and was not due to phonetic categorisation.

However, replication of the experiment by Fowler (1992) failed to show such 
durational contrast effects. On the contrary, the results of identification and 
discrimination experiments show that a longer preceding vowel resulted in an 
increase in judgments that the following closure was long rather than short.
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In summary, the relationship between the duration of a consonant and of the 
preceding vowel as perceptual cues to the voicing contrast is unclear. A single cue 
incorporating the relative durations of the two temporal intervals would be 
independent of tempo variations; but there is evidence that the ratio (or quotient) is 
not itself independent of tempo.

2.2.2 Languages other than English

As discussed in sections 2.1-3 above, both consonant and preceding vowel duration, 
in addition to vocal fold vibration, distinguish [+voice] and [-voice] obstruents in a 
large number of languages. The use of these parameters as perceptual cues has been 
investigated in a subset of these languages.

Perceptual studies have shown that all three parameters can be used by French 
listeners (Wajskop and Sweerts, 1973; van Dommelen, 1983; Saerens, Semiclaes 
and Beeckmans, 1989). Wajskop and Sweerts’ study showed that closure voicing is 
not a necessary cue to a final [+voice] stop, a [+voice] percept being achieved with 
the shortening of an original [-voice] stop together with the deletion of the final 
release. Closure duration has been found to be a cue to a [+voice] stop in 
intervocalic position also, where a [-voice] stop was shortened (Cazals and Palis, 
1991). A trading relationship between closure voicing and closure duration is 
apparent, however, in Durand’s early experiments with synthesised tokens (Durand, 
1956): a crossover to a [+voice] percept occurred with longer closure durations 
when they were silent than if a voice bar was present.

Although manipulation of a silent closure duration can result in a [+voice] percept, a 
[-voice] percept could not be cued by closure duration alone (Wajskop and 
Sweerts): the presence of a voiceless release was an essential cue.

Van Dommelen’s investigation of the complexity of cues found that preceding 
vowel duration, closure duration and the intensity of the release burst could all 
contribute to the perception of the contrast. All were overridden, however, by either 
full closure voicing or the complete absence of voicing.

The importance of the absence of closure voicing as a cue to a [-voice] stop is 
apparent also in research by Semiclaes (1987) and Saerens et al. (1989). In the 
production of intervocalic [-voice] stops, the duration of the voicing break (the gap 
between the offset of voicing at the start of the closure and the onset of voicing for 
the following vowel) is stable. In perception, the duration of this interval was found 
to be a determining factor in the correct identification of the stops.
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In Dutch stop closure voicing has been found to be an important cue. Slis and Cohen 
(1969b) note that both adding and removing a voice bar can change the percept.
Both the temporal parameters of consonant and preceding vowel duration have been 
found to be cues, in the case of single intervocalic stops (Slis and Cohen, 1969a) and 
of intervocalic obstruent clusters (van den Berg and Slis, 1985; van den Berg, 1987, 
1988). In the latter case, however, the duration of the first obstruent in the cluster 
was not used as a cue.

Kohler (1979) proposes a hierarchy of cues for the contrast in German, in which the 
temporal characteristics are more important than the closure voicing. In his model, 
the ratio of vowel to the vowel+consonant dyad is the most important (in the case of 
nasally released plosives: in other contexts aspiration is suggested as the most 
powerful cue). Using naturally produced edited stimuli which tested the IXJ-ldl 
contrast, he found the ratio to be a more important cue than formant transitions, 
which in turn were more important than closure voicing. Voicing had an effect only 
at greater values: “when its absolute length goes well above 50 msec and fills more 
than 50% of the closure” (p 342).

Lastly, the importance of closure voicing as a cue in Swedish is shown by Ohman 
(1966). Using edited natural speech, he found the presence of a voicing bar to be 
important in the correct identification of an original [+voice] stop. It was, however, 
more important in the case of bilabial and dental than alveolar and velar stops.

2.2.3 Summary

In summary, a complex of cues is apparent in a number of languages other than 
English. All three of the parameters under particular investigation, closure voicing, 
consonant duration and preceding vowel duration, can function as cues to the 
contrast in English and in a number of other languages.

There is evidence that in English some cues are more important than others: the 
presence of closure voicing being a consistently strong cue. The establishment of a 
hierarchy of cues is difficult, however, due to the fact that the effect of a particular 
cue depends on the other acoustic characteristics of the signal.

This factor also makes it difficult to compare the strength of cues in different 
languages. The presence of closure voicing certainly appears to be an important cue 
in many languages, although there is doubt over this in German. Moreover, the 
imbalance between the presence of voicing as a cue to a [+voice] consonant and the 
absence of voicing as a cue to a [-voice] consonant is apparent not only in English
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but in French also, where a short but voiceless interval can be perceived as a 
[+voice] stop. This is despite the fact that in production such stops are normally 
fully voiced, unlike their English counterparts (Laeufer, 1996).

There is evidence, however, for cross-linguistic differences in perceptual strength to 
be linked to differences in production. The presence of a release is an important cue 
to the perception of final stops by French listeners but not by English listeners 
(Flege and Hillenbrand, 1987), which is accounted for by the authors by the higher 
incidence of stop releases in French than in English. Secondly, a smaller effect of 
vowel duration on French than on English listeners’ judgments (Flege and 
Hillenbrand, 1986) is linked by these authors to a smaller vowel length effect in 
production (Mack, 1982; Laeufer, 1992, 1996) and, in their view, the consequently 
lower perceptual importance of vowel duration differences than consonant duration 
differences in French.

There is in conclusion some evidence that the relative importance of cues differs 
between languages, and that these differences may be accounted for by differences 
in the production of the voicing contrast.
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2.3 NEUTRALISATION OF THE VOICING CONTRAST

Neutralisation of the voicing contrast takes place in several contexts. Particularly 
common cross-linguistically are the devoicing of final obstruents^^ and voicing 
assimilation in obstruent clusters. The flapping of intervocalic /t/ and /d/ in General 
American is a further well-known example.

There is evidence in many cases that the contrast may be maintained by one or more 
of the temporal and spectral parameters associated with the voicing contrast 
discussed above. This evidence would indicate, as discussed in the introduction, that 
the occurrence of these so-called secondary characteristics is not wholly dependent 
on the presence or absence of vocal fold vibration, but they can, in some 
circumstances at least, function independently.

Final devoicing is examined in section 2.3.1; the possible maintenance of the 
contrast in other contexts is discussed in the following sections.

2.3.1 Final devoicing

The devoicing of final obstruents is a widespread process: it occurs, for example, in 
German (Charles-Luce, 1985; Port and O’Dell, 1985; Brockhaus, 1990), Dutch 
(Slis, 1984; Jongman, Sereno, Raaijmakers and Lahiri, 1992), Polish (Slowiaczek 
and Dinnsen, 1985; Jassem and Richter, 1989; Bethin, 1984), Slovak (Short, 1990), 
Catalan (Dinnsen and Charles-Luce, 1984; Mascaro, 1987), Turkish (Komfilt, 1990) 
and Ojibwa and Wolof (Kaye, 1989). It also occurs as an optional process in North- 
Central Peninsular Spanish (Gonzalez, 2002). Such devoicing has been seen as “part 
of a larger trend to fewer segments and contrasts in final position” (Keating, Linker 
and Huffman, 1983: 278). Dinnsen suggests, however, that constraints on 
inventories may not always be reflected in every respect by constraints on 

processes: for example, although /g/ is cross-linguistically marked compared to /b/

and /d/ for reasons arising from difficulties in the maintenance of voicing, 
phonological rules of final devoicing are not found to be sensitive to place of 
articulation (Dinnsen, 1980).

The domain over which the process occurs appears to differ across languages. 
Devoicing is described as syllable-final in German (Port and O’Dell; Charles-Luce),
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Dutch (Slis; Jongman et al.) and Turkish (Komfilt) and as phrase-final in Polish 
(Jassem and Richter; Keating et a i, 1983). There is apparent disagreement over the 
relevant domain in Catalan, the process being described as both phrase-final 
(Dinnsen and Charles-Luce) and word-final (Mascaro).

Such devoicing is traditionally seen as a case of neutralisation of the contrast 
between underlying [4-voice] obstruents, which are devoiced, and their underlying 
[-voice] counterparts. However, studies of German, Catalan and Polish suggest that 
a contrast may be maintained by one or more of the parameters relevant in the 
voicing contrast elsewhere. These parameters include the duration of the 
consonantal closure or frication, the preceding vowel and the voicing during the 
consonant.

German

Much of the evidence comes from German (Mitleb, 1981; Port, Mitleb and O’Dell, 
1981; O’Dell and Port, 1983; Charles-Luce, 1985; Port and O’Dell, 1985; Port and 
Crawford, 1989). Stressed vowel duration is consistently found to differentiate 
underlying [4-voice] and [-voice] obstruents (although no difference was found by 
Dinnsen and Garcia-Zamor (1971) (reported in Dinnsen, 1985).) Differences are not 
large, however: the largest difference reported by Charles-Luce, in clause-final 
position before a vowel, is a difference of 11 msec (4%). Port and O’Dell found 
vowels (and in some pairs, vowel 4- sonorant sequences) to be 15 msec shorter 
before [-voice] stops than before their [4-voice] counterparts. Mitleb found a larger 
difference but one which was still smaller than that found in intervocalic position in 
the same study: vowels preceding underlying [-voice] stops were 13% (23 msec) 
shorter in word-final position, but 18% (34 msec) shorter in intervocalic position.

Contexts in which a vowel duration difference was found were limited: Mitleb 
found a difference before stops but not before fricatives; Charles-Luce, on the other 
hand, found a difference before /s-z/ but not /t-d/. The latter study showed that the 
durational difference was further limited by syntactic context: a difference was 
found in clause-final but not clause-medial position.

A second parameter which has been found to differentiate [4-voice] and [-voice] 
obstruents is the duration of glottal pulsing into the consonant. All the above studies, 
with the exception of Port and Crawford, found small but significant differences (of

As discussed below, the domain over which the process occurs varies between languages. I will 
therefore refer to the process as final devoicing.
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approximately 5 msec). Again, however, Charles-Luce found the occurrence of a 
contrast was limited to certain contexts: in clause-final (and not clause-medial) 
position where the following word began with a consonant (and not a vowel).

A third parameter found to differentiate the two groups of obstruents in intervocalic 
position is duration of the obstruent itself (section 2.1.2 above). Evidence that it is 
relevant in final position also is weak, however. No difference was found in either 
stop or fricative duration by Mitleb, Port et al. or Charles-Luce. Port and O’Dell 
comment that [+voice] stops were “generally somewhat shorter” but the difference 
was only “marginally significant” (p 460). However, Port and Crawford, using 
discriminant analysis, found that stop closure duration did contribute information to 
the underlying voicing of an alveolar stop.

The fourth parameter found in many of these studies is the duration of noise 
associated with the stop burst (O’Dell and Port; Port and O’Dell; Port and 
Crawford), a difference that has been found also in intervocalic position (van 
Dommelen, 1982). The duration was greater in the case of underlying [-voice] stops 
compared with the de voiced [+voice] stops; indeed Port and Crawford found this to 
be the parameter contributing most to the distinction between the two groups.

In addition to the production data described above, there is some evidence that a 
perceptual cue or cues to the underlying contrast remain in the signal (Port et a l, 
1981; O’Dell and Port, op.cit.; Port and Crawford, op.cit.). Port et al. report that, 
when devoiced and voiceless tokens were played to German listeners, correct 
identification was 70% (“significantly better than chance” (p S I3)). Port and 
Crawford report a similar percent correct identification score (69%) for the 
perception of underlying /t/ and /d/, and conclude, from statistical analyses which 
correct for listener bias towards a [-voice] response, that listeners’ performance was 
significantly better than chance. Likewise, Port and O’Dell found listeners’ 
performance to be “significantly better than chance” (p 463), and, from multiple 
regression analysis, that the duration of the release aspiration and of the vowel (and 
vowel+sonorant sequence) were the factors which determined the responses. They 
conclude, however, that the difference “could not very plausibly serve a major 
communicative function” (p 464).

Polish

In Polish also temporal variables may distinguish word-final underlying [-voice] 
and [4-voice] obstruents in production (Slowiaczek and Dinnsen, 1985); and 
listeners have been found to identify a proportion of the consonants which was
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better than chance (Slowiaczek and Szymanska, 1989). Slowiaczek and Dinnsen 
found a significant effect of underlying voicing on vowel duration preceding stops, 
fricatives and affricates for four out of five speakers, vowels before [+voice] 
obstruents being 10% longer overall than those before their [-voice] counterparts. 
This difference in vowel duration is particularly interesting given the fact that in 
intervocalic position (where [+voice] obstruents are produced with vocal fold 
vibration) preceding vowel duration has been found not to distinguish [+voice] and 
[-voice] obstruents, whereas stop closure duration does (Keating, 1980).

One of these four speakers also showed a significant difference (of 11 msec) in 
consonant duration. In addition, this speaker and two others showed a significant 
difference in the duration of vocal fold vibration between the two groups of 
consonants. The contrast was maintained for all five speakers but by means of 
different acoustic parameters, with one speaker using vowel duration but not vocal 
fold vibration.

Catalan

Variation between individual speakers is apparent also in Catalan'^ (Dinnsen and 
Charles-Luce, 1984), where stop closure duration was found to differ in the case of 
one subject. The difference, however, was in the opposite direction to that expected: 
[+voice] stop closures were 15% longer than their [-voice] counterparts.

One other subject showed an indirect effect of underlying voicing on the contextual 
shortening of vowels. No main effects on vowel duration for any of the subjects 
were found, nor any differences in the duration of voicing. In a later reanalysis, 
however, based on a subset of the data*"̂  (Charles-Luce and Dinnsen, 1987), a 
difference in closure voicing was found.

Charles-Luce (1993) examined temporal variables in word-final stops subject to 
voicing assimilation (by both a following voiced and voiceless consonant). The 
duration of closure voicing into the word-final stop was determined by the value for 
[voice] of the following consonant, as would be expected. Complex effects were 
found regarding vowel duration preceding the stop, however. Where the target word 
was semantically primed by the rest of the sentence, vowel duration behaved as

Arguably (Mascaro, 1987), these results show the result of incomplete neutralisation in an 
assimilatory rather than final devoicing context, since the target words were followed by a [-voice] 
stop, which triggers voicing assimilation.

including only those tokens where the underlying representation was uncontroversial, and where 
the stop was produced with a clear release.
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might be expected: it was greater when the obstruent was voiced than when it was 
voiceless as a result of voicing assimilation. In other words, vowel duration was 
assimilated along with (presence or absence of) vocal fold vibration. Where the 
target word was not semantically primed by the context, however, the vowel 
duration was not neutralised but was determined by the underlying [voice] value of 
the obstruent, vowels before underlying [+voice] obstruents being on average 15 
msec longer than those before underlying [-voice] obstruents. This is therefore a 
case of incomplete neutralisation in particular semantic contexts.

Closure duration was not dependent on the underlying value for [voice] of the stop, 
but instead showed an effect of the following consonant which was the assimilation 
trigger. However, the difference in closure duration was in the opposite direction to 
that expected: stops before a following [+voice] consonant in the cluster were 
longer than before a [-voice] consonant. This is similar to the results found by 
Dinnsen and Charles-Luce in their 1984 study.

No information is given in either study as to the duration of [+voice] and [-voice] 
obstruents in non-neutralising positions. If it is the case that in Catalan, as in other 
languages, [4-voice] obstruents are shorter than [-voice] ones, then these results in 
the assimilating and neutralising positions are as difficult to explain as those in 
Polish above, where a difference not found in intervocalic position was found in the 
neutralising position.

There is some evidence from three languages, therefore, that the parameters of 
consonant, preceding vowel and consonantal voicing duration may distinguish 
underlying word-final [4-voice] and [-voice] obstruents in production. In many 
cases, a difference in vowel and/or consonant duration is accompanied by a 
difference in voicing, thus weakening the case that these temporal variables can 
function independently of phonetic voicing (although it is not possible to investigate 
individual tokens to see whether vocal fold vibration and a consonant and/or vowel 
effect cooccur at this level). Voicing duration alone differentiated consonants in 
certain cases: this applied to fricatives in Mitleb’s study and stops in Charles-Luce’s 
study.

The differences in voicing duration are, however, very small. In addition, there are 
some cases where differences in vowel or consonant duration occurred in the 
absence of a distinction in consonantal voicing duration: in one study in German
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(Port and Crawford)^^, and in the case of some speakers in Polish (Slowiaczek and 
Dinnsen). In Catalan, vowel duration appears to distinguish underlying [+voice] and 
[-voice] stops although vocal fold vibration does not.

Blumstein (1991) interprets such evidence of incomplete neutralisation as 
confirmation that a phonological rule of neutralisation does indeed exist as an 
internalised process for the speaker, its phonetic implementation showing both inter- 
and intra-speaker variation.

Other researchers have, however, thrown doubt on the existence of incomplete 
neutralisation. Aside from disagreements on underlying representations (in German: 
Fourakis and Iverson (1984); in Catalan: Mascaro (1987)), the main criticism is of 
the validity of interpreting these results as applying to real speech outside the 
experimental context. Fourakis and Iverson (1984) found no overall difference in a 
non-reading task in German. As the underlying distinction is represented in the 
orthography, they conclude that positive results obtained in a reading task and in 
previous studies are due to unnatural orthographic pronunciation. A similar 
conclusion is reached by Jassem and Richter (1989) with regard to Polish: the small 
difference in vowel duration they found was due to unnaturalness in the context of 
the elicitation task.

Such arguments have been countered by Port and Crawford, who found a difference 
in the two categories of obstruent even in utterances which were not read. In 
addition, in Catalan the underlying distinction is not represented in the orthography 
(although even here Mascaro suggests that speakers in Dinnsen and Charles-Luce’s 
study may have been influenced by the spelling in Spanish glosses). The issue of 
orthographic pronunciation and artificiality in general is discussed in more detail in 
section 3.10 below (Discussion of Production Results).

The maintenance of a voicing contrast has not been found in all languages where a 
final devoicing process applies. In a preliminary acoustic study of syllable-final 
devoicing in Dutch, Jongman et al. (1992) found no difference in the duration of 
either closure or of the preceding vowel. In Dutch, at least, the neutralisation of the 
voicing contrast appears to be complete.

no consonantal voicing measurements are reported by Charles-Luce (1984) in the case of 
fricatives, which showed an effect of vowel duration.
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2.3.2 Flapping in American English

The flapping of post-stress intervocalic IXJ and /d/ in American English provides a 
further example of neutralisation of the voicing contrast. The alveolar flaps are often 
found to be phonetically voiced (produced with vocal fold vibration): for example, 
Zue and Laferriere (1979). When voiceless flaps are produced, the presence or 
absence of vocal fold vibration has been found not correspond to whether the stop is 
underlyingly [+voice] or [-voice] (Fox and Terbeek, 1977).

These studies and others (Sharf, 1962; Fisher and Hirsh, 1976) have found small but 
significant differences in the duration of vowels preceding flapped /d/ and /t/. For 
example, Zue and Laferriere found vowels to be 8 % (9 msec) longer before flapped 
/d/ than /t/, a difference which although small was highly significant. Sharf (1962) 
also found a 9 msec difference.

In these studies the vowel duration difference relates to the underlying voicing: Zue 
and Laferriere found both groups of flaps to be voiced. In addition. Fox and Terbeek 
found no significant vowel duration difference between those flaps produced with 
vocal fold vibration and those not.

The occlusion duration of the flaps themselves has been found to be the same, 
although Fisher and Hirsh suggest flapped /t/ may be shorter than flapped /d/. The 
results from these four studies suggest therefore that vowel duration can maintain 
the contrast between underlying /t/ and /d/ in the absence of differentiation either by 
consonant duration or vocal fold vibration.

The vowel duration effect was, however, smaller than that found in a non
neutralising context (as was the case with final devoicing above). This has led to the 
suggestion (Fourakis, 1984) that the maintenance of the contrast is not as a result of 
rule ordering but of an incomplete neutralisation process which has as its domain the 
word rather than the segment.

The effect, moreover, has not been consistently found: Sheldon (1973) found no 
difference in vowel duration before flapped /t/ and /d/ in writer and rider. Laeufer 
(1992) found vowels before /t/ to be shorter (by 29 msec) than before /d/ when /t/ 
was realised as a voiceless flap but not when it was realised by a voiced flap. In this 
study, at least, the vowel duration effect, although present, is dependent on the 
presence or absence of vocal fold vibration.

Underlying /t/ and /d/ when flapped were found to be perceptually distinct by Sharf 
(1960) and Fisher and Hirsh, but not by Malécot and Lloyd (1968).
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2.3.3 Temporal variables in the absence of voice production

There is evidence that temporal variables maintain a contrast in production in the 
absence of vocal fold vibration. In whispered speech, a durational difference has 
been found in English in stop closures (Schwartz, 1972) and in preceding vowels 
(Sharf, 1964), and in stop closures and fricatives in Dutch (Slis and Cohen, 1969a).

Vowel length differences have been found also in oesophageal speech (Candour, 
Weinberg and Rutkowski, 1980), where vowels before [+voice] stops were 74% 
longer than before [-voice] stops.

2.3.4 Summary

There is in conclusion some evidence that distinctions in the temporal variables of 
consonant and preceding vowel duration, which have been found to accompany a 
distinction in vocal fold vibration, may also be able to function independently to 
distinguish [+voice] and [-voice] consonants. This evidence comes from cases of 
phonological neutralisation (mainly final devoicing and flapping) and of non-voiced 
speech.

The question therefore arises whether this is the case in Russian also: if temporal 
parameters are found to distinguish [+voice] and [-voice] in intervocalic position, 
can they also do so in final position where the contrast is neutralised.
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2.4 RUSSIAN

In this section I will first present a brief outline of the phonological structure of 
Russian with regard to voicing. The following section (2.4.2) presents research on 
the temporal and spectral characteristics of [+voice] and [-voice] consonants in 
Russian in non-assimilatory positions (mainly in intervocalic and word-initial 
position). The last section (2.4.3) discusses the phonetic implementation of word- 
final devoicing and voicing assimilation.

2.4.1 An outline of the phonology of voicing in Russian

The structure of the voicing contrast can be briefly described as follows (Jones and 
Ward, 1969; Matusevich, 1976; Bondarko, 1977; Panov, 1979; Hamilton, 1980; 
Holla, 1981; Avanesov, 1984; Comrie, 1990; Timberlake, 1993).

In Russian there are, according to a classical phonemic analysis (for example, 

Avanesov, 1984), 5 pairs of [4-voice] and [-voice] stops: /p, b, t, d, k, g/ and the

palatalised /p*, y , f , dV̂  ̂and 6  pairs of [4-voice] and [-voice] fricatives: /f, v, s, z,

J, 3 / and the palatalised / f ,  v-", s \ z"/. There are in addition four further phonemes

with no [4-voice] counterpart^^: /x/, /ts/, /tj/ and

A contrast between [4-voice] and [-voice] obstruents occurs in word-initial and 
intervocalic positions, for example:

[p'if] to drink [b^if] to beat

[luko] onion (Gen.sg.) [lugs] meadow (Gen.sg.)

[k*], [g*] and [x̂ J also occur. They occur, however, only before the vowels /i, e/ (where [k] [g] and
[x] do not), the few exceptions being in loan words or proper nouns apart from [tkfot] weaves. They 
are therefore regarded by, for example, Avanesov (1984), Panov (1979) and Timberlake (1993) as 
allophones of /k/, /g/ and /x/ respectively; this study follows this analysis. Comrie (1990) treats [kf], 

[g  ̂and [x̂ ] as separate phonemes, although notes their marginal status; Jones and Ward (1969) take

the same view, but only in the case of [k̂ ].
All of course participate in the process of voicing assimilation, regardless of the status, in the 

classical phonemic model, of the resulting voiced phone (Halle, 1959).
pronounced by some speakers [ft'f], which is analysed by Jones and Ward as /J/ 4-  /tj/. 
an additional phoneme /3 :̂/ is characteristic of “the old Moscow standard pronunciation” 

(Avanesov 1984: 180), but has been replaced for most speakers by a non-palatalised [3 :] (i.e. /3-1-3 / 
(Jones and Ward).
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[kosi] plaits (Nom.pl.) [kozi] goats (Nom.pl.)

In word-final position, [4-voice] obstruents are devoiced, as in the following 
examples:

/lug/ [luk] meadow (Nom.sg.) /koz/ [kos] goats (Gen.pl.)

They are, according to textbook accounts (for example, Avanesov), taken to be 
identical to the underlying [-voice] counterparts, as in:

/luk/ [luk] onion (Nom.sg) /kos/ [kos] plaits (Gen.pl.)

Word-final devoicing applies also to obstruents which follow [4-sonorant] 
consonants:

[stAlba] column (Gen.sg.) [stolp] column (Nom.sg.)

and to obstruent clusters:

[zvhzda] star (Nom.sg.) [zv-'ost] stars (Gen.pl.)

Sonorants, all of which are [4-voice], remain phonetically voiced in all positions, 
including word-final position^.

In intervocalic and word-initial obstruent clusters, there is right-to-left spreading of 
the [voice] feature to all obstruents in the cluster:

[lodok] boats (Gen.pl.) [lotka] boat (Nom.sg.)

[prAshf ] to ask [proz^bo] request

Indeed, the devoicing of word-final clusters can be analysed as devoicing and then 
spreading of [-voice] (for example, Hayes, 1984).

Such spreading is an active process, occurring in “conversational speech style” 
when a vowel has been elided (Panov, 1979). Some examples given are (with the 
author’s transcriptions):

podozhdi [Wa^dT] (citation form [p9dA3 dh])

76



prosto zamerzli [prozd zam-'orz^Pi] (citation form [prosto zAm-’orz^Pi]) 

(Panov 1979: 222)

Sonorants do not undergo voicing assimilation, nor do they trigger it. They do not, 
however, block it, but appear to be transparent to it (Jakobson, 1978; Halle and 
Vergnaud, 1981; Hayes, 1984)^’

s nravouceniem [snr] with a moral admonition

but

s rdejuscim rumjancem [zrd] with a glowing colour

(Jakobson 1978: 108; with author’s transcriptions)

but
o[t] nravov

o[d] mgly

be[z] nravov

from morals

from fog 

without morals
but

be[s] mstitel’nosti without vindictiveness
(Halle and Vergnaud 1981: 14; authors’ transcriptions)

The behaviour of /v/ and /v’/ is complex. In brief, these [+voice] fricatives function 
as other obstruents in undergoing final devoicing and the spreading of [-voice]; but 
function as sonorants in that they do not themselves trigger voicing assimilation.

As can be seen by the above examples, the domain of voicing assimilation is larger 
than the morphological word, and includes not only prepositions but also clitics, as 
in examples given by Halle (1959):

[mok] (he) was getting wet 

feetp] to bum

[mog bi] 

[3ed3j bi]

were he getting wet 

were one to bum

They can optionally devoice, however, in certain circumstances: for example, when word-final 
after a [-voice] obstruent: [Asmotr] (inspection) (Jones and Ward, 1969).

Sonorants can optionally become syllabic (Reformatskij, 1971): for example, oktjab[rj]skij. In 
such cases, according to Hayes (1984) the [+/-voice] feature does not propagate across the sonorant. 
^^Word-final sonorants do block this spreading, however. In the following examples, the obstruent 
preceding the sonorant does not assimilate voicing to the enclitic-initial obstruent: 
to\[st]a. (stout) tol[zd] ze but mi[sf] (thought) mi[sŸ]ze
zve[zd]a (star) zve[st] to but zi[zn"] (life) zi[zrf] to
(examples from Halle and Vergnaud 1981: 15; authors’ transcriptions)
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Voicing assimilation is found across other word boundaries also, within the 
“phonemic phrase” (Halle, 1959), “when two words are closely bound” (Jones and 
Ward 1969: 198).

Houlihan (1979) suggests voicing assimilation in Russian occurs across word 
boundaries in “casual speech” but not in “slow speech”. Wells (1987), however, 
found widespread assimilation in texts read “fairly deliberately” (172). This 
assimilation occurred particularly across verb+(non-nominative) complement and 
verb+adverb boundaries. It was to some extent affected by the semantic content of 

the verbs ([budht] (will be), for example, showing more assimilation to a following

complement than [prbvrApiajit] (will turn into)).

The question of the phonological domain for devoicing is complex and is linked to 
voicing assimilation. In Russian the domain of final devoicing is not the syllable 
(unlike, for example, German and Dutch: section 2.1.3 above). Thus the /d/ in

['podlij] (mean) is not devoiced, and contrasts with /t/ in, for example, ['atlas]

(atlas).

Devoicing is not only utterance-final: Avanesov explicitly states that final devoicing 
happens not just before a pause but elsewhere, for example:

/m-’ed-’v-’edV bear 

medve[t  ̂ rjychit’

bear growl-IMP-3SG
(the bear is growling)

/l-'ubovV love

ljubo[f’ v^Jery

love truth-GEN
(love of the truth)

(Avanesov 1984: 132-3)

/gr^ib/ mushroom

gn[p ejtot xoroshij

mushroom this good
(this mushroom is good)
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Further examples are:

/golub*/ [golupj] (pigeon)

[golup* etovo tJilAv^eko]

pigeon this-GEN man-GEN
(this man’s pigeon)

[golup* mojivo brats]

pigeon my-GEN brother-GEN
(my brother’s pigeon)

(Jones and Ward 1969: 95-96)

In all these cases, the following segment would not trigger voicing assimilation. 
Examples from Kozhevnikov and Chistovich (1965) show that where the segments 
are obstruents (which do trigger voicing assimilation), then assimilation occurs; 
otherwise the final stops are devoiced.

The word-final stops are de voiced in:

eto rod maski (this is a type of mask)
on rab nauki (he is a slave to science)

but voiced in:

eto rod bolezni (this is a type of disease)
on rab dolga (he is a slave to duty)

(Kozhevnikov and Chistovich 1965: 138; authors’ transcriptions)

Devoicing also occurs before clitics which start with a sonorant (which does not 
trigger assimilation). The following examples all involve an underlying [+voice] 
obstruent or obstruent cluster before the clitic li (whether):

zve[st] li (Halle and Vergnaud 1981: 15)
goto[f] li ty (Panov 1979: 170)

nu, ne medve[t^] li ty (Panov, op. cit.)

Devoicing thus appears to occur in final position in a word, rather than phonological 
word, phrase or utterance. The domain of final devoicing is therefore not the same 
as the domain for voicing assimilation.
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In summary, [+voice] obstruents are devoiced when they are in absolute word-final 
position (or preceding another obstruent which is voiceless or de voiced), except 
when a clitic (or other “closely bound” word) with an initial [4-voice] obstruent 
follows.

The following section (2.4.2) examines the phonetic realisation of the voicing 
contrast in non-assimilatory positions (word-initial, intervocalic and the rightmost 
position in a cluster), and section 2.4.3 examines the phonetic characteristics of 
neutralised consonants.

2.4.2 The phonetic realisation of the voicing contrast in non-assimilatory 
positions

As discussed above, a contrast between [4-voice] and [-voice] obstruents is present 
in word-initial and intervocalic positions. In word-initial position, [-voice] plosives 
are unaspirated, and [4-voice] plosives produced with voicing (Jones and Ward, 
1969). Using synthetic speech stimuli, Lisker (1976) found the crossover between a 
/b/ and a /p/judgment to be at a -10 msec VOT value {i.e. with a voicing lead of 10 
msec before the burst).

In intervocalic position, [-voice] plosives are unaspirated. The textbook view of the 
production of [4-voice] obstruents is that they are fully voiced. For example, Jones 
and Ward state with regard to plosives that:

“The Russian voiced plosive consonants (b d 4 0 Q) and the affricates dz 
and d3 appear to be fully voiced in all circumstances.”

(Jones and Ward 1969: 85)

and that

“The allophones of the phoneme d differ from the allophones of the 
phoneme t in that the vocal cords are together and vibrating throughout the 
duration of the sounds.”

(Jones and Ward op. cit.: 101)

Similar descriptions are given of the other plosives. Fricatives are again stated to be 
fully voiced:
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“In pronouncing a normal voiced fricative consonant the vocal cords are 
made to vibrate throughout the whole duration of the sound. The Russian 
voiced fricatives (v z etc) are as a rule pronounced in this way.”

(Jones and Ward op. cit.: 117)

“The allophones of the z-phoneme differ from the allophones of the s- 
phoneme in that the vocal cords are close together and vibrating throughout 
the duration of the consonant.”

(Jones and Ward op. cit.: 128)

Avanesov (1984) gives scant details of the voicing during [+voice] consonants. The 
only comments he makes are that “the production of the voiced consonants /z/, /z7 

is accompanied by voicing” (p 67), and similarly for Ẑ /.

However, partial devoicing of intervocalic [+voice] fricatives has been found (Bolla, 
1981; Derkach, Gumetskij, Gura and Chaban, 1983). Derkach et al. note a gradual 

loss of voicing during [z] in the words [vazo], [rozo], [rozi] and [koza]: indeed,

from the spectrograms given there appears to be very little voicing during the 
intervocalic fricative. In addition, they comment that the closer the “full style” gets 
to “natural speech”, the higher the incidence of devoicing.

In their investigation of voicing assimilation in intervocalic obstruent clusters. 
Burton and Robblee (1997) note that a [+voice] obstruent in the second position in 
the cluster, which would, according to the textbook descriptions, be fully voiced is 
not always. Although the presence or absence of voicing reliably distinguished 
[-voice] and [+voice] stops and fricatives in this position, there was some individual 
variation. For example, one speaker produced ZzZ with only 28% of the frication 
interval voiced.

Jakobson, Pant and Halle (1952) state that in Slavonic languages the voiced -  
voiceless opposition is distinctive whereas the tense -  lax opposition is not: “the 
tenseness feature is only concomitant and optional to a certain degree” (1952: 38). 
The voiced -  voiceless opposition is characterised by the presence or absence of 
vocal fold vibration; the tenseness feature, as discussed in Chapter 1, would be 
characterised by increased consonant duration and higher amplitude frication and 
stop bursts.

There is, however, some evidence of other acoustic characteristics differentiating 
[+voice] and [-voice] obstruents. Chen (1970) reports a vowel duration difference
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before [+voice] and [-voice] obstruents of 29 msec, the ratio (of vowel duration 
preceding [-voice] consonants to that preceding their [+voice] counterparts) of 0.82. 

However, the data analysed, consisting of 6  repetitions of 11 word pairs spoken by 
one speaker, includes a mixture of intervocalic and word-final obstruents, as well as 
stressed and unstressed vowels. Three of the word pairs contained a stressed vowel 
before an intervocalic obstruent.

Kozhevnikov and Chistovich (1965), using measurements of lip movement and 
tongue contact, found a difference in the duration of intervocalic p/b and t/d in 
nonsense words of the type tâpa tâba nâta nâda (produced by two speakers). The 
voiceless stops were longer than the voiced and the preceding vowel shorter, 
although no figures are given. They hypothesise that the difference in closure 
duration is “influenced by the greater strength of contraction of the muscles 
accomplishing the closure” in the case of the voiceless consonant (Kozhevnikov and 
Chistovich, 1965: 174).

Burton and Robblee (1997) found that frication duration differentiated /s/ and /z/ in 
the (non-assimilatory) second position in a cluster: for example, in /d + C/ clusters, 
/z/ was 6 8  msec, / s / 121 msec. There was no difference, however, between the 
closure durations of [4-voice] and [-voice] dental stops in this position.

There is some evidence of spectral differences between [4-voice] and [-voice] 
obstruents. Bondarko (1977) notes that the voicing of consonants is accompanied by 
a weakening of higher frequency noise components. Avanesov (1984) comments 
that bilabial and dental [4-voice] stops are produced with a slightly weaker burst 
noise, accompanied by voicing, than their [-voice] counterparts.

There is therefore limited evidence that the voicing contrast in Russian is 
implemented by temporal and spectral characteristics in addition to voicing. 
Evidence regarding the temporal structure of intervocalic consonants is from a very 
small number of subjects and word pairs. The present investigation of the contrast 
using a larger number of subjects and consonant pairs, using real words in different 
contexts, aims to establish whether consonant and preceding vowel duration do 
consistently differentiate [4-voice] and [-voice] consonants, and, if so, how the 
degree of difference compares with that found in other languages.
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2.4.3 The phonetic implementation of word-final devoicing and of voicing 
assimilation

The textbook description of [+voice] obstruents in word-final position is that they 
are identical to their [-voice] counterparts: for example, Avanesov (1984) describes 
the process as [+voice] obstruents being replaced by their [-voice] counterparts. 
There is limited evidence from Chen’s study (discussed in section 2.4.2) that vowel 

duration may differentiate pairs such as /luk/ and /lug/. The data, however, is limited

to one speaker reading the word pairs six times, one member of the pair after the 
other. It would therefore be likely, if speakers are influenced by the orthography 
(section 2.3), that this may be happening here.

There is evidence, however, that incomplete neutralisation of the contrast may occur 
in voicing assimilation in consonant clusters. Jakobson (1968) notes that /f/, unlike 
other [-voice] obstruents, does not undergo voicing assimilation: i.e. it does not 
become [4-voice] when a [4-voice] obstruent follows, in such phrases as graf 
bobrinskij (Count Bobrinskij) and paragraf_zpkona (a paragraph of the law). It may, 
however, undergo partial assimilation of one of two kinds. It may be produced with 
vocal fold vibration during the latter part of the fricative: in other words, it is 
partially assimilated in the temporal domain. Alternatively the fortis /f/ may undergo 
lenition, which he defines as being produced with a weaker articulation and reduced 
duration: i.e. the feature lax spreads from the following /z/ but the feature voice does 
not.

In their study of word-internal voicing assimilation. Burton and Robblee (1997) 
found that there was complete assimilation as far as fricative duration was 
concerned, there being no difference between the duration of underlying /s/ which 
had assimilated to a following [4-voice] stop and the duration of an underlying /z/ in 
the same position. However, they did find that there was incomplete neutralisation 
in relation to the amplitude of the voicing during the fricative: the amplitude was 
less in the latter part of an underlying /s/ preceding a /d/ than in the latter part of a 
/z/ in this position.

There is thus evidence that in positions where voicing assimilation occurs, 
secondary characteristics may, in a limited context involving /f/, behave 
independently of vocal fold vibration; moreover, in wider assimilatory contexts, 
neutralisation has been found to be incomplete in terms of the consonantal voicing 
itself.
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2.5 SUMMARY

This study aims to provide a characterisation of the phonetic implementation of the 
voicing contrast in Russian, with particular reference to the temporal acoustic 
features of voicing during the consonant, the duration of the consonant and of the 
preceding vowel. As has been discussed above, the latter two temporal intervals 
have been found to be relevant in a large number of languages, although not all 
those investigated. One principal issue to be examined is whether one or both of the 
intervals is relevant in Russian also, and if so, how the degree of difference 
compares with that found in other languages. A further issue which will be 
examined is the production of vocal fold vibration itself during [+voice] obstruents, 
to see whether they are fully voiced as in textbook accounts, or whether partial 
devoicing occurs here as it does in English. Factors which have been found to affect 
the occurrence of devoicing in English, such as manner of articulation and 
individual speaker variation, will be considered.

The second principal area of investigation is word-final devoicing, to address the 
question of whether the features which are found to be relevant in intervocalic 
position also maintain the contrast in final position where it is generally taken to be 
neutralised. As discussed above, evidence for such incomplete neutralisation has 
been found both in final devoicing in other languages and also in voicing 
assimilation in Russian.

The third major part of the study investigates the perceptual function of the acoustic 
characteristics found to be present in production in intervocalic position. It is 
possible that such differences as are found may be too small or too inconsistent in 
production to have been acquired by Russian listeners as cues. It may also be the 
case that one or more cues override other cues present in the signal. In this 
investigation of the relative strength of the cues, comparison will be made where 
possible with other languages, to ascertain whether the relative strength of cues can 
vary cross-linguistically, and if so, whether this reflects differences in production.

84



Chapter 3: Production of the voicing contrast in Russian

3.1 INTRODUCTION TO THE PRODUCTION STUDIES

This chapter examines the implementation in production of the voicing contrast in 
Russian, in order to establish the relationship between vocal fold activity and the 
temporal structure of [+voice] and [-voice] consonants. The three parameters 
investigated, vocal fold vibration during the consonant, the duration of the 
consonant and of the preceding vowel, have been found to be among the parameters 
which implement the voicing contrast in many other languages: what this chapter 
seeks to establish is whether the temporal structure of the voicing contrast is the 
same in Russian. If so, this would support a model where such a structure is 
universal. Whether these parameters can function as perceptual cues will be 
investigated in the following chapter.

The voicing contrast is investigated in two positions in the word: in intervocalic 
position and in word-final position. In intervocalic position the voicing contrast is, 
according to previous research (section 2.4.2), realised unambiguously and 
consistently by the presence or absence of vocal fold vibration. Thus if either of the 
two temporal correlates is partially or wholly determined by the biomechanic 
attributes of the production or absence of voicing, they would be expected to be 
evident in this word position.

The contrast in intervocalic rather than word-initial position was chosen as it 
provided a more appropriate experimental environment for the present investigation. 
In English, as discussed in Chapter 2, a smaller effect on consonant duration was 
found than in (post-stress) intervocalic position in English. Thus in the present study 
an absence of a voicing effect on consonant duration in intervocalic position would 
be a fairly clear indication that this particular temporal correlate was not relevant in 
Russian, whereas an absence in word-initial position would not be. The 
investigation of consonants solely in word-initial position would therefore not give 
as definitive an answer to the questions addressed here as would be obtained by the 
study of intervocalic consonants.

Moreover, the measurement of the duration of a word-initial stop is problematic. It 
is obviously impossible to measure from the acoustic signal in the case of words 
produced in isolation or immediately following a pause. Furthermore, a study of 
word-initial consonants cannot include the duration of a preceding vowel, at least 
one within the same morphological word. In addition, a large body of information is
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available on the contrast in intervocalic position in several other languages, which 
facilitates a comparison between these and the results of the present study of 
Russian^. For these reasons the contrast in word-initial position was not examined 
in the present study.

In word-final position devoicing of [+voice] obstruents takes place and, according to 
traditional accounts, the contrast is neutralised, underlying [4-voice] obstruents being 
phonetically identical to their [-voice] counterparts. The study of consonants in this 
position thus provides the opportunity to investigate whether temporal parameters 
can maintain a contrast when vocal fold activity, according to previous accounts, is 
absent from both sets of consonants. The results of this investigation will provide 
evidence as to whether these correlates are physiologically determined by vocal fold 
activity or can function independently.

The investigation of the voicing contrast in intervocalic position is in two parts. The 
first (section 3.7) examines that aspect of production which is known to distinguish 
the two sets of obstruents in intervocalic position, the action of the vocal folds. The 
patterns of vocal fold activity during [4-voice] and [-voice] obstruents is investigated 
in order to establish the duration and mode of vocal fold vibration during the two 
sets of obstruents. Acoustic and electrolaryngographic analyses are made: the latter 
gives an additional and more direct insight into the movement of the vocal folds 
during voice production. In particular, changes in the mode of vocal fold vibration 
during supraglottal constrictions are investigated.

The second part of the examination of intervocalic obstruents (section 3.8) aims to 
determine whether consonant and preceding vowel duration differentiate [4-voice] 
and [-voice] sets. The investigation into the production of word-final obstruents is 
presented in section 3.9. The three parameters, the duration of vocal fold vibration, 
of consonantal constriction and of the preceding vowel, are measured to answer the 
question whether any differences found in intervocalic position are also found here, 
or whether, for these parameters at least, neutralisation of the voicing contrast is 
complete.

Recordings were made of native Russian speakers, firstly at University College 
London in 1987-8 as a pilot study, and secondly at the Maurice Thorez Institute for 
Foreign Languages in Moscow in June 1988 (the principal study). The pilot study is

^ ŝubject to the reservations expressed in Chapter 2 concerning cross-study comparisons.
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reported in section 3.4. The main aim of the pilot study was to establish whether the 
temporal parameters under investigation were involved in the voicing contrast in 
Russian. Of particular interest was whether there was any evidence that 
neutralisation of the voicing contrast may not be complete and thus whether there 
was any justification for pursuing this part of the investigation in the principal study. 
A subsidiary aim was to test out the database constructed. As a result of this study 
changes were made in the materials used: these changes are described in section 3.5.

The following two sections (3.2 and 3.3) outline the procedures used for both pilot 
and principal studies: the electrolaryngographic analysis (3.2) and the measurement 
criteria used (3.3). Sections 3.4 and 3.5 describe the pilot study and the subsequent 
changes to the recording materials. A full description of the recording materials and 
procedures used in the principal study is given in section 3.6. The results presented 
in sections 3.7 (the production of voicing during intervocalic obstruents), 3.8 (the 
duration of intervocalic obstruents and preceding vowels) and 3.9 (the contrast in 
word-final position) are those of the principal study; and statistical analyses of the 
measurements are presented in these sections. Discussion of the production of 
voicing is included in section 3.7. The results of the investigations into consonant 
and vowel durations and into word-final devoicing are discussed in section 3.10.
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3.2 THE ELECTROLARYNGOGRAPH

The electrolaryngograph (Fourcin and Abbeiton 1971, 1977; Fourcin 1974, 1981, 
1986; Abberton and Fourcin, 1984; Abberton, Howard and Fourcin 1989) is a non- 
invasive technique for monitoring, by variations in electrical impedance, vocal fold 
contact during phonation. Two gold-plated disk-shaped electrodes, approximately 1 
in. in diameter, each with an outer guard ring and inner conductor, are placed on the 
subject’s neck on the wings of the thyroid cartilage and are held in place by a 
neckband. One electrode transmits an alternating current at 4 MHz at a constant 
voltage with approximately 30 mW dissipated at the neck (Fourcin, 1981); the other 
is a current pick-up. The importance of correct placement is emphasised by 
Abberton et al. (1989).

Conductance is increased with an increase in the area of the vocal folds in contact 
(Fourcin, 1981, Abberton et al., 1989). The output (henceforth referred to as the Lx 
waveform) is therefore an indication of the movement of the vocal folds during the 
production of voice, giving information in particular on the phase of the vibratory 
cycle when the vocal folds are in contact. This is the case also for other 
electroglottographs: the Fabre model (Sawashima, 1974), the Mark IV (van Michel, 
Pfister and Luchsinger, 1970) and the Fr0 kjaer-Jensen EG 830 (Lecluse, Brocaar 
and Verschuure, 1975). It is not the case for photoglottography, where it is the 
degree of glottal opening which is measured (for example, Baken and Orlikoff, 
2000). The term electrolaryngograph rather than electroglottograph will be used in 
this study.

The electrolaryngograph gives direct information on changes to the total impedance 
to the current flow between the two electrodes (Baken, 1992). The output waveform 
is a measure of the overall vocal fold contact area, not of the movement of a 
particular section of the vocal folds (Fourcin, 1974, 1981; Childers, Hicks, Moore 
and Alsaka, 1986).

Figure 3.2.a shows a typical waveform for a normal adult male speaking in a modal 
voice register. The positive peaks relate to the maximum of vocal fold contact in 
each vibratory cycle; the upward movement (the increase in conductance) represents 
the closing of the vocal folds; and the downward movement (the decrease in 
conductance) represents the opening of the vocal folds. This orientation of the 
waveform follows the recommendations of the lALP (Baken, 1992).
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The closing phase of the Lx waveform commences with the initial contact at the 
lower edges of the vocal folds, where a mucus bridge is formed (Fourcin, 1981; 
Fourcin and Abberton, 1977). The steep positive-going slope shows the rapid 
closing of the vocal folds. This closure continues up to the maximum of contact for 
that cycle, which corresponds to the closure of the vocal folds along their length and 
depth (Abberton et al., 1989).

The negative-going slope corresponds to the opening phase, which has been found 
to be more gradual than the closing phase (Fourcin, 1974; Baer, Lofqvist and 
McGarr, 1983). Fourcin (1981) notes a knee in the downward slope in the case of 
many speakers, which corresponds to the start of airflow through the glottis. The 
interval from the positive peak to this point would therefore appear to represent a 
period of separating movement of the vocal folds before any opening of the glottis. 
Dejonckere and Lebacq (1985) note, however, that such a knee may be absent in the 
Lx pattern of some speakers.

The flat, most negative part of the cycle indicates the interval during which the 
vocal folds are not in contact. Any movement of the vocal folds when apart during 
the vibratory cycle would not be expected to affect the impedance level: the 
laryngograph provides information concerning the contact between the vocal folds 
and not to the size of the glottal area (Fourcin and Abberton 1971; Fourcin 1974, 
1981).

Confirmation of the correspondence between the phases of the Lx waveform and the 
opening and closing movements of the vocal folds is given by Fourcin (1974, in 
collaboration with Donovan and Roach), using simultaneous laryngographic 
recording and stroboscopic filming. Further evidence is given by Baer, Lofqvist and 
McGarr (1983), who also used simultaneous photoglottography, and Childers, Smith 
and Moore (1984). X-radiography (Noscoe, Fourcin, Brown and Berry, 1983; 
Fourcin, 1986) and calculation of glottal air flow by inverse filtering of the acoustic 
waveform (Fourcin, 1981) give further support to this interpretation of the output of 
the laryngograph. Additional evidence has been acquired from computer modelling 
of the vocal fold contact area (for example, Titze, 1984) and subglottal pressure 
measurements (Gilbert, Potter and Hoodin, 1984).

High speed filming has been used to confirm the interpretation of the output of other 
models of electroglottograph: the Mark IV electroglottograph (van Michel, Pfister 
and Luchsinger, 1970) and the Fr0 kjaer-Jensen EG 830 model (Lecluse, Brocaar 
and Verschuure, 1975).
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The level of current flow between the electrodes, and thus the amplitude of the Lx 
signal, principally depends on the overall size of the area of vocal folds in contact 
(Fourcin and Abberton, 1971; Fourcin, 1974, 1981; Baer et a l, 1983; Gilbert, Potter 
and Hoodin, 1984). The X-radiograms, in addition, show the lower to upper 
direction in the closing and opening gestures, with a phase difference between the 
lower and upper edges being present throughout the cycle except for the points of 
peak opening and peak closure.

The sudden snapping shut of the vocal folds is the period of the cycle which is 
associated with the greatest excitation of the vocal tract (Fourcin and Abberton, 
1971; Fourcin, 1974; Kelman 1981; Kitzing, Carlborg and Lofqvist, 1982). Fourcin 
(1981) notes that “sharply defined Lx contact implies good acoustic excitation of the 
vocal tract” (p 119), and, in addition, “uniform peaks are likely to be associated with 
a correspondingly uniform acoustic output” (p 119). The delay between the upward 
deflection on the Lx waveform, representing the closure of the vocal folds, and the 
deflection on the speech waveform depends on the distance from the glottis to the 
microphone (Fourcin, 1974, 1981; Baer etal., 1983).

O MS 5 lO
Laryngograph Waveforn Display 

1 5  2 0  2 5  3 0 3 5

3 53 020 2 5lO5 1 5O M S

Figure 3.2.a. Acoustic (Sp) and Laryngograph (Lx) waveforms (adult male speaker)
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3.3 MEASUREMENT CRITERIA

The criteria used in the pilot and the principal studies for the measurement of 
consonant, vowel and voicing duration are outlined below. Segmentation was 
carried out on the acoustic waveform; the Lx waveform provided additional 
information on the start and end of voicing, as described below. The interval of 
voicing during the consonantal constriction was investigated by examining both the 
acoustic and Lx waveforms. In the pilot study, the duration of consonantal voicing 
was defined and measured in two different ways (as given in detail in 3.3.3 below): 
according to, firstly, the output from the laryngograph and, secondly, acoustic 
information. In the principal study the laryngograph waveform was used primarily 
to give information as to the mode of vocal fold vibration during the consonantal 
constriction, particularly for intervocalic obstruents. The relationship between the 
acoustic and laryngograph waveforms is discussed in sections 3.4.2 and 3.7.5.

In both pilot and principal studies, segmentation was carried out on the digitised 
speech and Lx waveforms sampled at 20 kHz^. Measurement annotations could 
therefore be made to the accuracy of 0.05 msec, although the accuracy of the 
segmentation decisions obviously depends on the validity and consistency of 
application of the criteria outlined in the sections below. The process of 
segmentation was supported by auditory analysis (by playback of sections of 
waveform)^.

3.3.1 Vowel duration

The duration of the vowel was defined as the interval from its start, as defined 
below, to the start of the consonant as defined in 3.3.2. The start of the vowel 
following [-voice] stops and fricatives was taken at the positive zero crossing of the 
first cycle on the acoustic waveform^. This generally coincided with the first high 
amplitude cycle on the laryngograph waveform, although low amplitude Lx cycles 
were sometimes found before this (Figure 3.3.a). There was no voicing found during 
word-initial [-voice] obstruents; and [-voice] plosives in Russian are unaspirated 
(Jones and Ward, 1969).

The experimental procedure for both pilot and principal studies is described fully below (3.4.1.2 
and 3.6).

The software allowed the user to zoom, pan and replay sections of waveform of any size.
The measurement criteria are illustrated from tokens recorded in the principal study, but the same 

criteria were applied in the pilot study.
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Immediately following a [+voice] plosive the start of the vowel was taken as the 
first cycle of voicing after the release burst, if, as was usually the case, the stop was 
produced with voicing during at least the latter part of the closure. If voicing started 
after the burst, the start of the vowel was defined as in the case of [-voice] stops, 
namely the start of voicing. Occurrences of this were found in the case of two 
speakers: WG in the pilot study and subject 10 in the Moscow recordings.

After a [+voice] fricative the end of aperiodic noise was taken as the starting point 
of the vowel (Peterson and Lehiste, 1960). All the word-initial [+voice] fricatives 
analysed in this project (both in the pilot and principal studies) were produced with 
vowel fold vibration at least towards the end of the fricative.

In the case of a preceding /I/, the start of the vowel was taken at the sharply defined 
increase in the amplitude of the acoustic waveform. When a vowel was preceded by 
a nasal (which occurred in the pilot study only), an increase in the amplitude of the 
acoustic waveform together with a change in the relative strength of waveform 
components, /r/ was realised as a trill, either voiced or voiceless, and in the database 
used in Moscow was common before the vowel. In the case of voiced trills, the start 
of the vowel was taken as the sharp increase in the amplitude of the acoustic 
waveform which was present after the last tap. Where the trill was voiceless, the 
start of voicing after the last tap was taken. An example of the start of the vowel 
after a voiced tap is given in Figure 3.3.b.

3.3.2 Consonant duration

The duration of [4-voice] and [-voice] fricatives was taken as the interval of 
aperiodic noise (Peterson and Lehiste, 1960; Klatt, 1976; van Summers, 1987). This 
was the case whether or not it was accompanied by voicing^. In all cases an interval 
of frication was visible and audible^.

In the case of plosives, when voicing was present during the closure the start of the 
consonant was taken to be the start of the low amplitude cycles on the acoustic 
waveform characteristic of voicing during the closure. In most cases the decrease in 
amplitude coincided with the start of more sinusoidal-like cycles in the acoustic 
waveform, with energy being mostly at the fundamental frequency (Figure 3.3.c). In

Voicing on the acoustic waveform continued into frication in the vast majority of [-voice] 
fricatives and word-final [-voice] or [+voice] fricatives (Tables 3.7.1 and 3.9.6 below): in the 
principal study, in the word-list context only one (out of 160) intervocalic [-voice] fricatives and four 
(out of 320) word-final [-voice] and [+voice] fricatives contained no voicing at all.
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some tokens, there was a sudden drop in intensity one cycle before this smoothing 
out: in these cases the start of the consonant was taken at this reduction in 
amplitude. In the case of some speakers, notably speaker 10 in the Moscow 
recordings, the drop in amplitude was clearer and could be more consistently 
applied than the sinusoidal nature of the cycles on the acoustic waveform (Figure
3.3.d).

The same criteria were used for [-voice] plosives in intervocalic position and for 
word-final plosives, where in the majority of cases voicing was present during the 
start of the closure^ (Figure 3.3.e).

The end of plosives was taken to be the peak of the release burst on the acoustic 
waveform (Figure 3.3.e). Where there was a double or multiple burst, with short 
intervals between each, the first burst of the sequence was taken.

The end of the vowel and start of the consonant was the most difficult point to 
segment, in particular in the case of many intervocalic [-voice] stops and word-final 
([-voice] or [+voice]) stops where the amplitude of voicing decreased fairly rapidly. 
Measurement consistency, particularly across consonant pairs to be compared, was 
taken as a priority. The identification of only one point where the vowel ends and 
the stop begins is to a certain extent, of course, artificial, since there is a gradual 
approximation of the articulators (as there is also before fricatives). In addition, lip 
rounding from a rounded vowel may continue into at least part of the following stop 
closure: this was the case for luk and lug, for example.

3.3.3 Consonantal voicing

Voicing during the plosive or fricative was measured in two ways. The first 
definition was the continuation of cycles on the laryngograph waveform after the 
start of the consonant as defined above. The cycles measured by the algorithm 
used^ had a high amplitude and sharp closure typical of modal voicing, and did not 
include small even though regular vibratory cycles (this is discussed in more detail 
in sections 3.7.5-6 below). An example of cycles measured is given in Figure 3.3.f. 
This definition is referred to as the Tx duration.

m  and /v/, where the amplitude of frication is expected to be low, were not contained in the 
principal study, where only the /s/-/z/ opposition was analysed.

In the principal study, no intervocalic [-voice] stops and only 13 (out of 384) word-final [-voice] 
or [+voice] stops had no measured voicing into the stop closure, although in many cases the duration 
of such voicing was very short (Table 3.9.6).

The Tx routine in the UCL software, which seeks an abrupt change in the positive gradient of the 
Lx waveform.
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The second definition was the continuation of detectable regular and sinusoidal 

cycles on the acoustic waveform. The start of this interval was taken as the start of 

the consonant as defined above. The end of this interval was difficult to determine in 

some cases, as there was often a gradual decrease to a very low amplitude (Figure

3.3.g). All these cycles were included, despite the low amplitude of the final ones, as 

the decrease was gradual with no clear cut-off point before this. It was, moreover, a 

criteria which could be consistently applied. A large part at least of the voicing 

during such [-voice] stops (although possibly not the very low amplitude cycles) 

does appear to have a perceptual effect, as the results of the perceptual experiments 

indicate (Chapter 4).

Measurements taken using this definition are referred to in the pilot study (3.4) as 

Voicing. In the principal study (3.7-9) it is this definition, rather than the Tx 

duration, which is used to measure consonantal voicing. The laryngograph 

waveform is examined in detail in section 3.7.

150 200

sV

Sp

sV

Lx Sp

Figure 3.3.a. Start of [o] (sV) Figure 3.3.b. Start of [o] (sV) after [r]

after [-voice] stop
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Figure 3.3.C. Start of [d] (sC) in 

[brodo] produced by Speaker 19

Figure 3.3.d. Start of [d] (sC) in 

[brodo] produced by Speaker 13
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Figure 3.3.e. Start of the consonant (sC), end of closure voicing (evoi) and end of 

the closure (eC) of /d/ in /prud/ produced by Speaker 17.
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Tx

Figure 3.3.f. /prud/ produced by Speaker WG, showing the acoustic and 

laryngograph waveforms together with the demarcation of high amplitude and 

sharply closing Lx cycles (Tx). Lower figure presents the zoomed portion of the 

upper figure.

3 5 0 , 4 0 0 , 4 5 0 , 500
1 l l l i l l i l l l l l i l l i l l L l l i l l i l l m i l l

Sp

Lx

Figure 3.3.g. [d] (in [grudo]) produced by Speaker 18
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3.4 PILOT STUDY

A pilot study was carried out at the Department of Phonetics and Linguistics, 
University College London, using as subjects two native Russian speakers resident 
in London. The aim of the pilot study was to gather evidence of the possible 
relevance to the measurement of the voiced-voiceless contrast of the characteristics 
of the acoustic signal being investigated, and in addition to assess the experimental 
materials and procedure. The materials described in 3.4.1.1 were used in the pilot 
study; changes made to these for the principal study as a result of the pilot test are 
described in section 3.5 below.

The subjects were two speakers who were visiting or had recently moved to London 
from the former Soviet Union. Subject WG was male, aged 28, bom in St 
Petersburg (then Leningrad) and had been a student at University College London 
for 5 years. Subject MK was female, aged 40, bom in Moscow and was on a short 
academic visit to the university. She had been in Britain for two months at the time 
of the recording.

3.4.1 Recording material and method

3.4.1.1 MATERIALS

The target consonants in the pilot test were the three stop pairs /p, b, t, d, k, 

and the four fricative pairs /f, v, s, z, s \ z \ J, 3 / (Appendix 1: Tables 1 and 2). The

set of target words in this pilot study was as large as possible: 2 2 2  words in total. 
This was simplified, however, for the main study. Furthermore, in the pilot study 
there was a greater number of words with a target word-final consonant than an 
intervocalic one. This emphasis reflected one of the objectives of the pilot study, 
which was to establish whether there was any evidence for the voicing contrast to be 
maintained in this position and thus whether there was any justification for 
following this up in the principal study.

including [k*] and [g’]
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There were 59 pairs of words with the target consonant in word-final position: 9 /p/- 

/b/ pairs, 18 /t/-/d/, 11 /k/-/g/, 3 /f/-/v/, 13 /s/-/z/, one /sV-/zV, 4 There were

40 pairs with the target consonant in intervocalic position: 6  /p/-/b/ pairs, 11 /t/-

IdP, 9 /k/-/g/ (including 3 [k ]̂-[g ]̂ pairs), 3 /f/-/v/, 9 /s/-/z/ and 2 /J/-/3 /.

A minority of these pairs (6  with intervocalic and 13 with word-final consonants) 
were minimal pairs, differing only in the value for [+/-voice] of the target 
consonant. The others were near-minimal pairs, where in addition to the value for 

[+/-voice] there were differences in non-target segments (for example, /supa/

/zuba/), number of syllables (for example, /drilri'gati/ Z'gadi/), or in occasional

cases^ the target vowel quality (for example /'tripa/ / ’duba/). In all cases the vowel

immediately preceding the target consonant was stressed. It was considered possible 
that lexical stress would have an effect not only on vowel duration (Parmenter and 
Trevino, 1935; Klatt, 1976) but also on consonant duration: for example, Umeda 
and Coker (1975) found fricatives before a stressed vowel to be longer than those 
before an unstressed vowel.

In addition to these pairs, other words were included (Appendix 1).11 were words 
containing intervocalic consonants. They were words which were counterparts to 
words with word-final consonants, but which were not paired with a word with an 
intervocalic consonant of the opposite value for [+/-voice]. For example, the pair 

/lap/ and /rab/ were in the word-final list; /'lapa/ was included in the intervocalic

list, but /ra'ba/ was not, in this case because the shift in stress to the final syllable in

this form meant the resulting target vowel was unstressed and was not included for 
the reasons outlined above. In the case of additional words containing word-final 
target consonants, they were included so as to maximise the number of utterances 
which could be used. Since some tokens were excluded because, for example, they 
were produced with creaky voice (commented on below), there were not in any case 
equal numbers of tokens analysed for each member of the target consonant pair.

The material recorded consisted of a word list and a list of sentences. The word-list 
consisted of all target words, with 82 dummy words in addition. These included

The transcriptions here and below reflect the underlying [+/-voice] status of the word-final 
obstruent in the phonological transcription, assuming a process of neutralisation. The phonetic 
transcription reflects the textbook assumption that the two are phonetically identical, 

in one pair / f  / rather than /t/ occurred
8 of the 40 pairs with intervocalic consonants and 8 of the 60 pairs with word-final consonants
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pairs with a palatalised consonant and its non-palatalised counterpart (for example, 

[mol] (pier) [moP] (moth)), differing vowel qualities (for example, [stul] (chair)

[stol] (table)), and differing onsets (for example, [notp] (night) [dotf] (daughter)).

Each target word and dummy occurred once^^ Where the placement of stress was 
critical for meaning (for example, mûka (torment) muka (flour), lésu (forest, DAT) 

lesu (forest, LOG)), the stress was marked (by') in the word list given to the 

subjects.

141 of the target words were placed in sentences (82 with word final consonants and 
59 with intervocalic consonants^). These were real sentences rather than a sentence 
frame, of varying lengths and structure.

Two example sentences are:

U Kati byli dlinnye kosy. 
at Katja-GEN were long plaits 
(Katja had long plaits)

V poljax pasutsja korovyj, ovtsy i kozy. 
in fields-PL LOG are grazing cows, sheep and goats 
(There are cows, sheep and goats grazing in the fields)

As there is evidence that such isolated sentences may be more similar to connected 
speech than carrier sentences in their durational characteristics (Molter, 1974; Harris 
and Umeda, 1974), this may have introduced variables which may affect consonant 
and vowel duration, for example word prominence: differences in information load 
carried by the target word (Umeda, 1975). It was felt, however, that the use of a 
context which was less controlled than a sentence frame would indicate the 
robustness or otherwise of any difference found in the temporal intervals. The word 
list provided a highly controlled context for comparison. Furthermore, if a subject 
showed a tendency to produce orthographic pronunciations in the case of word-final 
[+voice] obstruents, it was hoped that a more natural context would lead to fewer 
cases of this, a problem examined in Jassem and Richter (1989) and discussed 
further below (section 3.10.2)^.

The word list included in addition 58 words containing word-final and intervocalic clusters not 
analysed in this study,

26 pairs with intervocalic consonants and 7 additional words; 38 pairs with word-final consonants 
and 6 additional words.

The sentence context is not as natural as that employed by Jassem and Richter, who used (non
written) dialogue. In the principal study carried out in Moscow a set of recordings of dialogue was
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The target words were placed where possible in sentence-final position. Although 
voicing assimilation (of both [-voice] and [+voice]) takes place only between 
obstruents and only within the phonological word (section 2.4), it was felt that 
placing the word with a devoiced final consonant in a prepausal position would 
avoid the possibility of the production of the devoiced consonant being affected in 
any way by a following segment. Wells (1987) found voicing assimilation in 
Russian to occur across word boundaries outside the phonological word, for 
example between adjective and following noun (section 2.4 above). Words with a 
target intervocalic consonant were placed in sentence-final position also. As 
utterance position is well known to affect segmental duration (for example, 
Gaitenby, 1965; Lehiste, 1972; Nooteboom and Cohen, 1975; Wightman, Shattuck- 
Hufnagel, Ostendorf and Price, 1992) and the extent of the voicing effect on vowel 
duration (Flege and Brown, 1982b), this made possible the comparison between 
word-final and intervocalic consonants^*.

Each sentence occurred once. There were no sentences containing dummy words. 
However, 74 sentences containing words or phrases with consonant clusters were 
included in addition to the 141 sentences analysed in this study. All words in the 
word-list and all sentences were in randomised order. The words were presented in 
the word-list in blocks of five.

3.4.1.2 Re c o r d in g  a n d  a n a l y sis

Both subjects were recorded in the anechoic chamber in the Department of 
Phonetics and Linguistics at University College London. The acoustic and 
laryngograph signals were simultaneously recorded onto Betamax tapes using a 
Sony PCM digital recorder, with 14-bit resolution and 44.1 kHz sampling rate, and a 
B&K omnidirectional pressure sensitive condenser microphone at a fixed distance. 
The digitised signal was then downsampled to 20 kHz and downloaded with 12 bit 
resolution into a Masscomp computer for analysis.

Measurements were made using UCL software^, which made possible the 
simultaneous and aligned display of both acoustic (Sp) and laryngographic (Lx) 
signals (Figure 3.3.f). The sampling rate allowed measurement annotations to be

obtained in case orthographic pronunciations proved to be an otherwise insurmountable problem, but 
were not in fact necessary, as discussed in section 3.5 below.

In eight cases it did not prove possible to construct sentences with the target word in sentence-final 
position. The measurements for these words have not been included in the tables of results. Because 
of problems with speakers producing tokens with creaky voice (commented on below), the consonant 
pairs were not in any case represented by equal numbers of target words.
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made to the accuracy of 0.05 msec. Measurements were made of the duration of the 
following intervals: the obstruent, the preceding vowel and the voicing during the 
obstruent, according to the criteria outlined in section 3.3 above.

Some tokens or individual measurements were discounted from the analysis. The 
duration of the stop was not measured when there was no detectable plosive burst. 
This occurred only in the case of WG: 2 cases of fully voiced intervocalic stops and 
7 cases of word-final unreleased stops. In the latter set, voicing duration was 
measured; and in all cases the vowel duration values were included.

Tokens produced with creaky voice were discounted. This happened on occasion in 
the case of MK, but was particularly common with regard to WG. Such tokens were 
excluded firstly for the practical reason that in many cases it was difficult to identify 
the vowel-consonant boundary. Secondly, it was possible that the duration of 
voicing was affected by the mode of vocal fold vibration, the speaker not sustaining 
voicing for as long as would have been the case with modal phonation. Subject WG 
consistently produced tokens with creaky voice when they were in sentence-final 
position: these results have therefore not been analysed.

3.4.2 Results

3.4.2.1 INTERVOCALIC CONSONANTS 

Consonant duration

The mean duration of [+voice] obstruents was shorter than that of [-voice] 
obstruents for both stops and fricatives at all places of articulation for both speakers 
(Table 3.4.1''°). This difference was in the range of 5-40 msec for stops and 40-70 
msec for fricatives (although some comparisons involve a few tokens only).

These results suggest a greater voicing effect in the case of fricatives than stops. 
This appears to be the case not just in terms of the absolute duration but also in the 
ratio of [-voice] to [+voice]: for example, in the case of subject WG the ratio was 
1.20 in the case of t/d and 1.63 in the case of s/z. For subject MK the ratios were 
1.33 and 1.54 respectively.

the Es routine written by Mark Huckvale, University College London 
In this and following tables the results for subject MK in sentence context have been grouped 

according to manner of articulation, because of the small number of tokens involved. Only tokens 
occurring in sentence-final position have been included.
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The difference between [+voice] and [-voice] was maintained in the sentence 
context. The duration of obstruents is smaller in each category (although again 
comparison is difficult because of the small numbers), but the difference between 
[+voice] and [-voice] appears to be similar in magnitude to that in the word list 
context.

These results also indicate that the duration of consonants produced by speaker MK 
may be greater than that produced by speaker WG. When the mean duration of each 
consonant produced in the word-list context was compared for the two speakers, in 
each case except /v/ the mean value for speaker MK was greater than that for WG" \̂ 
This suggests that consonant duration may be subject to inter-speaker variation.

An interaction between speaker and voicing effect may be present, although further 
analysis would be needed to confirm this. In the case of six of the eight consonants

(the exceptions being [k̂  g*] and [J* 3 ]), the difference between [+voice] and [-voice]

was greater in the case of MK than WG (in the word-list context).

To summarise, an effect in the expected direction of consonantal voicing on 
consonant duration is evident, for both stops and fricatives. In addition, there is 
evidence that overall consonant duration is affected by manner of articulation (being 
longer for fricatives), as well as by speaker and context. Furthermore, there is a 
possible interaction between manner and consonantal voicing (the voicing effect 
being greater for fricatives than stops).

Vowel duration

Table 3.4.2 gives the mean vowel duration before intervocalic obstruents. 
Measurements are grouped according to vowel quality because of the possible 
effects of this on duration (section 2 .1 .3.1 , above)'^^

In the word-list context (Tables 3.4.2a-d) vowels were shorter before [-voice] 
obstruents than before their [4-voice] counterparts before both stops and fricatives

This and following observations are based solely on the mean durations found, without detailed 
statistical comparison, and are treated as indications of issues to be pursued in the main study where 
statistical analyses have been carried out.

Measurements were only included in this table (and Table 3.4,8 below) if there was at least one 
token of the vowel before a [h-voice] and a [-voice] stop (or [h-voice] and [-voice] fricative), [i] and 
[i], although both realisations of /i/, were treated separately because of possible differences in 
inherent duration. Hence the mean duration of I'll excludes, where indicated, measurements of [i], 
which are commented on separately. The group mean averages before [+voice] and [-voice]
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produced by both speakers. The mean duration grouped over all vowel qualities 
shows a difference of 25-30 msec for both speakers. In the case of each of the five 
vowel phonemes there is a difference in the expected direction.

There is some evidence that vowel duration overall may be greater before fricatives 
than stops: when the mean duration for each vowel quality before stops and before 
fricatives for the two speakers is compared, in 16 of the 2 0  cases the duration before 
fricatives is greater than before stops'll The difference before [+voice] and [-voice] 
consonants, however, is not consistently greater for fricatives than stops.

Tables 3.4.2e and 3.4.2f present the mean vowel duration in sentence context (for 
speaker MK only). The mean duration of all vowels grouped shows a small 
difference before fricatives (12 msec). However, this difference was not consistent 
across vowel quality. Furthermore, before stops the difference in the mean duration 
across all vowels is in the opposite direction (and extremely small). No consistent 
effect is therefore evident of voicing on vowel duration preceding an intervocalic 
obstruent in sentence-final context.

Vowel duration is shorter in sentence final context than in isolation in a word-list: 
by, for example, 30 msec in the case of vowels (all qualities grouped) before 
[-voice] stops.

The results in Tables 3.4.2a-f indicate that vowel quality also may affect overall 
vowel duration: in word list utterances, with the exception of vowels before 
fricatives produced by WG, /a/ has the longest mean duration, and /i/ and /u/ the 
shortest. The limited and varying numbers in each category make comparison 
difficult; but vowel quality is a factor to be considered in the principal study.

An effect of individual speaker on vowel duration is apparent in the case of vowels 
as well as consonants. The mean duration of vowels produced by speaker MK were, 
as consonants were, longer than those produced by speaker WG in all cases in the 
word list utterances (except for the one token of /i/ before [-voice] fricatives).

To summarise, vowels are shorter before intervocalic [-voice] than before 
intervocalic [+voice] obstruents. There is in addition evidence that vowel duration is 
also affected by manner of articulation of the consonant (being longer before

obstruents may consist of measurements from various vowel qualities in different proportions, 
however, and this may affect the validity of the comparisons made between the group averages.

the exceptions being, for subject WG, /a/ before [+voice] obstruents and /u/ before [-voice] 
obstruents, and for subject MK /o/ before [+voice] obstruents and Id  before [-voice] obstruents.
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fricatives), context (being shorter in sentence context), vowel quality (/a/ being 
longer, /i/ and /u/ being shorter) and speaker. The degree of difference before 
[+voice] and [-voice] obstruents is not obviously affected by manner, vowel quality 
or speaker identity, although the number of tokens here is too small to reach any 
firm conclusions. It is affected, however, by context: it is not obvious that the 
voicing effect apparent in the word-list utterances is maintained in sentence context.

Voicing

In the case of [4-voice] obstruents, voicing, as defined by the continuation of voicing 
on the acoustic waveform, continued throughout the constriction in the majority, 
although not all, of tokens (Table 3.4.3). This was the case for both stops and 
fricatives produced by both speakers. The percentage of fully voiced obstruents was 
similar in the word list and the sentence context (in the case of subject MK).

However, for both speakers and both contexts, a much smaller proportion showed 
voicing throughout where this was defined as the continuation of cycles with sharp 
closures on the laryngograph waveform (Tx) (Section 3.3.3 above and Figure 3.3.f). 
The difference in the two measurements is discussed in section 3.7.6 below. 
Cessation of voicing (Tx) as shown by the laryngograph waveform occurred in the 
case of both stops and fricatives at all places of articulation with the exception of /v/ 

and, in the case of MK, Ẑ /. The duration of this interval (Tx)"  ̂when it did not 

extend throughout the consonant is given in Table 3.4.4.

A comparison between the maintenance of voicing during [4-voice] stops and that 
during [4-voice] fricatives is difficult because of the low numbers involved. There is 
evidence, however, that vocal fold vibration, as recognised by the Tx algorithm, 
continues throughout a higher proportion of fricatives than stops. However, the 
duration of these sharply defined lx cycles is shorter in the case of fricatives than 
stops. This issue is investigated further in the principal study (3.7).

One firm conclusion that can be reached is that in the production of [4-voice] 
obstruents voicing on the acoustic waveform frequently continues after the cessation 
of sharply closing cycles on the Lx waveform.

This was found to be the case in the production of intervocalic [-voice] obstruents 
also. In this case, however, the cessation of Tx often occurred prior to the start of the

from the start of the constriction to the cessation of cycles on the Lx waveform with a sufficiently 
sharp closing phase to be recognised by the Tx algorithm, as described above (section 3.3.3).

105



consonant. This occurred in the case of 36 tokens (54%) of [-voice] stops and 28 
tokens (82%) of [-voice] fricatives (and occurred in the case of both speakers and in 
both contexts).

There was no tendency, however, for the voicing on the acoustic waveform to cease 
before the start of the consonant, at least in the case of fricatives. The start of 
frication, which was taken as the start of the consonant (section 3.3 above), was 
accompanied by at least one cycle of voicing on the acoustic waveform in all except 
one case. In the case of [-voice] stops, whether voicing stopped just before or just 
after the closure was less certain, as the start of the stop closure was defined on the 
basis of the predicted effect of a closure on the amplitude and shape of the voicing 
cycle, and when these were very low in amplitude there was a reduced level of 
certainty over the point of closure. There were three cases only (out of 67 [-voice] 
stops) where closure voicing on the acoustic waveform was measured at 0  msec.

3.4.2.2 WORD-FINAL CONSONANTS

Consonant duration

The results are given in Table 3.4.5. In the word-list context, when the mean 
duration of underlying [-voice] and [+voice] consonants at each place of articulation 
is compared, in all but two cases [-voice] consonants are longer: a difference in the 
predicted direction. However, the two exceptions (/t/ and /d/ for speaker WG, /s/ and 
/z/ for speaker MK) represent categories with a large number of tokens.
Furthermore, the positive differences are in general small (15 msec or less), with the 

exception of the fricative pairs [s z] and [J 3 ] produced by speaker WG. The 50

msec difference between the underlying [+voice] and [-voice] members of these 
two pairs is similar in magnitude to that found in intervocalic position for this 

speaker (53 msec in the case of [s z] and 71 msec in the case of [J 3 ]).

In the sentence context (speaker MK only), the small difference between the mean 
duration of underlying [+voice] and [-voice] stops was in the unexpected direction. 
The duration of fricatives grouped over all places of articulation shows a 19 msec 
difference in the predicted direction, but this difference was not found at all the 
three places.

These results indicate that there is no clear difference in the duration of underlying 
[+voice] and [-voice] obstruents in word-final position. Speaker WG may be 
maintaining a difference between [+voice] and [-voice] fricatives, however.
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As in intervocalic position, overall consonant duration was affected by manner 
(fricatives being longer than stops), subject (MK producing longer durations than 
WG) and context (consonants being shorter in words placed in sentence-final 
position than in the word-list format).

Vowel duration

The mean duration of vowels preceding word-final underlying [4-voice] and [-voice] 
obstruents is given in Table 3.4.6. In the case of speaker WG, the mean duration of 
each of the five vowel phonemes before underlying [4-voice] obstruents was longer 
than that before [-voice] obstruents. The mean difference over all vowels was 15 
msec in the case of stops and 44 msec in the case of fricatives. This compares with 
26 msec and 28 msec before intervocalic stops and fricatives respectively.

There is therefore evidence that this speaker maintains a difference between 
underlying [4-voice] and [-voice] obstruents by the duration of the preceding vowel. 
Furthermore this durational difference appears to be greater before fricatives than 
before stops: the difference between the mean durations was greater in all cases 
except /a/ before fricatives.

In the case of subject MK there is not as strong evidence for the maintenance of a 
voicing effect. When all vowel qualities are grouped, the mean duration before 
underlying [-voice] obstruents is less than before underlying [-t-voice] obstruents, in 
the case of stops and fricatives in both contexts. However, the differences are 
extremely small, and the results for each vowel quality taken separately do not show 
a consistently shorter vowel duration before underlying [-voice] obstruents. It is 
therefore doubtful if this speaker maintains a difference by means of vowel duration.

As before intervocalic obstruents, vowel duration is greater before fricatives than 
before stops (this was the case for all vowel qualities for both speakers and both 
contexts, with the one exception of /a/ before [4-voice] fricatives produced by 
speaker MK). Again as before intervocalic obstruents, it is probable that vowel 
quality affects vowel duration, although the pattern is not clear cut (particularly 
before [4-voice] fricatives produced by speaker MK). /a/ is the longest and /u/ 
(together with Id in many cases) the shortest in the word list utterances. There is no 
clear pattern in the sentence context, perhaps because of the small number of tokens, 
although in! appears to be shorter than all other vowels in the same context, with the 
exception of the one token before a [-voice] fricative.
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In addition, mean vowel duration for each vowel quality was less in the sentence 
final context than in the word-list utterances (subject MK). It is possible also that 
speaker identity affects vowel duration as before intervocalic obstruents: vowels are 
in most cases longer when produced by MK than WG. There are exceptions to this, 
however, in particular vowels before [+voice] fricatives.

To summarise, there is some evidence that at least in the case of one speaker (WG) 
vowel duration may maintain a contrast between underlying [+voice] and [-voice] 
obstruents. There is a possible interaction with manner (with a greater difference 
before fricatives than stops). Other factors affect vowel duration also.

Voicing

The mean duration of voicing during the consonant as measured firstly by the Tx 
algorithm on the laryngograph waveform (referred to below as the interval of Tx 
cycles) and secondly on the acoustic waveform is shown in Tables 3.4.7 and 3.4.8 
respectively.

The results for speaker WG shows a longer mean duration of the interval of Tx 
cycles for underlying [+voice] obstruents for all consonant pairs except for /f-v/ 

(and the isolated example of /s^-zV). Stops in particular show a difference in the 

mean duration of the Tx interval into the closure (of 15-25 msec).

In all tokens of underlying /f/ and /v/ produced by this speaker, Tx cycles ceased 
before the start of friction visible on the acoustic waveform. This also happened in 
many tokens of other underlying [-voice] and several [+voice] consonants'^ .̂

Consonants produced by speaker MK show a difference in the predicted direction in 
just over half of the consonant pairs (8  out of 13). The differences (as well as the 
absolute duration of the Tx interval) are extremely small, and in some of the 
consonant pairs n is very small. 114 of the 180 tokens show no Tx interval at all into 
the consonant, including, as with speaker WG, all tokens of [f] and [v]: 54% of 
[-voice] stops (29 out of 54), 85% of [-voice] fricatives (33 out of 39), 47% of 
[4-voice] stops (25 out of 53) and 77% of [4-voice] fricatives (27 out of 35). Thus the 
mean values are of a small number of tokens. There is therefore no evidence to 
suggest that this speaker is maintaining a contrast between word-final [4-voice] and

all three tokens of /J/, all except one of /s/, one of /g/, three of /z/, three of /p/, six of /t/, seven of 
fkJ, and one each of /b/, /d/ and /g/.
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[-voice] obstruents by the duration of consonantal voicing, as defined by the Tx 
measure.

Table 3.4.8 (consonantal voicing measured on the acoustic waveform) shows, 
firstly, a greater duration of voicing overall than was the case for the Tx interval. In 
the case of the word-list utterances, the difference was between 9 and 24 msec for 

[-voice] obstruents, 24-40 msec for [4-voice] obstruents produced by speaker WG, 
and 13-24 msec for [4-voice] obstruents produced by speaker MK. This greater 
duration is a reflection of the fact, mentioned above in relation to the intervocalic 
consonants, that the periodic cycles on the acoustic waveform continue after the end 
of the cycles on the Lx waveform recognised by the Tx algorithm.

Secondly, in the majority of consonant pairs produced by both speakers consonantal 
voicing is longer for underlying [4-voice] compared with underlying [-voice] 
obstruents. The exceptions are for some of the consonant pairs produced by MK: 

/s-z/ in both contexts and /p-b/ in the word-list context; and the /s^-zV pair, 

represented by one example, in the case of WG.

The difference produced by speaker WG (33-43 msec for stops, 13-21 msec for 
fricatives) suggests that underlying [4-voice] and [-voice] obstruents are 
distinguished in his speech by the production of voicing during the consonant. The 
mean values in the case of speaker MK show smaller differences (11 msec or less), 
and are not consistently greater for underlying [4-voice] obstruents across consonant 
pairs. It is therefore doubtful whether this speaker is distinguishing underlying 
[4-voice] and [-voice] obstruents by the continuation of voicing into the consonant.

3.4.3 Discussion of results and implications for the principal study

The results of this pilot study provide evidence that in Russian the duration of 
intervocalic consonants and of the preceding vowel are affected by consonantal 
voicing in the expected direction. It is therefore of interest to examine these two 
temporal correlates in more detail in the principal study.

The results also suggest that the speaking context affects the degree of the 
consonantal voicing effect: the effect on vowel duration may not be sufficiently 
robust to be maintained in the more natural context of a sentence rather than a word 
list. The effect of consonantal voicing on consonant duration was found in the 
sentence as well as the word-list context, however. It would be interesting to pursue 
this issue with a larger amount of data from a greater number of subjects, to see
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whether the vowel duration difference, if it is replicated, is generally less robust than 
the consonant duration.

There is evidence that two other factors affect overall duration of consonants and 
vowels in Russian: the manner of articulation (in the case of consonant duration), 
and vowel quality (in the case of vowel duration). Furthermore, there is evidence 
that the manner of articulation affects the degree of the voicing effect, so inclusion 

of both stops and fricatives in the principal database is important. Vowel quality 
appears to have a not unexpected effect on overall vowel duration, and thus in the 
database it is important to keep the vowel quality consistent between the [+voice] 
and [-voice] word pairs. Furthermore, although there is no evidence from the small 
study here of an interaction between vowel quality and consonantal voicing effect, 
previous research, as discussed in section 2.1.3.1 above, has found such an 
interaction in English (Peterson and Lehiste, 1960).

In the case of consonants in word-final position, there is evidence that one of the 
subjects, WG, maintains a contrast between underlying [4-voice] and [-voice] 
fricatives by duration of the consonant. It is possible also that MK maintains a 
contrast in the case of stops produced in the word-list context, although the 
differences are small. Neither subject is consistent, however, across all consonant 
pairs with regard to this particular correlate.

A clear difference is made, however, by WG in both of the two other parameters 
investigated. Firstly, preceding vowel duration is greater before underlying [4-voice] 
obstruents than before their [-voice] counterparts. There is evidence that this 
difference is greater before fricatives than before stops. Secondly, voicing (as 

measured both on the acoustic and on the laryngograph waveforms) continues into 
an underlying [4-voice] stop for longer than it does into the [-voice] counterparts.

The other subject, MK, does not use either of these parameters consistently to 
distinguish underlying [4-voice] and [-voice] obstruents. The noticeable difference 

between the speakers in this respect may be caused by the fact that at the time of the 
recording WG had spent five years in England and may be showing the influence of 

English at least to a certain degree. An investigation of a larger number of speakers 
who have not been influenced in this way would indicate how much inter-subject 
variation there is amongst native speakers which does not arise from such external 
factors.
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There is evidence, therefore, that the voicing contrast may be maintained in this 
position: inclusion of this analysis in the principal study is justified, and would, it is 
hoped, give a clearer answer to this question.

This pilot study has revealed evidence that the correlates of consonant and 
preceding vowel duration may be used in the contrast between [+voice] and [-voice] 
obstruents in intervocalic position in Russian, This small amount of data has also 
shown that the maintenance of voicing during [+voice] obstruents may differ 
between stops and fricatives in Russian, and that there are differences between the 
measurements carried out on the acoustic and the laryngographic waveforms which 
need to be pursued with a larger amount of data.

The results of this study also show that there is some evidence that the voicing 
contrast in word-final position may be maintained by small differences in the 
duration of the consonant, the preceding vowel and the continuation of voicing into 
the consonant. These will therefore be examined in the principal study.

The following section (3.5) examines the changes made to the recording materials as 
a result of this preliminary study.
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Table 3.4.1: Mean duration (msec) (with standard deviation) of intervocalic [-voice]
and [+voice] obstruents, and the difference between the means.

Speaker WG (word list):

mean

78.10 18.41 7

mean

59.90 7.43

[-v] -  [+v]

18.20

63.44 9.25 53.03 9.01 12 10.41

67.87 9.29 5 54.13 6.27 13.74

kJ 75.06 5.67 4

117.28 16.58

137.92 12.03 8

J 150.55 3. 04

gj 39.83 8.94 2

73.12 14.52

84.53 16.23 10

79.90 16.76 2

35.24

44.16

53.39

70.65

Speaker MK (word list):

mean

106.80 6.46 7

mean 5 n [-v] -  [+v]

b 80.27 11.16 6 26.53

97.33 14.33 10 d 73.37 9.39 14 23.95

91.80 7.59 67.53 12.72 8 24.27

kJ 87.73 5.49 5 gj 78.92 5.

136.00 13.81

173.79 16.71 8

J 173.98 12.

.39

64.27 6.62

112.74 20.42 10

113.83 32.42 2

8.81

71.73

61.05

60.15
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Table 3.4.1 contd.

Speaker MK (sentence-final context) 46 .

mean

102.15

89.30 1435

71.72 0.86

St. 85.11 12.82 15

mean

63.83 5.76

61.58 8.87 9

65.93 6.08 4

kJ 83.55 5.81 4 gj 55.55 17.72 3

61.90 9.52 19

[—v] — [+v] 

38.32 

27.72 

5.79

28.00

23.21

102.43 19.98

149.40 15.72

.33J 145.00 2

Fr. 137.98 24.17

54.10 11.95

79.48 11.15

83.53 6.97

74.74 15.03

48.33

69.92

61.48

63.24

The group mean values given are calculated over all individual tokens, not the mean values for 
each place of articulation.
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Table 3.4.2: Mean duration (msec) (with standard deviation) of vowels preceding
intervocalic obstruents, and the difference between the means.

Speaker WG (word list):

Table 2a: Vowels before stops

[-voice] s n [+voice] s n [—v] — [+v]

la/ 120.71 13.06 4 167.49 14.96 4 -46.78

III 91.18 16.13 3 110.59 14.13 4 -19.40

fuf 96.18 22.28 6 115.19 18.32 9 -19.01

I d 100.48 33.50 4 116.39 31.12 4 -15.91

/of 114.38 19.58 5 151.13 14.78 7 -36.75

all 104.88 22.85 22 131.16 27.96 28 -26.28

Table 2b: Vowels before fricatives

[-voice] s n [+voice] s n [-v] -  [+v]

ial 137.20 17.21 3 144.39 49.37 6 -7.19

I'll 138.15 1 163.55 1 -25.05

/u/ 88.83 22.80 2 152.83 28.14 3 -64.01

id 113.15 1 164.15 1 -50.80

i d 137.02 15.24 3 152.78 22.79 5 -15.76

aU 122.59 24.80 10 151.03 33.13 16 -28.44
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Table 3.4.2 contd.

Speaker MK (word list):

Table 2c: Vowels before stops

[-voice] [+voice] 5 n [-v] -  [+v]

/a/ 160.38 13.94 205.03 20.56 5 -44.66

/i/ 102.68 3.45 145.40 29.18 4 -42.72

/u/ 127.46 28.79 152.56 14.51 8 -25.10

/e/ 154.23 16.03 162.84 53.05 4 -8.61

/g /  140.01 22.17 8 183.00 21.99 8 -42.99

ali 141.18 25.58 28 170.43 32.78 29 -29.25

Table 2d: Vowels before fricatives

[-voice] [+voice] J n [-v ] -  [+v]

/a/ 192.94 18.88 213.20 5.73 6 -20.26

/i/ 127.90 172.30 1 -44.40

/u/ 133.15 164.23 35.56 3 -31.08

/e/ 137.53 8.87 202.75 1 -65.23

lo i  163.38 16.86 181.76 13.69 5 -18.38

ali 163.45 29.53 10 190.98 25.12 16 -27.53
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Table 3.4.2 contd.

Speaker MK (sentence-final context): 

Table 2e: Vowels before stops

[-voice] s n [+voice] s n [-v] -  [+v]

/a/ 117.98 13.99 3 128.10 24.71 4 -10.12

/i/ 108.43 16.65 2 110.00 1 -1.57

/u/ 86.73 16.86 2 103.49 &P7 4 -16.76

/e/ 131.77 11.08 3 103.15 10.88 3 28.62

loi 106.89 17.31 5 104.08 20.22 6 2.81

ail 111.60 19.10 15 109.46 19.07 18 2.14

Table 2f: Vowels before fricatives

[-voice] s n [+voice] s n [-v] -  [+v]

/a/ 132.47 31.68 3 150.92 6.57 3 -18.45

/u/ 128.95 1 94.65 19.73 2 34.30

loi 99.28 28.39 2 140.42 44.69 3 -41.14

ail 120.82 29.03 6 132.91 34.93 8 -12.10
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Table 3.4.3: The percentage (and number in parentheses) of intervocalic [+voice] 
obstruents which were fully voiced according to the measurement of voicing on the 
acoustic waveform (Voicing) and of Tx (see text for definitions)

Speaker and context

WG (wl) MK (wl) MK (sent)

Voicing Tx Voicing Tx Voicing Tx

stops 74 (20) 26(7) 84(26) 13(4) 84 (16) 16 (3)

fricatives 69(11) 56(9) 81(13) 63 (10) 89 (8) 44 (4)

Table 3.4.4: Mean duration (msec) of vocal fold vibration (Tx) during partially 
devoiced stops and fricatives.

Speaker and context

WG (wl) MK (wl) MK (st)

mean s n mean s n mean s n

stops 29.81 18.97 20 47.17 19.87 27 38.97 15.28 16

fricatives 11.51 7.61 7 27.77 15.35 6 19.25 3.26 5
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Table 3.4.5: Mean duration (msec) (with standard deviation) of word-final
obstruents, and the difference between the means.

Speaker WG (word list):

mean mean [—v] — [+v]

103.21 14.55 6 94.19 11.28 9.01

!.94 13.53 12 89.72 24.60 12 -0.78

82.81 11.72 9 78.99 17.15 8 182

157.15 20.93 152.08 14.89 5.07

212.45 40.05 13 162.48 25.80 13 49.97

gj 177.80 176.30 1.50

J 208.10 16.04 3 157.84 15.14 50.26

Speaker MK (word list):

mean

142.33 17.29 9

mean

139.66 17.98

[ - V ]  -  [+v] 

2.67

122.54 14.79 17

113.40 10.10 13

117.24 20.11 19

104.62 16.82 11

5.30

8.78

197.75 7.41 184.92 32.27 12.83

258.75 31.13 16 264.75 28.61 13 - 6.00

gj 238.20 226.55 11.65

J 234.36 22.69 4 222.79 45.02 5 11.57
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Table 3.4.5 contd.

Speaker MK (sentence-final position):

mean j

110.48 14.39 2

mean j n [-v] -  [+v]

120.90 7.28 2 -10.43

102.69 11.92 7 103.09 18.29 7 -0.41

96.20 14.73 7 107.15 14.10 5 -10.95

St. 100.82 13.47 16 107.09 16.05 14 -6.26

162.88 17.78

212.51 37.29 10

J* 182.47 29.32 3

Fr. 199.88 37.60 15

152.52 20.91

192.59 24.61

191.32 7.50

181.31 26.14 11

10.36

19.92

-8.85

18.57
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Table 3.4.6: Mean duration (msec) (with standard deviation) of vowels preceding
word-final obstruents, and the difference between the means.

Speaker WG (word list):

Stops:

[-voice] s n [+voice] s n [-v] -  [+v]

/a/ 135.80 31.74 3 167.30 13.45 3 -31.50

/il 102.81 14.34 4 "'109.44 15.87 4 -6.63

/u/ 111.02 21.09 11 121.75 14.88 11 -10.73

/e/ 126.65 18.69 3 141.20 14.07 2 -14.55

/o/ 127.36 15.57 10 147.40 19.79 10 -20.04

all 119.15 21.16 31 134.51 23.73 30 -15.36

Fricatives:

[-voice] s n [+voice] s n [-v] -  [+v]

/a/ 145.08 43.72 5 173.90 19.55 7 -28.82

[i] 121.60 6.29 2 211.95 1 -90.35

[i] 102.53 25.41 3 155.68 11.77 2 -53.14

/u/ 126.35 10.54 2 169.36 18.04 4 -43.01

Id 139.93 1.45 2 183.03 2.58 2 -43.10

io! 144.53 18.99 5 182.99 19.39 7 -38.46

all 133.23 29.02 19 176.74 19.57 23 -43.51

excludes the one token of [i] present in the data.
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Table 3.4.6 contd.

Speaker MK (word list):

Stops:

/a/

/i/

fui

/e/

loi

ail

[-voice]

187.68 23.09

112.46 24.55

129.97 25.90 12

176.51 13.08

150.55 25.10 11

150.02 33.33 39

[+voice]

48

n [-v] -  [+v]

198.68 14.29 6

108.78 31.96 4

144.85 18.62 12

148.60 13.41

161.91 27.42 11

154.98 32.09 38

10.99

3.69

-14.88

27.91

-11.36

■4.97

Fricatives:

[-voice]

/a/ 194.37 27.96

[i] 176.40 30.97 2

[i] 120.90 17.16 3

lui 137.67 29.57

/e/ 197.23 35.44

loi 173.33 23.79

ail 171.82 36.58 24

[+voice] n [-v] -  [+v]

189.14 14.18 8

151.90

191.28 5.55 2

184.26 37.95 4

174.28 8.73

173.94 23.04 7

181.28 21.96 24

5.23

24.50

-70.38

-46.60

22.95

-0.60

-9.46

excludes the one token of [i] present in the data.
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Table 3.4.6 contd.

Speaker MK (sentence-final position): 

Stops:"̂ ^

[-voice] 5 n [+voice] s n [—v] — [+v]

/a/ 109.25 28.99 2 102.80 5.59 2 6.45

/u/ 82.88 2.58 2 83.96 16.80 4 -1.09

Id 104.65 13.86 2 122.55 1 -17.9

io! 100.09 22.41 8 105.92 17.96 7 -5.83

all 99.59 20.29 14 100.39 18.83 15 -0.80

Fricatives:

[-voice] s n [+voice] s n [-v] -  [+v]

/a/ 128.86 34.15 5 135.71 6.99 4 -6.85

il! 3)102.00 22.84 2 103.45 1 -1.45

id 105.30 1 85.50 7.57 2 19.80

id 130.85 1 147.65 1 -16.80

io! 134.73 27.38 5 136.19 24.04 4 -1.46

all 125.58 28.02 14 125.81 42.42 12 -0.23

This table excludes the two tokens of [i] before [-voice] stops in the data,
excludes the one token of [i] present in the data.
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Table 3.4.7: Mean duration (msec) of voicing as measured by the Tx algorithm 
during word-final obstruents.

Speaker WG (word list):

mean

2.74 3.62 8

mean

18.52 17.10

[-v] -  [+v]

-15.77

0.55 0.67 14 24.93 19.39 13 -24.38

1.32 3.47 26.91 22.40 9 -25.59

0.00 0.00 0.00

0.22 0.79 13 6.93 11.90 13 -6.71

2.00 0.00 2.00

0.00 4.35 4.89 -4.35

Speaker MK (word list):

mean

9.05 10.77 9

1.36

2.88

3.55 17

4.19 13

mean

2.32 5.17

6.24 8.49 19

6.02 13.10 11

[-v] -  [+v] 

6.73 

-4.89 

-3.13

0.00 0.00 0.00

1.31 3.50 16 0.85 2.37 13 0.46

0.00 1.35 -1.35

0.28 0.55 4 2.94 5.13 -2.67
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Table 3.4.7 contd.

Speaker MK (sentence-final position):

mean  ̂ n mean 5 n [-v] -  [+v]

p 4.03 5.69 2 b 5.90 L 70 2 -1.88

t 1.49 3.08 7 d 3.14 6.10 7 -1.65

k 1.77 3.31 7 g 3.04 3.76 5 -1.27

St. 1.93 3.32 16 3.50 4.77 14 -1.57

f 0.00 2 V 0.00 3 0.00

s 2.10 5.77 10 z 0.53 1.19 5 1.57

J 0.00 3 3 3.58 6.21 3 -3.58

Fr. 1.40 4.74 15 1.22 3.26 11 0.18
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Table 3.4.8: Mean duration (msec) of voicing measured on the acoustic waveform 
during word-final obstruents.

Speaker WG (word list):

mean

25.28 9.84 8

mean

58.40 18.80

[—v] — [+v]

-33.13

12.79 5.13 14 56.11 19.05 13 -43.31

10.07 9.77 9 53.01 22.30 -42.94

5.80 0.99 23.80 10.87 -18.00

12.06 6.61 13 33.54 15.04 13 -21.48

22.45 2.20 20.25

18.67 4.11 31.44 8.92 -12.77

Speaker MK (word list):

mean

26.96 12.91 9 b

18.99 8.07 17 d

15.95 10.52 13

mean

2 0 . 2 2  16.60

23.13 12.69 19

25.33 20.61 11

[-v] -  [+v] 

6.74 

-4.14 

-9.38

8.45 L44 12.93 4.46 -4.48

20.90 7.54 16 18.25 6.51 13 2.64

15.80 21.55 -5.75

24.49 3.09 4 26.78 17.81 5 -2.29
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Table 3.4.8 contd.

Speaker MK (sentence-final position):

mean

p 16.28 2.02

t 14.93 8.51

k 20.44 10.03

mean

b 27.30 4.17

d 20.52 14.44

23.41 12.04

[-v] -  [+v] 

-11.03 

-5.59 

-2.97

St. 17.51 8.76 16 22.52 12.18 14 ■5.02

4.93 < 5 .9 7

17.19 12.37 10

21.47 5.66 3

11.98 4.70

12.32 7.39

22.05 17.08

-7.06

4.87

-0.58

Fr. 16.41 11.45 15 14.88 10.29 11 1.52
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3.5 MATERIALS USED FOR PRINCIPAL STUDY

The materials used for the recordings made in London were revised for the principal 
study. Firstly, in the revised list there was an equal number of target words with 
intervocalic and word-final consonants. A primary objective of the pilot study had 
been to examine possible incomplete neutralisation of the word-final contrast in 
order to judge whether there was evidence to justify pursuing the question further.
In the principal study, however, it was of equal interest to establish in detail the 
temporal structure of the contrast in intervocalic position.

Secondly, the number of target words was greatly reduced and repetitions of the 
target words were introduced. This was done in order to reduce the effect of 
variables outside the focus of this project, in particular vowel quality. The results of 
the pilot study confirmed evidence from English (Peterson and Lehiste, 1960) that 
this is likely to have an effect in Russian. Word pairs with the same vowels had 
indeed been targeted in the pilot study, but other words with non-matching vowels 
had been included to increase the number of tokens^’. These were removed in the 
principal study, and instead repetitions of target words were included to increase the 
number of tokens. A range of vowel qualities was still included, however.

By changing the design in this way it was possible to include only words which 
were either minimal pairs or as near as could be selected. Not only does this 
eliminate as far as possible other factors which may affect segment duration, such as 
the number of syllables in a word (Klatt, 1974), but it also facilitates consistent 
segmentation. For example, if the initial consonant is produced with the same 
manner of articulation in the two target words being compared, a consistent decision 
on the start of the vowel is made easier.

For this reason also, the words with word-final obstruents and their equivalent with 
intervocalic obstruents were kept as similar as possible in segmental structure to 
facilitate comparisons between the contrast in intervocalic position and in word- 
final position.

All non-paired words were eliminated, so there were the same number of words 
with [+voice] and [-voice] consonants at each place of articulation.

Furthermore, it had not been predicted how many tokens had to be excluded from the analysis for 
reasons such as creaky voice, which left many tokens with non-matching vowel qualities. Creaky 
voice proved in fact not to be a problem in the principal study.

127



Materials recorded in the principal study

The revised list of target words contained 14 pairs with intervocalic and 14 with 

word-final consonants. In each of these two sets, 3 pairs contained underlying /t-d/,

3 Ik-qF  and 5 /s-z/. In addition, in each of the two word positions one word pair

was recorded with underlying /p-b/, one with li-wl and one with /J -3 /̂ .̂ The

investigation, however, concentrated on the /t-d/, /k-g/ and /s-z/ oppositions,

which provided a greater number of target words. These words analysed are given in 
Appendix 2.

There were four repetitions of each target word in the word-list recording (totalling 
224 words), together with 141 other words. These included 24 dummy words^ (as 
in the pilot recordings, section 3.4.1 above), each repeated 3 times^^ This gave a 
total of 365 words, arranged in 73 (numbered) blocks of five.

A list of sentences containing the target words was recorded^. Target words with 
both intervocalic and word-final consonants were recorded, in order to provide a 
more natural context (as discussed in section 3.4 above). In the event, as discussed 
in section 3.10 below, those with word-final consonants were not analysed. There 
were two repetitions of sentences containing target words with intervocalic 
consonants (totalling 56), 56 with words with word-final consonants and 110 others 
containing target clusters and some dummy words. This gave a total of 222 
sentences recorded by each subject. A list of sentences containing target words 
analysed is given in Appendix 2. All sentences were checked by a native Russian 
speaker (not a recorded subject) in Moscow beforehand^^. All words in the word-list 
and all sentences were randomised.

in intervocalic position there were 2  pairs containing [k] or [g], 1 pair containing [k̂ ] and [ĝ ]; in 
word-final position all stops were non-palatalised.

These word pairs were: /trupi/ (corpses), /trubi/ (pipes), /trup/ (corpse), /trub/ (pipes, GEN); 
/grafi/ (counts, N), /pravij/ (right), /graf/ (count, N), /prav/ (right); and /'dufi/ (soul, GEN sg), 
/'lu^i/ (puddle, GEN sg), /duf/ (soul, GEN pi), /IU3 / (puddle, GEN pi) 

the other 65 words contained consonant clusters (15 with final obstruent clusters, 16 with final 
obstruent+sonorant clusters, and 34 with medial or initial obstruent clusters). These were recorded 
for later investigation into the devoicing of clusters and into voicing assimilation. Each was repeated 
once.

except for four words repeated four times so the word-list could be evenly divided into blocks of 
five.

Sentences were taken from those used in the pilot study, or, in the case of target words not in the 
pilot study, new sentences were constructed.

There were 3 words which remained in non-final context {lezu, gruda, sprosa), as it was not 
possible to construct sentences with these words in final position which were acceptable to the native 
Russian speaker. These are discussed below in section 3.8 and 3.9.
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In addition, the subjects recorded a text (a short story lasting approximately 2 
minutes) containing words with both intervocalic and word-final target obstruents. 
Also recorded was a short conversation between each subject and a native Russian 
speaker^^ directed towards the production, by the subjects, of the target words with 
word-final obstruents. Both the text and the conversation were included in case 
subjects produced word-final [-f-voice] obstruents in the word-list, and possibly also 
the sentence, context with a degree of voicing likely to be the result of orthographic 
pronunciation. Recording these tokens in a more spontaneous context may lessen 
the likelihood of orthographic pronunciations occurring, and thus provide a point of 
comparison. In the event, as with the words in the sentence context, this material 
was not needed for this purpose.

Professor A. M. Antipova
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3.6 RECORDINGS AND ANALYSIS

3.6.1 Recording conditions

Recordings were made in the recording studio in the Phonetics Laboratory of the 
Maurice Thorez First State Pedagogical Institute for Foreign Languages in Moscow 
in June 1988, under the supervision of Professor Antonina Mikhailovna Antipova.

Simultaneous acoustic and electrolaryngographic recordings were made onto 
cassette tapes (TDK Cr02). The equipment used was a Uher CR160 AV dual 

channel cassette recorder, a portable laryngograph and a Sony ECM50 clip-on 
omnidirectional microphone. These were brought from University College London 
and were run on batteries. In addition, the output from the laryngograph was 
checked immediately before recording with an oscilloscope from the laboratory^^. 
The recording was continuously monitored by the author (using Sennheiser HD414 
headphones) and the laboratory head technician®.

Each recording took approximately 40 minutes in total. The speaker took a short 
break between each of the four parts of the material recorded (read text, sentences, 
word-list and conversation). During the reading of the word list the timing of the 
utterance was controlled by a short signal given by a timer before each word, at an 
interval of 2 seconds.

3.6.2 Subjects

Recordings were made of 23 subjects, all native Russian speakers who were either 
students or technicians in the Institute. Eight subjects’ recordings were selected for 
analysis^\ six female and two male between the ages of 19 and 32. All were 
students; and their details are given in Appendix 3®.

The Lx waveform was not monitored continuously during the recording because of the noise the 
oscilloscope emitted.
“  It had to be interrupted on occasion by the fact that on occasion the laryngograph picked up a 
signal emmitted from outside the university. When this happened (for one-two minutes at a time) the 
recording was paused.

The choice of speakers to be analysed was unfortunately partly restricted by the fact that a low 
amplitude 50 Hz hum was present on occasion on some recordings, and at this frequency partly 
obscured voicing on the signal. This occurred despite the fact that all recordings were carried out in 
the recording studio, using battery-operated equipment (Abberton, Howard and Fourcin, 1989).

The speakers are referred to by their number codes in the original database of 23.
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All 23 speakers recorded filled in questionnaires requesting details as to age, 
occupation, place of birth and (if not Moscow) time resident in Moscow, and 
whether they were smokers or not (as this is known to affect voice production 
(Fourcin, 1981).

3.6.3 Data analysis

3.6.3.1 DATA PROCESSING

Both acoustic and laryngographic analogue signals were low-pass filtered to 8.2 
kHz and digitised at 12-bit resolution and 20 kHz sampling rate. The Lx signal was 
then corrected for low frequency phase distortion (as described below) before being 
segmented according to the criteria laid out in section 3.3 above.

Phase distortion

Analogue tape recorders such as that used here, and the laryngograph itself, impose 
phase shifts in low frequency components in the signal, resulting in a slanting base 
line and distortion of the overall shape of the Lx cycle (Fourcin and Abberton, 1971; 
Judd, 1983; Abberton et al, 1989).

In order to correct this distortion a software filter was created®, with its input a 
rectangular wave® recorded on (and thus distorted by) the tape recorder and a 
dummy neck to simulate the varying impedance at the neck as the vocal folds are 
opening and closing (Abberton et al, 1989). The correction filters calculated were 
then applied by a second software routine® to the Speech and Lx items in all files to 
be analysed. Such processing eliminates phase distortion (Fourcin, 1981; Judd,
1983; Abberton et al, 1989).

3.Ô.3.2 TOKENS ANALYSED

The target words analysed (Appendix 2) consisted of 11 pairs with intervocalic and 
11 with word-final obstruents (3.5 above). In each of the two lists, three pairs

contained the target consonants /t/-/d/, three /k/-/g/® and five /s/-/z/.

using the ‘phasesq’ software routine for the Masscomp which is similar to that described by Judd 
(1983).
^ with a mark:space ratio of 4:7 

‘phasecor’
66 two of these pairs contained [k] and [g], one [k-*] and [g’j.
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In the word-list context, the number of tokens analysed totalled (44 words x 4 
repetitions x 8 subjects =) 1408 (with three intervals measured for each).

There were two repetitions of each target word in the sentence context^^. The words 
containing intervocalic consonants only were analysed (3.5 above), giving (22 
words X 2 repetitions x 8 subjects =) 352 tokens (again with three intervals 
measured in each).

Tokens discounted

Two measurements for intervocalic /d/^ were excluded which were less than 20 
msec and which therefore appeared to be produced as flaps rather than stop closures. 
They were excluded because they would otherwise have biased results in the 
expected direction.

Unlike the pilot study, there was no problem with creaky voice in the principal 
study.

3.6.4 Measurements

Analysis of the recordings were made using Masscomp software which allowed 
permanent annotations to be entered into the speech file; a software routine was then 
written to extract the durational measurements. As in the pilot study, annotations 
could be placed to the accuracy of 0.05 msec.

Measurement criteria were as those used in the pilot study and are outlined in 
section 3.3. above. In the case of word-final consonants in the principal study, 
however, the duration of voicing into the constriction was measured on the acoustic 
waveform rather than according to the cycles on the laryngograph waveform 
recognised by the Tx algorithm (3.3 above). This is because, as noted above in the 
pilot study and as discussed in more detail in 3.7 below, voicing on the acoustic 
waveform often carries on for longer than high amplitude Lx cycles. The two 
waveforms thus give differing information; and the information from both regarding 
the production of voicing in intervocalic consonants is analysed in 3.7. In the case of 
word-final consonants, however, the primary issue addressed is whether voicing

In the second repetition of the sentence containing poroga, [cf] was recorded (during typing by a 
Russian assistant na poroge [pArog î] was substituted for « poroga [pxrogo]), and was therefore 
analysed with the other instances of [g*].
^ one example of gruda each from speakers 13 and 19 produced in the sentence context. All non
sentence final tokens were in fact excluded from some of the analyses, as described below in 3.8.
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continues on the acoustic waveform as it has been found to do for other languages in 
similar positions (2.3 above).
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3.7 THE PRODUCTION OF VOICE DURING INTERVOCALIC 
OBSTRUENTS

This first section of the production study examines the production of vocal fold 
vibration during intervocalic obstruents in Russian. Three issues important to the 
structure and perception of voicing in Russian are addressed: firstly, whether 
[+voice] obstruents are characterised by voicing throughout the constriction (and 
whether [-voice] obstruents characterised by a complete absence of voicing); 
secondly, whether the duration of voicing during the consonant is dependent on the 
duration of the consonant itself; and thirdly, whether or not there is variation in the 
mode of vocal fold vibration, as shown by the laryngograph waveform, during 
[+voice] obstruents which may explain differences in the duration of voicing 
between utterances.

The first part (3.7.1) examines the presence or absence of voicing during 
intervocalic [-voice] obstruents. This characterisation provides a point of 
comparison both with intervocalic [+voice] obstruents and also with word-final 
[-voice] and [4-voice] obstruents. The following (3.7.2) addresses the issue of 
whether the [4-voice] obstruents in this data are voiced throughout. The degree to 
which intervocalic [4-voice] obstruents are voiced is examined: both in terms of the 
proportion of obstruents which were fully voiced or devoiced, and also the portion 
of the consonantal constriction which is voiced or voiceless. As outlined in Chapter 
2.4, it is a widely accepted view that [4-voice] obstruents in Russian are produced 
with vocal fold vibration throughout. However, examples of partially devoiced 
fricatives from one speaker are given in Derkach et a l (1983). Moreover, as 
discussed in Chapter 2, partial devoicing has been found in English in the case of 
both fricatives (Haggard, 1978; Stevens et al., 1992) and stops (Flege and Brown, 
1982a).

The second issue investigated in this section, whether the duration of voicing during 
the consonant is dependent on the duration of the consonant itself, is addressed in 
sections 3.7.3 and 3.7.4. As outlined in Chapter 2, Ohala (1983) and Klatt (1975b) 
refer to the greater likelihood of voicing ceasing during a stop the longer the closure. 
There is in addition evidence in English (Haggard, 1978) that partially devoiced 
fricatives are longer than fully voiced fricatives. The duration of fully voiced and 
partially devoiced obstruents were therefore compared. This in turn raises the 
question of whether the partial devoicing found is in fact just a result of longer 
consonantal duration, where the duration of the constriction exceeds the time the
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speaker typically maintains voicing. If this were the case, it would be expected that 
the duration of vocal fold vibration during partially devoiced obstruents would be 
the same (in absolute terms) as that in the fully voiced obstruents. This 
interpretation was tested by comparing the duration of voicing during fully voiced 
and partially de voiced obstruents.

Thirdly, the laryngograph waveform is examined (3.7.5-6) for information as to the 
mode of vocal fold vibration during the production of the [+voice] obstruents. 
Variation (both inter- and intra-speaker) in the movement of the vocal folds, as 
indicated by the laryngograph output, has been found in English both during voiced 
stops (Lindsey, Davies and Fourcin, 1986) and at the offset of voicing (Howard and 
Lindsey, 1988). In addition, as discussed in chapter 2 (2.1.1.1), there is evidence of 
partial opening of the glottis throughout the vibratory cycle during [+voice] 
fricatives in English. Moreover, the model of fricative production given by Stevens 
et al. (1992) predicts that the continuation of voicing during a [+voice] fricative will 
be affected by the degree of glottal opening. The electrolaryngograph gives 
information as to the degree of contact between the vocal folds (section 3.2). The 
waveform was therefore examined for evidence of partial opening, and, furthermore, 
whether such partial opening was related to the cessation of vocal fold vibration.

3.7.1 Duration of voice during intervocalic [-voice] obstruents

Intervocalic voiceless obstments were produced with voicing continuing into the 
stop closure or period of frication. The mean duration of voicing, as measured on 
the acoustic waveform, during these obstruents is given in Table 3.7.1. It can be 
seen that for most subjects there is a short period of voicing of about 10-20 msec. In 
some cases, however, it lasts a considerable amount of time: 30-40 msec, on 
occasion even longer. It is difficult, given the small number of tokens in the 
sentence context, to determine whether there is a greater duration of voicing into 
consonants in this context compared to the word-list context, although there is 
evidence that this may be so for subjects 11,16 and 17, for example. However, one 
subject in particular, subject 18, did produce consonants with noticeably longer 
periods of voicing continuing into the constriction. A stop closure such as that in 
Figure 3.7.d is typical for this speaker. It can be seen that much of the voicing is at a 
low amplitude level, with a gradual decline to this level. A decrease in the amplitude 
of the laryngograph waveform is also often evident. This pattern is discussed further 
in sections 3.7.5-6 below.
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3.7.2 Partial devoicing of intervocalic [+voice] obstruents

3.7.2.1 INCIDENCE

Partial devoicing is defined here (as in Haggard, 1978) as the cessation of detectable 
voicing on the acoustic waveform before the end of the closure, in the case of stops, 
or the end of friction, in the case of fricatives. There was not an exact match 
between the cessation of the periodic waveform on the acoustic signal and the 
cessation of vocal fold vibration as shown on the laryngograph output. The 
relationship between the acoustic and laryngograph waveforms is discussed below 
(sections 3.7.5-6).

Both partially de voiced fricatives and stops were found in the data. An example of a 
partially devoiced stop is given in Figure 3.7.e, and of a partially devoiced fricative 
in Figure 3.7.f.

The incidence of partial devoicing is shown in Table 3.7.2®. There was some 
variation between speakers. One subject (speaker 10) produced all [4-voice] 
obstruents as fully voiced. Two (speakers 11 and 13) occasionally partially devoiced 
fricatives and one (speaker 19) occasionally partially devoiced stops and fricatives. 
The other four (speakers 4, 16, 17 and 18) de voiced a higher number of obstruents, 
fricatives in particular: in the case of speaker 16, seven of the eight fricatives in the 
sentence context were devoiced. In the case of speaker 18, partial devoicing 
occurred in the production of both fricatives and stops, but only in the word-list 
context.

There was a higher incidence of devoiced fricatives than of stops in both contexts. 
Overall, only 4.69% of stops were partially devoiced in the word-list context, 
compared to 25.63% of fricatives. In the sentence context, 3.75% of stops and 
39.06% of fricatives were partially devoiced. In the case of each speaker, a greater 
number of fricatives were devoiced than stops, and in many cases no stops were 
devoiced at all.

There were too few instances of the devoicing of stops to reliably assess the 
relevance of place of articulation. There was a marginally larger number of 

instances of devoicing of a velar stop ([g] or [g-*]) than of /d/ (eight (5.6%) compared

In this and following calculations, the tokens of lezu and gruda in the sentence context have been 
excluded, as they occurred in non-final position, which may affect their temporal characteristics
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with four (3.1%)), but obviously more data is needed to draw any conclusions from 
this.

3.7.2.2 VOICED QUOTIENT

The voiced quotient (the duration of voicing as a percentage of the duration of the 
consonantal constriction) gives one measure of the degree to which individual 
obstruents are devoiced. Table 3.7.3 (together with Figure 3.7.a) gives the average 
of the voiced quotient for all of the tokens which were not fully voiced.

A difference between fricatives and stops is apparent: the voiced quotient was 
smaller for partially devoiced fricatives than for partially devoiced stops. The mean 
over all tokens from all speakers shows that partially devoiced stops were produced 
with voicing during 82-84% of the consonantal closure, whereas voicing was 
produced during only 53-56% of a fricative.

3.7.3 Comparison of partially devoiced and fully voiced obstruents

3.7.3.1 CONSONANT DURATION

When the duration of fully voiced and partially devoiced fricatives are compared 
(Table 3.7.4a and Figure 3.7.b), it can be seen that in most cases the partially 
devoiced fricatives are longer than the fully voiced counterparts produced by the 
same speaker.

One-way repeated measures analyses of variance were carried out on the mean 
durations of fully and partially voiced fricatives for each speaker who produced 
partially devoiced fricatives, in firstly the word-list context and secondly the 
sentence context^®. In each analysis the one factor was Voicing (i.e. fully voiced vs. 
partially de voiced). In both contexts the difference in duration was significant but 
only at the 5% level (word-list context: F(l,6) = 8.16, p = 0.029; sentence context: 
F(I,5) = 9.46, p = 0.028).

Table 3.7.4b gives the duration of fully voiced and partially devoiced stops. 
However, as the incidence of devoicing of stops was low (Table 3.7.2), and the 
mean durations of the partially devoiced stops represent only one or two tokens

(section 3,7 above). There were no instances of partial devoicing of gruda in the sentence context; 
there were four instances of partial devoicing of lezu (one each from speakers 13, 16, 17 and 19).

Separate analyses of the values in the word-list and sentence context were performed because of 
the absence of partially devoiced fricatives in the case of speaker 18.
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(except in the case of speaker 18), a comparison between the two groups of stop is 
not possible.

3.7.3.2 DURATION OF VOICING

A comparison of the absolute duration of voicing in partially devoiced and fully 
voiced obstruents is given in Table 3.7.5a (fricatives), together with Figure 3.7.C, 
and 3.7.5b (stops).

The duration of voicing (as measured on the acoustic waveform) was shorter in the 
partially devoiced fricatives than it was in the fully voiced fricatives produced by 
the same speaker in the same context. A one-way repeated measures ANOVA was 
carried out on the mean duration of voicing during fully voiced and partially 
devoiced fricatives for each speaker who produced partially devoiced fricatives. As 
in section 3.8.3, separate ANOVAs were carried out on the word-list and sentence 
values. Again the one factor was Voicing. The difference in the duration of voicing 
in fully voiced and partially devoiced fricatives was significant (word-list context: 
F(l,6) = 87.26, p < 0.005; sentence context: F(l,5) = 17.81, p = 0.008).

From Table 3.7.5b it can be seen that the duration of voicing in partially devoiced 
stops was less than that in the fully voiced stops produced by the same speaker in 
five out of the six cases where devoiced stops were produced. However, as 
discussed above, as the incidence of partial devoicing was very low, and, although it 
is possible that stops behave in the same way as fricatives in this regard, no firm 
conclusions can be drawn.

3.7.4 Discussion of the temporal structure of fully voiced and partially devoiced 
obstruents

The data discussed in sections 3.7.2 and 3.7.3 above shows that, contrary to 
textbook accounts (for example, Jones and Ward, 1969), intervocalic [4-voice] 
fricatives and stops are not always voiced throughout, and that the partial devoicing 
of fricatives exemplified in Derkach et a l (1983) is frequent: 25% of /z/ in word list 
and 39% in the sentence context were partially devoiced. The partial devoicing of 
fricatives is much more frequent than that of stops, and a greater proportion of the 
consonant is voiceless.

The incidence of partial devoicing is speaker dependent, as it has been found to be 
in English with regard to both stops (Flege and Brown, 1982a; Lindsey, Davies and 
Fourcin, 1986; Kim, 1989; Docherty, 1992) and fricatives (Docherty, op. cit.’, Smith,
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1997). It is also, however, connected to the duration of the consonant: for most 
speakers partially devoiced fricatives were on average longer than those which were 
fully voiced, a finding which matches the situation in English (Haggard, 1978). It is 
possible that this applies to stops also in Russian, but the number of devoiced stops 
was too small to assess this.

One explanation of partial devoicing would thus be that it is simply an artefact of 
consonant duration: the increase in intra-oral air pressure during a stop closure can 
obviously lead to the cessation of voicing if no, or insufficient, expansion of the 
vocal tract takes place. Under this explanation, therefore, if the obstruent 
constriction lasts longer than the speaker can maintain voicing, a section of 
unvoiced constriction will follow.

This interpretation would predict a place of articulation effect for stops: the 
incidence of devoicing would be higher for velar stops than for dental stops, where 
the larger cavity behind the closure would delay the equalisation of the transglottal 
pressure difference. This effect is not clearly present in this data because of the low 
incidence of stop devoicing, however.

This does not appear to be the cause of the devoicing of the fricatives in the present 
data, however. There is certainly clear evidence from previous research that 
fricatives are like stops in that the intra-oral air pressure during a fricative is greater 
than that during surrounding vowels (for example, Halle and Stevens, 1967). In 
addition, Perkell (1969) found that expansion of the supraglottal cavity occurred in 
the case of [+voice] fricatives as well as stops, indicating a possible strategy to 
reduce intra-oral air pressure to continue voicing.

However, it is not clear that the cause of the cessation of voicing during a fricative 
would be a gradual build-up of air pressure during the constriction, as it may be in 
the case of a stop. Rather, the models proposed by Haggard (1978) and Stevens et 
al. (1992) would predict that an intra-oral air pressure which prevents voicing arises 
from one or both of two causes: a narrower supraglottal constriction, and a laryngeal 
configuration which favours air flow over production of voicing.

This second factor may account both for the higher incidence of devoicing in 
fricatives than in stops found in the present data, and also the higher percentage of 
the consonant duration which is voiceless: a laryngeal configuration is frequently 
adopted which results in greater air pressure for frication but which leads to the 
absence of voice during a large part of the fricative.
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The absolute duration of voicing found in this data supports an interpretation such 
as this, where partially devoiced and fully voiced fricatives differ in their production 
other than by their duration alone. The partially devoiced fricatives were produced 
with significantly less voicing (in terms of the absolute duration into the consonant) 
than fully voiced fricatives. In other words, it was not the case that the partially 
devoiced fricatives were those where the friction lasted longer than the speaker 
typically maintained voicing. The length of the constriction itself was therefore not 
the cause of the devoicing, at least in the case of the fricatives. There was no clear 
pattern with regard to the duration of voicing during stops because of the low 
incidence of devoicing.

It may be argued that the fully voiced consonants are those where there is active 
expansion of the vocal tract, for example expansion of the pharyngeal cavity, as a 
result of which voicing is maintained for a longer period of time. It is possible that 
the occurrence of such expansion may vary between utterances.

An alternative explanation in the case of fricatives is that the laryngeal configuration 
and/or the supraglottal constriction of partially devoiced fricatives differs from that 
of fully voiced fricatives. In order to investigate this explanation, the laryngograph 
waveform (Lx) was examined. The aim was to establish whether there was evidence 
of differences in the laryngeal configuration during the production of [+voice] 
obstruents depending on whether they were fully voiced or partially devoiced.

3.7.5 Electrolaryngographic analysis of patterns of vocal fold vibration during 
[+voice] obstruents

One of the patterns found in fully voiced obstruents is illustrated in Figure 3.7.g, for 
a /z/ produced by speaker 10. The amplitude of the peak of each cycle is high 
throughout, indicating a degree of contact between the vocal folds which is similar 
to that in the previous vowel. This pattern was typical for this speaker, both in 
fricatives and in stops (Figure 3.7.h). Here it can be seen that there is a slight 
decrease in the amplitude of the positive Lx peaks towards the end of the closure, 
indicating a gradual slight reduction in contact between the vocal folds.

This pattern was common also in the case of the other male speaker, subject 13; 
Figure 3.7.i gives an example of a fully voiced fricative produced by this speaker. A 
similar pattern is shown in Figure 3.7.J, a stop produced by the female speaker 
subject 16. This type of laryngographic pattern illustrated in Figures 3.7.g-j is 
referred to as Pattern A below.
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Not all the fully voiced obstruents were produced with this mode of vocal fold 
vibration, however. In Figure 3.7.k, a fricative produced by speaker 13, the Lx 
waveform shows a drop in amplitude for two cycles. The lower amplitude of the 
positive peaks indicates a reduction in the contact area between the vocal folds at 
the maxima of the vibratory cycle compared with adjacent periods of phonation. In 
addition, the shape of the cycles on the Lx waveform suggests that the cycles 
preceding and following this period appear to have a relatively short closed phase 
and long open phase compared with phonation during the adjacent vowels: further 
analysis of the open phase of the Lx cycles would confirm this. This type of pattern 
is referred to below as Pattern B \

Figure 3.7.1 shows a fricative where there is a considerable interval (approximately 
55 msec) of low amplitude but clearly detectable Lx cycles. This pattern occurred 
frequently in the case of this speaker (17). Figures 3.7.m and 3.7.n show similar 
examples from two other female speakers, subjects 4 and 11. This type of pattern, 
with a longer period of low amplitude Lx peaks, will be referred to as Pattern C^.

In these examples (Figures 3.7.k-n: Patterns B and C), the low amplitude cycles on 
the Lx waveform are followed by modal phonation towards the end of the frication. 
In addition, voicing on the acoustic waveform continues throughout. In further 
cases, however, the low amplitude cycles were followed by complete cessation of 
vocal fold vibration as shown on the Lx waveform and also of voicing on the 
acoustic waveform. An example produced by speaker 17 is shown in Figure 3.7.f. 
Such a pattern, low amplitude peaks followed by complete cessation, will be 
referred to as Pattern D.

Not all the partially devoiced fricatives were produced with such a noticeable 
interval of low amplitude vocal fold vibration. For example, in Figure 3.7.0 the 
cessation of voicing is more abrupt (Pattern E).

An interval of sustained low amplitude Lx cycles as found in Patterns C and D was 
found elsewhere also: for example, at the offset of voicing at the end of the word 
(which was in this context also the end of the utterance), as can be seen in Figures
3.7.1 (speaker 17) and Figure 3.7.p (speaker 18). Examples of it were found also 
during a complete supraglottal closure, as can be seen in the same figure (3.7.p):

The labelling of these patterns is for ease of identification during the discussion only and is based 
purely on the appearance of the Lx waveform: whether they reflect different laryngeal configurations 
is discussed below in section 3.7.6.

Whether Patterns B and C reflect different laryngeal configurations or not is discussed in section 
3.7.6 below.
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during an intervocalic [+voice] stop, and also, although these were not the primary 
object of study here, during a word-initial stop and during the tap of a trilled [r] .

3.7.6 Discussion of the laryngograph waveform

To summarise, a variety of Lx patterns were found during intervocalic [4-voice] 
obstruents. Some patterns (B, C and D) were characterised by a period of low 
amplitude cycles which in some cases (Pattern D), but not all, was followed by 
complete cessation of voicing. Firstly, the interpretation of these patterns containing 
an interval of low amplitude Lx cycles (Patterns B, C and D) requires some 
discussion. As outlined in section 3.2 above, the amplitude of the laryngograph 
output depends on the level of conductance across the vocal folds, which increases 
with a greater degree of contact. The drop in amplitude of the positive peaks 
compared to adjacent periods of voicing would therefore suggest continued 
vibration with a smaller area of the vocal folds in contact.

As this reduction in conductance is relative to adjacent periods of phonation, factors 
which may affect overall Lx amplitude, such as electrode placement or the 
conductivity of the skin (Roubeau, Chevrie-Muller and Arabia-Guidet, 1987; 
Rothenberg and Mahshie, 1988; Abberton et a l, 1989) can be discounted. As can be 
seen in, for example. Figure 3.7.n, there is a reduction in the amplitude of the 
negative peak also. Although baseline movements may reflect vertical gross larynx 
movement (Gx) (Fourcin, 1981; Abberton et a l, 1989), what appears to be 
happening here is rather a gradual movement of the vocal folds to their position 
during voicelessness.

The reduction in the amplitude of the positive peaks on the Lx waveform may not be 
accompanied by an obvious reduction in the amplitude of voicing on the acoustic 
waveform (for example Figure 3.7.1). Fourcin (1981) notes the importance of the 
sharpness of vocal fold contact (i.e, the speed at which closure is achieved along the 
length of the vocal folds) in determining the acoustic response. Movement of the 
vocal folds with no sharp closure results in little or no acoustic response (Lebrun 
and Hasquin-Deleval, 1971; Howard and Lindsey, 1988). In the latter study, of 
acoustic and laryngographic waveforms at the offset of voicing utterance-finally, 
Howard and Lindsey found both inter- and intra-speaker variation in the occurrence 
of Lx patterns, one of which was Lx waveforms with high amplitude closure peaks 
being accompanied by an acoustic waveform of low amplitude.

In the present study, the opposite is the case: although the amplitude of the Lx signal 
is low, the amplitude of the acoustic waveform is as high as in adjacent periods of
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phonation. A possible interpretation of the relation between the two waveforms 
(acoustic and laryngographic) is therefore that, despite the small contact area, the 
closing movement of the vocal folds is sufficiently sharp to generate a similar 
amount of acoustic energy as in preceding periods of phonation.

The period of reduced contact may reflect one of several possible laryngeal 
configurations: the Lx signal gives an overall measure of the contact over the whole 
surface in contact, but does not give information as to the contact of particular parts 
of the vocal folds (for example, Childers, Hicks, Moore and Alsaka, 1986).

Firstly, the reduction in the area in contact could be cross-sectional, with, for 
example, only the edges of the vocal folds coming into contact at the maxima of 
each glottal cycle. The Lx waveforms are similar in their amplitude to waveforms 
for falsetto voice (Fourcin, 1974; Roubeau et al., 1987^). In this voice quality, the 
edges of the vocal folds are thin due to longitudinal stretching (Laver, 1994), which 
may account for the lower amplitude of the Lx cycles. It is unlikely, however, that 
the Lx pattern in the present data reflects a long term laryngeal setting such as 
falsetto, as it occurs at certain points only in relation to the supralaryngeal 
configuration: during a complete or partial constriction (for stops, the taps of a 
trilled /r/ and fricatives) or at an utterance-final voicing offset.

Howard and Lindsey (1988) note that a low amplitude Lx waveform is associated 
with phonation at a high fundamental frequency (relative to the individual’s range). 
However, as can be seen from Figure 3.7.f (Pattern D), Figure 3.7.k (Pattern B) and 
3.7.1-n (Pattern C), no such sudden increase in fundamental frequency is obvious at 
the onset of the low amplitude cycles.

It may still be the case, however, that the Lx waveform does represent reduced 
cross-sectional contact. Laria (1991) interprets the low amplitude Lx cycles found in 
[4-voice] stops in Arabic as possibly indicating slack vocal folds, as proposed by 
Halle and Stevens (1971) to account for continued vocal fold vibration when the 
transglottal pressure difference is reduced during a supraglottal constriction. In this 
model slack vocal folds, defined as reduced coupling between the upper and lower 
edges of the vocal folds (Halle and Stevens, 1971), would continue to vibrate even 
when the glottal width is increased. Such an increase in glottal area is proposed by 
Halle and Stevens (1967) and Stevens et a l (1992). Although the pattern in Arabic

The equipment used in this study was a Frokjaer-Jensen EG 830 electroglottograph.
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was a gradual decrease in the amplitude of the Lx, not a sudden decrease as found 
here, it is possible that this represents a similar configuration, where there is 
complete longitudinal contact but where the cross-sectional surface area of the vocal 
folds in contact is reduced, possibly as a result of an increased glottal width.

A second possibility is that the vocal folds are not in contact at all at any point in the 
cycle, but “simply ‘flap in the breeze’ of the high-velocity air-flow” (Catford, 1977: 
99). A type of breathy voice is produced, with the vocal folds moving sufficiently to 
produce energy on the acoustic waveform. Such a lack of contact was found during 
phonation by some subjects by Noscoe, Fourcin, Brown and Berry (1983) in their 
radiographic and laryngographic analysis of voicing. This is the interpretation 
suggested for one type of voicing offset (into silence) found by Howard and Lindsey 
(1988), where very low amplitude cycles on the Lx waveform were detected. In the 
examples given above, however, the amplitude of the Lx waveform, although lower 
than during modal phonation, was not negligible (with the possible exception of 
Figure 3.7.k: Pattern B). This suggests that there is at least some contact between the 
vocal folds.

A third possibility is that the reduction in contact area could be longitudinal: with 
the vocal folds vibrating along part of their length, but being kept apart along the 
remainder of their length throughout the vibratory cycle, thus resulting in a smaller 
degree of conductance. This is the pattern of vocal fold vibration found during 
[+voice] fricatives by the transillumination studies discussed in Chapter 2 (section 
2.1.1.1) (Abramson, 1967; Lisker, Abramson, Cooper and Schvey, 1969). Halle and 
Stevens (1967) and Klatt (1967) suggest that during a voiced fricative it is probable 
that “the glottis remains open during the entire vibratory cycle” (Halle and Stevens, 
1967: 269). Although it is not clear whether a complete or partial separation along 
the length of the vocal folds is suggested, either configuration would lead to the 
greater air flow found by Klatt during voiced fricatives compared to vowels '̂ .̂

If the low amplitude Lx cycles reflect such a configuration, an increase in the 
amplitude of the friction noise would be expected. In Figure 3.7.k (Pattern B), a 
greater amplitude of frication is apparent compared to Figure 3.7.i (produced by the 
same speaker), where modal voicing (Pattern A) continued throughout. It is 
possible, in addition, that the increase in the amplitude of frication is caused by an 
increase in the supraglottal constriction {i.e. a decrease in the cross-sectional area of

although partial separation of the vocal folds (posterior glottal opening) throughout the vibratory 
cycle has been found for some speakers during vowel production also (Hanson, Stevens, Kuo, Chen 
and Slifka, 2001).
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the constriction) (Stevens et a l, 1992). Such an increase may lead to an increase in 
the open phase of the vocal fold vibratory cycle: Bickley and Stevens (1987) report 
a controlled decrease in the cross-sectional area of a supraglottal constriction being 
accompanied by an increase in the average open phase of cycles. This increase in 
the open phase would itself contribute to an increase in air flow and thus amplitude 
of frication. Such an increase in the open phase during the fricative is apparent in 
Figure 3.7.k.

A likely interpretation of this fricative (Pattern B) is therefore that the open quotient 
of the vocal fold vibratory cycles gradually increases, with a possible increase in the 
supraglottal constriction. The amplitude of frication is increased with the greater air 
flow. For 2-3 cycles in the middle of this period of phonation the vocal folds do not 
close along all of their length, thus increasing the air flow even more.

It is possible that the low amplitude Lx cycles present in Figures 3.7.1-n (Pattern C) 
also reflect this laryngeal configuration. An increase in the amplitude of friction 
noise when the Lx waveform changes from a modal to low amplitude is apparent in 
Figure 3.7.m. It is not, however, evident from the acoustic waveform in others (for 
example. Figure 3.7.1). Further analysis of the frication amplitude in relation to the 
amplitude of the Lx signal would show whether this is the case or not.

A similar sustained interval of low amplitude Lx cycles is often followed by 
complete cessation of voicing (Pattern D) (although devoicing is not always 
preceded by this mode of vocal fold vibration). If the low amplitude cycles in 
Patterns C and D do represent partial opening of the glottis, then the opening itself 
could lead to cessation of vocal fold vibration as the transglottal pressure difference 
is reduced more quickly than would otherwise be the case (Haggard, 1978).

However, the occurrence of complete devoicing does not lend unqualified support to 
this interpretation of the low amplitude Lx waveforms, as such low amplitude cycles 
are not always followed by complete cessation. Furthermore, there was not a 
complete match between an individual speaker’s tendency to show such low 
amplitude cycles and a high incidence of devoicing. Thus, although speaker 17 
showed both a high incidence of partial devoicing of fricatives (54%) and typical Lx 
waveforms showing low amplitude Lx cycles both at the cessation of vocal fold 
vibration (Pattern D) and during fricatives which were fully voiced (Pattern C), the 
low amplitude Lx waveform was also common for speaker 11 also who, however, 
only partially devoiced two tokens. Therefore, if these intervals of low amplitude Lx 
cycles do indicate partial opening of the glottis, then there must be at most only a 
tendency for it to cause complete devoicing.
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Moreover, the fact that periods of apparently similar low amplitude Lx cycles were 
found also in the production of stops in the same speakers (and also during [r]) 
presents two problems for an explanation of these patterns in terms of partial 
opening to allow increased air flow for frication. Firstly, it cannot obviously be a 
specific strategy to produce friction in fricatives, although it could still be argued 
that it may be a speaker-dependent voicing characteristic which occurs during 
supraglottal constrictions and at voicing offsets, and which had the effect during a 
[+voice] fricative of increasing air flow and thus the amplitude of frication.

The second problem, however, is that it could be expected to be fatal for the 
continuation of voicing during a stop closure, as it would rapidly reduce the 
transglottal pressure difference. The fact that the interval of low amplitude cycles, 
when it occurs in stops, tends to occur towards the end of the closure (for example. 
Figure 3.7.p) would suggest that it may reflect a laryngeal configuration where 
voicing is maintained when the transglottal pressure difference is reduced: for 
example, reduced vocal fold tension as in Halle and Stevens’ 1971 model.

It is therefore possible that these low amplitude cycles when they occur during a 
[+voice] stop do not represent a partially open glottis. Furthermore, it follows from 
this that either the pattern does not reflect a partially open glottis during fricatives 
either, or that an apparently similar Lx pattern represents different laryngeal 
configurations. If there is no apparent increase in frication, this would suggest that 
the glottis is not partially opened (although the amplitude of frication may be 
affected also by the closeness of the supraglottal constriction).

However, where there is an increase in the open phase preceding the low amplitude 
Lx cycles (as is apparently the case in Figure 3.7.k), it is possible that the laryngeal 
configuration being adopted is one which favours air flow over voicing, and the 
vocal folds then come apart along at least part of their length during the whole of the 
vibratory cycle. This sequence of events appears compatible with Stevens et al.'s 
model of the glottal area during [+voice] fricative production. Further analysis to 
include the open phase of the laryngograph signal, air flow and the amplitude of 
frication would clarify the interpretation of the laryngeal configurations.

In summary, there was considerable variation between speakers in the mode of 
vocal fold vibration during the [+voice] obstruents in this data, which is not always 
evident from the acoustic waveform but which is shown by the laryngograph signal. 
The latter gives indirect information only as to the laryngographic configuration.
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however, so is open to interpretation. What is evident from these results is that, 
firstly, some fully voiced obstruents are produced with modal phonation throughout 
whereas others are produced with a period of reduced contact between the vocal 
folds. This reduced contact appears to represent in many cases a partially open 
glottis, as it is accompanied by an increase in frication. Further analysis of frication 
intensity would show whether this is the case for all occurrences. An apparently 
similar configuration is found for some partially devoiced fricatives, where such 
reduced contact is followed by complete cessation.

The laryngographic analysis therefore does not show conclusively that a laryngeal 
configuration adopted for partially devoiced obstruents is different to that for fully 
voiced obstruents. Rather, it shows variation, both inter-speaker and inter-token, in 
the configurations for fully voiced obstruents, one of which, that of reduced contact, 
appears to be the same as that frequently adopted at the start of partially devoiced 
fricatives. Other factors such as differences in the degree of supralaryngeal 
constriction determine why an apparently similar configuration leads to devoicing in 
some cases but not others.
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Table 3.7.1. Mean duration of voicing (in msec, with standard deviation in 
parentheses) on the acoustic waveform during intervocalic [-voice] obstruents. For 
each speaker in the wordlist, for [t], n=12, [k], n=8, [k ]̂, n=4, [s], n=20. In the 
sentence context, for [t], n=6, [k], n=4, [k̂ ], n=2, [s], n=10.

Speaker

4 10 11 13 16 17 18 19

word-list

t 12.6 18.3 18.4 15.7 12.9 12.9 39.3 20.2
(j.g; (7.7) (9.6) (5.7) (4.7) (6.8) (5.1) (9.6)

k 15.9 13.0 17.7 11.7 23.6 9.7 30.6 18.4
(7.3] (7.8) (7.2) (6.1) (10.1) (4.0) (5.0) (6.4)

W 12.4 16.9 10.7 19.3 19.3 12.3 33.8 17.8
(5.0) (6.9) (5.3) (4.8) (11.9) (2.5) (4.7) (9.5)

s 9.1 18.5 18.5 15.5 7.5 16.1 23.8 27.1

(̂ .&) (4.5) (7.4) (3.6) (3.5) (7.6) (6.6) (9.0)

sentence

t 22.9 24.0 39.2 13.8 40.4 46.7 47.6 32.3
(12.0) (10.6) (8.7) (13.6) (14.5) (15.2) (4.5) (11.5)

k 19.7 22.9 31.0 13.6 39.5 37.6 39.6 15.7
(14.4) (4.3) (7.4) (10.0) (5.7) (4.0) (9.5) (8.0)

kj 21.9 20.9 41.6 10.8 27.9 39.5 48.0 41.4
(6.2) (0.3) (14.5) (15.2) (0.4) (5.3) (0.6) (7.8)

s 19.4 19.1 31.7 25.2 17.2 26.0 29.9 24.5

(7.8) (5.9) (13.1) (5.7) (6.6) (13.0) (16.6) (12.3)
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Table 3.7.2. Incidence of partial devoicing of intervocalic [+voice] obstruents
(where n = total number of [+voice] obstruents in the category).

word-list
stop 
(n = 24)

fricative
(n = 20)

10

0

0

11

0

2

Speaker 
13 16 17

0

9

18

6

9

19

2

4

sentence
stop
(n = 10)

fricative
(n = 8)

Table 3.7.3. Duration of voicing as a percentage of the consonant duration during 
partially de voiced consonants (mean of the voiced percentage for each token). The 
figures in this table and in Tables 3.7.4a and 3.7.5a below exclude all (non-final) 
tokens of lezu in the sentence context.

word list sentence

stops
mean s

fric.
mean s

stops
mean s

fric.
mean s

4 47.49 6.87 82.68 (n=l) 59.96 20.46

11 64.91 5.70 45.30 15.54

13 32.53 (n=l) 40.44 9.73

16 94.51 (n=I) 57.46 11.00 84.62 (n=l) 65.90 10.80

17 52.10 57.25 14.03

18 78.14 16.48 53.06 12.59

19 85.67 0.49 59.75 12.05 84.51 (n=l) 38.80 10.79

group 81.63 14.28 53.11 10.89 83.94 1.09 55.96 16.13
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Table 3.7.4a. Mean duration (in msec) of fully voiced and partially devoiced
[+voice] fricatives.

word list sentence

full part full part

mean s mean s mean s mean s

4 84.1 12.1 89.5 15.1 65.7 18.2 89.1 8.1

10 90.8 9.8 59.3 12.2

11 106.9 15.8 112.6 3.9 103.4 17.4 108.8 14.7

13 81.4 13.5 91.6 (n=l) 79.1 17.2 78.5 7.7

16 77.2 13.9 76.9 12.9 56.0 (n=l) 74.4 4.9

17 94.3 15.7 95.3 8.7 92.5 2.4 98.8 9.7

18 86.7 19.7 107.8 15.3 77.2 18.1

19 73.8 12.2 88.5 4.3 84.3 7.9 101.1 14.1

Table 3.7.4b. Mean duration (in msec) of fully voiced and partially devoiced 
[+voice] stops. The figures in this table and in Table 3.7.5b below exclude all (non
final) tokens of gruda in the sentence context.

word list sentence

full part full part

mean s mean s mean s mean

4 65.0 7.8 63.4 8.0 64.1

10 60.4 5.3 55.8 8.2

11 76.8 10.9 63.2 13.0

13 57.2 9.3 55.6 8.4

16 65.8 12.9 94.8 (n=l) 60.7 12.8 48.1

17 78.3 5.3 66.0 7.8

18 74.0 6.3 79.0 6.8 67.6 5.8

19 77.3 13.1 95.0 6.2 79.1 && 79.4
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Table 3.7.5a. Mean duration of voicing (in msec) during fully voiced and partially 
devoiced [+voice] fricatives. The figures for fully voiced fricatives replicates those 
in Table 3.7.4a, but are presented here again for purposes of comparison.

word list sentence

full part full part

mean s mean s mean s mean s

4 84.1 12.1 42.9 11.7 65.7 18.2 53.1 18.3

10 90.8 9.8 - 59.3 12.2 -

11 106.9 15.8 73.0 3.9 103.4 17.4 48.8 16.0

13 81.4 13.5 2&8 (n=l) 79.1 17.2 32.1 10.7

16 77.2 13.9 46.3 8.8 56.0 (n=l) 48.9 8.1

17 94.3 15.7 49.6 9.8 92.5 2.4 57.3 17.6

18 86.7 19.7 56.9 15.3 112 18.1 -

19 73.8 12.2 52.5 8.5 84.3 7.9 38.5 5.4

Table 3.7.5b: Mean duration of voicing (in msec) during fully voiced and partially 
devoiced [+voice] stops. The figures for fully voiced stops replicates those in Table 
3.7.4b, but are presented here again for purposes of comparison.

word list sentence

full part full part

mean s mean s mean s mean

4 65.0 7.8 63.4 8.0 53.0

10 60.4 5.3 55.8 8.2

11 76.8 10.9 63.2 13.0

13 57.2 9.3 55.6 8.4

16 65.8 12.9 89.6 (n=l) 60.7 12.8 40.7

17 78.3 5.3 66.0 7.8

18 74.0 6.3 61.0 9.5 67.6 5.8

19 77.3 13.1 81.4 5.8 79.1 8.8 67.1

(n=7)

(n=l)

(n=l)
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Figure 3.7.a. The mean voiced quotient during partially de voiced consonants

152



word list context

c0
1 3 
13
(U>
O

: c

I

rII
10 11 13 16 17

Speaker

18 19

1 ^  fully  voiced 
n  devoiced

sentence context

3
13
(U>
‘io:c

1 2 0 -

1 0 0 -

80 - 

60 - 

40 - 

20  -  

0

I
I

» S9.
I

10 11 13 16

speaker

n

I
17 18 19

W  fully  voiced 
n  devoiced

Figure 3.7.b. Duration of fully voiced and partially devoiced fricatives

153



word list context

bû
c•c
3"3
bû
C

10 11 13 16 17

speaker

18 19

fully  voiced 
n  devoiced

sentence context

(U
>

u
;e

b û
c•c
3TD
b J Q

_C
'o
'o
>

1 2 0 -  

1 0 0 -  

80 - 

60 - 

40 - 

20  -

0

in

I i
i

10 11 13 16 17 18

speaker

19

B  fully  voiced 
r~1 devoiced

Figure 3.I.e. The absolute duration of voicing (msec) in fully voiced and partially 
devoiced fricatives

154



350, 400 450. 500,

S p

L x

Figure 3.7.d. [t] from a token of [kruto] produced by speaker 18.
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Figure 3 .1 .q  [d] from a token of [rods]
produced by speaker 18.

Figure 3.7.f. [z] from a token of [bazo] 
produced by speaker 17.
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Figure 3.7.g. [z] from a token of 
[kozi] produced by speaker 10.

Figure 3.7.h. [d] from a token of 
[rods] produced by speaker 10.
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Figure 3.7.1. [z] from a token of [rozo] 
produced by speaker 13

Figure 3.7.j. [g^] from a token of 
[strogbj] produced by speaker 16.
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Figure 3.7.k. [z] from a token of [kozt] produced by speaker 13.
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Figure 3.7.1. [z] from a token of [kozt] produced by speaker 17.
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I , 2 5 0  , 300  , 350  , WOO 450

Lx

Figure 3.7.m. [z] from a token of 
[rozo] produced by speaker 4.

Figure 3.7.n. [z] from a token of 
[kozt] produced by speaker 11.

159



300 350 , 4 00  , 4 50
III l i J i i l l l L l l l l l l l l l l U l l l l l l l l l l l l l l l

S p

300 350 40 0  , 450
III l l l l l l l l l l l l l l l l l l i i i i L i i u n u l l  111

Lx

Figure 3.7.0. [z] from a token of [bazo] produced by speaker 13.
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Figure 3.7.p. [brodo] produced by speaker 18.
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3.8 OBSTRUENTS IN INTERVOCALIC POSITION: CONSONANT AND 
VOWEL DURATION

The results of the examination of the duration of intervocalic consonants and of the 
preceding vowels are presented in this section. They are discussed, together with the 
results of the examination of word-final consonants, in section 3.10.

3.8.1 Consonant duration

3.8.1.1 WORD-LIST CONTEXT

The mean duration of [-voice] and [+voice] obstruents for each speaker is given in 

Tables 3.8.1a-d. It can be seen that, for all four consonant pairs (/t, d/, [k, g], [k\ ÿ]

and /s, z/), [-voice] obstruents are longer than their [+voice] counterparts in the case 
of each of the eight speakers. The difference between [4-voice] and [-voice] across 
speakers ranges from 20.5 to 50.8 msec for /t/ and /d/, 14.0 to 31.9 msec for [k] and 

[g], 6.0 to 26.4 msec for [k-*] and [g ]̂, and 41.7 to 81.4 msec for /s/ and /z/.

When the mean of the four repetitions of each word was calculated, for each word 
pair for each speaker (11 x 8 = 88 cases), [4-voice] obstruents were shorter than their 
[-voice] counterparts in each case. The voicing effect therefore appears to be 
consistent.

The mean duration of each of the eight consonants over all speakers was calculated 
(Table 3.8.1). The absolute difference between the means was greater in the case of 
the fricative pair /s/ -  /z/ than in the case of stops. In addition, the ratio of [-voice] 
to [4-voice] was greater for fricatives: 1.69 for /s/ -  /z/ compared to 1.47 for /t/ -  /d/ 
(and smaller ratios in the case of the velar stops). These figures suggest that the 
effect of consonantal voicing^^ on the duration of the consonant may be greater for 
fricatives than for stops.

In addition, inter-speaker variation in consonant durations is apparent. In particular, 
speaker 13 appears to produce consonants with a shorter duration than other 
speakers (for example, seven of his eight mean values in Tables 3.8.1a-d are lower 
than for all other speakers).

Consonantal voicing is defined as the value for [-!+ voice], and not the duration of vocal fold 
vibration during the consonant.
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3.8.1.2 Sentenc e  c o n tex t

The mean duration for each of the consonant pairs /t, d/, [k, g], [k*, ÿ ] and /s, z/ is 

given in Tables 3.8.2a-2d, for each speaker and over all speakers. In all but one case 

([k\ gj] for speaker 10) [+voice] obstruents are shorter than their [-voice]

counterparts. The difference (in msec) between the group means for each consonant 
(Tables 3.8.2a-d) is similar to that found in the word-list context, although in the 
case of the fricative pair the difference here (47.9 msec) is less than that in the word- 
list context (61.7 msec).

The ratio of [-voice] to [4-voice] is also similar to that found in word-list context 
(Tables 3.8.1a-d and 3.8.2a-d). The ratio is approximately 1.5-1.6 for /t d/ and /s z/ 
in both contexts, and slightly lower (1.3) for velar stops.

As in the word-list context, the effect of consonantal voicing on duration appears 
consistent. When the mean of the two repetitions of each word was calculated, 86 of 
the 88 word-pairs showed a difference in the expected direction^^

The differences between the means for each individual speaker show some inter
speaker variation, with speaker 10 in particular showing less of an effect than other 
speakers in the case of stops: a difference of -3.2 to 7.2 msec (across stop pairs). The 
means for the individual consonants suggest that this may be due to his [-voice] 
stops being fairly short compared with other speakers in most cases, resulting in a 
smaller voicing difference. In the case of fricatives, on the other hand, it is the 
[4-voice] consonants which are comparatively short, resulting in a large difference 
between [-voice] and [4-voice] (the ratio for this speaker, 1.93, being the greatest).

3.8.1.3 A n a l y s e s  o f  v a r ia n c e

There is thus strong evidence for [-voice] obstruents being longer than [4-voice] 
obstruents. The mean values also suggest that, firstly, the voicing effect, in terms of 
the absolute difference, is greater for fricatives than for stops. Secondly, the 
difference in sentence position appears to be smaller than in word-list position in the 
case of fricatives. It is also apparent that there is considerable inter-speaker variation 
in the duration of consonants.

in this calculation, the word-pair poroka -  poroga included one token with [g] and one with [gO; 
one of the two negative cases in fact concerned this pair. The other negative case concerned the pair 
sprosa -  roza, where sprosa was in non-final position. In all other calculations, the stop in poroga 
was included in the mean for [g], and the stop in poroge included in the mean for [gJ].
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In order to test the significance of the difference between the mean durations of 
[-voice] and [+voice] consonants, an analysis of variance was carried out. A three- 
way design was used, with three within-subject variables: Voice, Context (word-list 
or sentence) and Manner, in order to investigate whether the effect of voicing is 
dependent on speaking context or manner of articulation.

In addition, testing for the significance of the between-subjects variable of speaker 
would indicate whether inter-speaker variation in consonant duration was 
significant. Furthermore, in using an ANOVA design it is possible to assess 
whether, despite this source of variation, the other factors (Voice, Context and 
Manner) also have significant effects on consonant duration.

In the case of each speaker, the mean duration was calculated of [-voice] stops, 
[-voice] fricatives, [+voice] stops and [+voice] fricatives^. This was done for 
consonants in both word-list and sentence contexts. Three-way repeated measures 
ANOVAs were carried out on these means. A repeated measures design was chosen 
as each speaker contributed a data point from each level of each variable.

Main effects

Between-subjects effects were highly significant (F(l,7) = 568.62, p < 0.005), 
indicating that overall the variation between speakers was significant.

The main effect of voice was highly significant (F(l,7) = 190.89, p < 0.005). Table 
3.8.3a and Figure 3.8.â ® show the mean average of the durations in each category^. 
It can be seen that, for example, in the word-list context [-voice] stops were 26.31 
msec longer than [4-voice] stops, and [-voice] fricatives 61.65 msec longer than 
[4-voice] fricatives.

The main effects of context and manner were also highly significant. Obstruents in 
the word-list context were significantly longer than those in sentence context (F(l,7) 
= 41.35, p < 0.005). Fricatives were significantly longer than stops (F(l,7) = 142.96, 
p < 0.005). In the word-list context, [-voice] fricatives were 54.61 msec longer than 
[-voice] stops, and [4-voice] fricatives 19.27 msec longer than [-f-voice] stops. In the 
sentence context the difference was 41.82 msec in the case of [-voice] stops and 
fricatives and 18.99 msec in the case of [4-voice] stops and fricatives.

the duration of [-voice] and [4-voice] fricatives was as in Tables 3.8.Id and 3.8.2d.
Figure 3.8.a shows the mean values in the sentence context which include tokens only in sentence-

final position (Table 3.8.3b) (see discussion below).
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Interactions

There were significant interactions for both Voice x Manner (F(l,7) = 64.87, p < 
0.005) and Voice x Context (F(l,7) = 11.80, p = 0.011). The effect of voicing on 
consonant duration was dependent both on manner and on context.

The voicing effect was greater for fricatives than for stops (in terms of the 
difference in absolute duration). In the word-list context, [-voice] fricatives were 
61.65 msec longer than their [+voice] counterparts, but the difference between 
[-voice] and [+voice] stops was only 26.31 msec. In the sentence context also, the 
voicing effect was greater for fricatives (a difference between [-voice] and [4-voice] 
of 47.97 msec) than for stops (a difference of 25.14 msec).

These figures also show the significant difference in the voicing effect in the two 
contexts, with the effect being greater in the word-list context than in the sentences. 
In the case of stops, however, this difference is extremely small (26.31 msec 
compared with 25.14 msec), whereas there is a larger difference between contexts in 
the voicing effect in the case of fricatives (61.65 msec compared with 47.97 msec). 
However, there was no significant three-way interaction of Voice x Context x 
Manner (F(l,7) = 3.16, p = 0.119), indicating that the difference in the voicing 
effect found in the two reading contexts was independent of the manner of 
articulation of the consonant.

There was no significant interaction of Context x Manner (F(l,7) = 3.92, p = 0.088), 
indicating that, in spite of the fact that consonants were significantly shorter in the 
sentence context (main effect of Context above), the difference in the duration of 
stops and fricatives (the main effect of Manner described above) was independent of 
whether the consonant was produced in the word-list or sentence context.

As noted above, three of the target words were in non-final position in the sentence: 
sprosa, lezu and gruda. It is possible that the segments in such tokens would be 
shorter than those in sentence-final position (Cooper and Danly, 1981). If this were 
the case here, it would, at least in the case of stops, increase the difference between 
[4-voice] and [-voice] obstruents in the expected direction. To exclude this variable, 
the analyses of variance were rerun, omitting the values for these three tokens. The 
mean duration for the four categories of obstruent in sentence context are given in

each figure is therefore the mean of the eight mean values (one for each speaker) which had been
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Table 3.8.3b. The significance of both main effects and interactions were very 
similar to those described above for the whole set of data. All main effects were 
significant: Voice (F(l,7) = 166.04, p < 0.005), Manner (F(l,7) = 138.27, p < 0.005) 
and Context (F(l,7) = 24.82, p = 0.002). The interaction of Voice x Manner was 
highly significant (F(l,7) = 61.06, p < 0.005), and that of Voice x Context was 
significant at the 5% level (F(l,7) = 7.06, p = 0.033). Also as above, the interaction 
of Manner x Context was not significant (F(l,7) = 1.34, p = 0.285), and neither was 
the three-way interaction of Voice x Manner x Context (F(l,7) = 0.83, p = 0.392).

The significance levels for Context, Voice x Context, Manner x Context and Voice 
X Context x Manner were all lower here than when all data were included (although 
the first two still remain significant). The exclusion of non-sentence final tokens 
resulted in slightly higher mean durations for the affected categories (Table 3.8.3b 
compared to Table 3.8.a). The durational difference between utterances in word-list 
and sentence contexts was thus decreased, which would explain why all effects 
involving the Context were lower.

3.8.2 Vowel duration

3.8.2.1 WORD-LIST CONTEXT

The mean duration of vowels in word-list context before the four pairs of 

consonants /t, d/, [k, g], [k*, ÿ ] and /s, z/ are given in Tables 3.8.4a-4d. For each 

speaker, vowels before [+voice] obstruents are longer than those before their 

[-voice] counterparts, with the exception of vowels before [k̂ ] and [ĝ ] for speakers

16 and 17. The grouped means also show that the difference is smaller for this pair 
than for the other three consonant pairs^.

The difference in vowel duration before [+voice] and [-voice] consonants is less 
than the difference in consonant duration discussed above, both in terms of the 
absolute difference and the ratio of [+voice]:[-voice]. The difference in vowel 
duration, taking the group means, is 6.9-24.8 msec (across the different consonantal 
contexts), compared to a 16.6-61.7 msec difference in the consonant duration. In 
terms of the percentage difference, vowels before [+voice] obstruents are 5-18%

entered into the ANOVA design.
The number of tokens for [k̂ ] -  [gj] is smaller than for the other pairs, however, and thus the small 

size of the effect may not refect the case in the population as a whole.
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longer than before their [-voice] counterparts, whereas the [-voice] obstruents were 
22-69% longer than their [+voice] counterparts.

When the mean vowel duration for each word is compared to that of the other 
member of the word pair for each speaker, in each of the 88 cases except two (both 
involving the pair stroki strogij), vowel duration before [+voice] obstruents are 
longer than before the corresponding [-voice] consonant. Thus, although the vowel 
duration difference overall is small, it appears to be consistent, at least in the word- 
list context.

3.8.2.2 S e ntenc e  c o n tex t

In the sentence context, the difference between the group mean duration values was 
smaller (Tables 3.8.5a-5d): for example, a difference of 9.1 msec for the /t/-/d/ pair 
(compared to 23.6 msec in the word-list context), and 17.5 msec for /s/-/z/ 
(compared to 24.8 msec in the word-list context). In addition, the individual 
speakers’ values show in most cases only a small difference (and, in three cases, no 
voicing effect).

As noted above, some tokens {sprosa, gruda, lezu) did not occur in sentence-final 
position. The vowel in such tokens may be shorter than those in final tokens, which 
may affect the relative duration of the vowels before [4-voice] and [-voice] 
consonants. The mean of the two repetitions of each word token was calculated and 
comparisons made between the members of each word pair. When all tokens were 
included, 66 out of 88 cases (75%) showed vowels before [4-voice] consonants to be 
longer than those before [-voice] consonants. When only pairs which consist of 
tokens appearing in final position in the sentence were considered, a higher 
proportion (55 out of 64 cases (86%)) showed a difference in the expected direction.

There is some evidence, then, that inclusion of tokens which appear in non-final 
position in the sentence increases the inconsistency of the voicing effect on vowel 
duration. This point is discussed in more detail below.

3.8.2.3 A n a l y se s  o f  v a r ia n c e :

In order to assess the significance of the small difference found between the 
duration of vowels before [4-voice] and [-voice] consonants, analyses of variance 
were carried out. These were designed to take into account possible differences in 
the inherent duration of vowels, which was likely to be a major source of variation
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in the values. It is well-known that different vowels have different inherent 
durations in English (for example, Peterson and Lehiste, 1960).

For each speaker, the mean was calculated of each vowel before [-voice] stops, 
[+voice] stops, [-voice] fricatives and [4-voice] fricatives in word-list and sentence 
contexts (Tables 3.8.6a and 3.8.6b)^\

Two analyses of variance were then carried out, firstly on stops and secondly on 
fricatives^. For each, three-way repeated measures ANOVAs were carried out, with 
the three within-subject variables being Voice (2 levels: [4-voice] and [-voice]). 
Context (2 levels: word-list and sentence) and Vowel (in the case of stops, 2 levels: 
/o/ and /u/; in the case of fricatives, 3 levels: /a/, loi and /e/).

The mean of the eight values (the eight speakers’ means) for each category are 
given in Table 3.8.7a and Figure 3.8.b (stops) and Table 3.8.7b and Figures 3.8.C 
and 3.8.d (fricatives)^.

Vowels preceding stops

Main ejfects

The between-subjects effect was highly significant (F(l,7) = 1000.17, p < 0.005). 
There was therefore a significant effect of the individual speaker on vowel duration.

The main effect of Voice was significant (F(l,7) = 36.46, p = 0.001). It can be seen 
from Table 3.8.7a that vowels before [4-voice] stops are longer than those before 
[-voice] stops, except in the case of /u/ in the sentence context.

The exceptional behaviour of /u/ in sentence context is reflected by the individual 
speakers’ mean values: in the case of six speakers (Table 3.8.6a) /u/ before [4-voice] 
stops were shorter than before [-voice] stops. In the case of each speaker, the mean 
value was calculated from four values: two repetitions each of luga and gruda. As 
discussed above, gruda appeared in non-final position, which is likely to have

The values for the vowels preceding the two cases of flapped stops in gruda were included here, as 
they were not shorter than other instances of ixJ either from other speakers or in the other token of 
gruda.
^ It was not possible to carry out one ANOVA with four within-subject variables (Voice, Context, 
Vowel and Manner), as different sets of vowels appeared before stops and fricatives.

Figures 3.8.b and 3.8.d show the mean values which include only tokens in final position in the 
sentences (Table 3.8.7c) (see discussion below).
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resulted in smaller segment durations than if it had occurred in utterance-final 
position. When the duration of /u/ in the four words in the sentence context are 
compared, M  in gruda is shorter than in the other three words: luka 92.3 msec, luga 
99.5 msec, kruto 99.1 msec, gruda 76.5 msec (means calculated over all the tokens 
from all speakers). In the word-list production, in contrast, /u/ in gruda was longer 
than in the other three words: luka 107.8 msec, luga 122.5 msec, kruto 122.9 msec, 
gruda 136.7 msec.

It is therefore possible that the shortening effect^ of the utterance position was 
greater than the lengthening effect of the following consonant.

The main effects of Context and Vowel were significant (Context: F(l,7) = 26.42, p 
= 0.001; Vowel: F(l,7) = 158.68, p < 0.005). Vowels in the sentence context were 
shorter than those in the word-list context; and /u/ was shorter than loi (Table 
3.8.7a).

Interactions

The interactions of both Voice x Context and Voice x Vowel were significant 
(Voice X Context: F(l,7) = 27.44, p = 0.001; Voice x Vowel: F(l,7) = 25.72, p = 
0.001). Table 3.8.7a shows that the difference (in msec) between vowels before 
[+voice] stops and those before [-voice] stops was greater in the word list than in 
the sentences, for both loi and /u/; and the voicing conditioned difference was 
greater for loi than for /u/, in both word-list and sentence contexts.

In both cases, the greater voicing effect was found for the category which had 
overall the longest durations. Vowels are significantly longer in word-list than 
sentence position (Table 3.8.7a and main effect of Context); and loi is significantly 
longer than /u/ (Table 3.8.7a and main effect of Vowel).

In the case of both interactions, however, the negative value for /u/ in the sentence 
context may be at least a contributory cause of the interaction. This point is returned 
to below.

There was no significant interaction of Context x Vowel (F(l,7) = 2.65, p = 0.147), 
indicating that the durational difference between loi and /u/ is independent of the 
context.

^ I have for convenience labelled this a shortening effect, although it is more likely that it is the 
absence of an utterance-final lengthening effect (Cooper and Danly, 1981).
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The three-way interaction of Voice x Context x Vowel was significant at the 5% 
level (F(l,7) = 9.50, p = 0.018). One interpretation of this result is that loi and /u/ 
differ as to how great the voicing effect is (as borne out by the significance of the 
Voice X Vowel interaction), but this difference between the vowels depends on the 
context. The absence of a voicing effect in the case of /u/ in sentence context might 
be the cause, or at least a contributing cause, of this interaction.

From these results it appears that the duration of vowels is affected by the value for 
[+/-voice] of the following stop. This effect is dependent both on context (word list 
compared to sentence production) and on the vowel {loi compared to /u/).

However, the apparent shortening of /u/ in gruda possibly affected the significance 
levels of these effects. It is possible, furthermore, that it was the cause of the 
interactions found. In order to assess this possibility, the analyses of variance were 
run again excluding all values for gruda in the means for /u/. The mean of the eight 
speakers mean values for /u/ in sentence context was 99.50 msec (compared to 
87.99 msec in Table 3.8.7a), resulting in /u/ being 3.75 msec longer before [+voice] 
than [-voice] (a small difference but in the expected direction)^. In the case of five 
speakers, /u/ is longer before [4-voice] stops than before [-voice] stops (when gruda 
was included, this was the case for only two speakers).

In this second set of results, the main effect of Voice was highly significant (F(l,7)
= 46.53, p < 0.005): a higher level of significance than when non-sentence final 
tokens were included. This is perhaps not surprising since, for all except one 
speaker, the mean values for /u/ before [4-voice] (in sentence context) are longer 
than when gruda was included.

The main effect of Vowel is still highly significant (F(l,7) = 166.18, p < 0.005): loi 
is longer than /u/. The main effect of Context is still significant, although at a 
slightly lower level (F(l,7) = 22.04, p = 0.002): vowels in the sentence context are 
shorter than those in the word-list context even when the shorter values for non-final 
tokens are excluded.

The interactions of Voice x Context and Voice x Vowel were still significant, 
although at a lower level (Voice x Context: F(l,7) = 13.80, p = 0.008; Voice x

The values for kruto were still used in calculating the duration of /u/ before [-voice] stops. 
However, since the mean duration of /u/ in kruto was not shorter than that in luka, inclusion of these 
values was not expected to bias the results in the expected direction.
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Vowel: F(l,7) = 16.76, p = 0.005). This indicates that, even with the exclusion of 
non-sentence final tokens, the voicing conditioned difference in vowel duration was 
greater for loi than for /u/, and was greater in the word-list than the sentence context.

There was no significant three-way interaction (Voice x Context x Vowel) when 
non-sentence-final tokens were excluded (F(l,7) = 1.45, p = 0.268). This indicates 
that the significant interaction found when the non-final tokens were included was 
due to the particularly short values of /u/ before [4-voice] stops in the sentence 
context.

As before, no significant interaction of Context x Vowel was found (F(l,7) = 0.01, p 
= 0.945); and the between-subjects effect was highly significant (F(l,7) = 967.61, p 
< 0.005).

In conclusion, these results suggest that, firstly, the duration of vowels is 
significantly greater before [4-voice] stops than before [-voice] stops. Secondly, this 
voicing conditioned effect is significantly greater in the case of loi than /u/, and was 
significantly greater when words are produced in isolation than in final position in a 
sentence.

Vowels preceding fricatives

Main effects

Table 3.8.6b gives, for each speaker, the mean duration of /a/, loi and /e/ before /s/ 
and /z/ in the word-list and sentence contexts, and Table 3.8.7b gives the mean of 
these values.

As was the case with vowels before stops, the between-subjects effect was highly 
significant (F(l,7) = 621.58, p < 0.005). Vowel duration for individual speakers 
varied significantly.

The main effect of Voice was highly significant (F(l,7) = 170.50, p < 0.005). In all 
cases except /e/ in sentence context, vowels before /z/ were longer than those before 
/s/ (Table 3.8.7b).

The main effect of Context was highly significant (F(l,7) = 55.90, p < 0.005). Each 
of the three vowels were shorter in the sentence context than in the word-list, both 
before [4-voice] and [-voice] fricatives.
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The main effect of Vowel was highly significant (F(2,14) = 68.40, p < 0.005). In the 
word-list context, /a/ was longer than loi which was longer than /e/, both before /z/ 
and /s/. In the sentence context this is the case for vowels before Izl (although the 
difference between /a/ and loi is less than 1 msec). Before /s/, however, loi is shorter 
than Id.

Sentence position may be affecting these results. Of the two tokens which have loi 
before /s/, one (sprosa) is in non-final position. This may have resulted in durations 
which were shorter than they may have been if the target word had occurred in final 
position. The mean duration of loi over all utterances of sprosa by all speakers was 
103.6 msec, compared to 110.7 msec for kosy. This is obviously only a small 
difference, but it contrasts with the behaviour of the two target words in the word- 
list context, where the mean duration of loi in sprosa was 155.6 msec whereas that 
of loi in kosy was shorter: 140.1 msec. This suggests that the duration of loi in the 
sentence context may have been affected by the position in the utterance of the 
target word.

Such a sentence-position effect may explain the shorter duration of loi than Id  
before [-voice] fricatives in the sentence context, contrary to the pattern found 
before [+voice] fricatives in this context and before all fricatives in the word-list 
context. As regards the voicing effect, the shorter duration would exaggerate the 
shorter durations before [-voice] fricatives.

The unexpected lack of a voicing effect on the duration of Id  in the sentence context 
may be due to sentence position also, as lezu (the only token which contributed to 
the mean duration of Id  before [-f-voice] fricatives) occurred in non-sentence final 
position (although it was clause-final). The duration of Id  before /z/ (112.92 msec) 
was considerably shorter (by 32-33 msec) than /a/ and loi. Although Id  is the 
shortest of the three vowels (as indicated by the results in word-list context), the 
degree of the difference here suggests that the duration of Id  may have been 
affected by other factors.

Interactions

The difference in the duration of vowels before [+voice] and [-voice] fricatives is 
given in Table 3.8.7b.

The interaction of Voice x Vowel was highly significant (F(2,14) = 21.74, p < 
0.005). In the word-list context, the voicing conditioned difference is greatest for Id, 
smaller for loi and smaller still for Id. This hierarchy is the opposite to that for the
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overall vowel duration: in other words, the shortest vowel shows the greatest 
voicing effect. This was not the case for vowels before stops.

In the sentence context, the voicing conditioned difference is again greater for loi 
than for /a/. In the case of /e/, the difference is in the unexpected direction.

The significance of the interaction of the Voice and Vowel factors may indicate that 
the degree of difference in the voicing effect between different vowels is significant. 
The significance level may, however, reflect the fact that there was an absence of 
voicing effect in the case of one vowel (in one of the two contexts).

The interaction of Voice x Context was significant at the 5% level (F(l,7) = 8.57, p 
= 0.22). In the case of /a/, the voicing conditioned difference was 7.06 msec less in 
the sentence context, a result which is similar to the interaction found before stops. 
In the case of /o/, however, the voicing conditioned difference is 11.77 msec greater 
in the sentence context than in the word list. And in the case of /e/, the voicing 
conditioned difference is in the unexpected direction in the sentence context.

The voicing effect is therefore dependent on the context, which is reflected in the 
significance of the Voice x Context interaction. How the voicing effect differs 
between the two contexts depends, however, on the particular vowel: whether it is 
greater or smaller or whether it exists at all. This three-way interaction (of Voice x 
Context X Vowel) was highly significant (F(2,14) = 39.02, p < 0.005).

The interaction of Context x Vowel was not significant (F(2,14) = 0.47, p = 0.634), 
indicating that the effect of the identity of the vowel and the effect of the context on 
the duration of the vowel were independent of one another.

It is apparent that the difference in the unexpected direction between the duration of 
/e/ before /s/ and izi in the sentence context may have contributed to the significance 
of the interaction of Voice x Context, Voice x Vowel and Voice x Context x Vowel. 
In addition, the possible shortening of io! in sprosa in the sentence context may have 
enhanced the significance of the voicing effect.

The analyses of variance were therefore rerun with the mean vowel durations in the 
sentence context being calculated from final tokens only. The mean of the eight 
speakers’ values in each category is given in Table 3.8.7c. The values for vowels in 
word-list context and for /a/ in sentence context are obviously the same. The mean 
duration of /of before Is/ in the sentence context is now 110.75 msec (compared to
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107.20 msec when the values for sprosa were included), giving a slightly smaller 
difference between [-voice] and [+voice] conditions of 34.50 msec. The vowel /e/ 
was omitted, since, with the exclusion of the values for lezu, there was no mean 
value for /e/ before fzJ in the sentence context.

Even with the slightly longer values for /of before /s/ in the sentence context, the 
main effect of Voice was still highly significant (F(l,7) = 232.99, p < 0.005). The 
other main effects of Context (F(l,7) = 51.11, p < 0.005) and Vowel (F(l,7) =
49.03, p < 0.005) were also still highly significant, as was the between-subjects 
effect (F(l,7) = 590.63, p < 0.005).

In summary, vowels before fzJ were significantly longer than those before /s/, 
significantly longer in the word-list than the sentence-context, and /a/ was 
significantly longer than /of.

The interaction of Voice x Vowel was still significant (F(l,7) = 26.04, p = 0.001). 
Both /a/ and /of showed a voicing effect in the expected direction, but the effect was 
greater for /o/ than for /a/, in both the word-list context and, to a greater degree, in 
the sentence context. As noted above, it is the vowel which has a shorter inherent 
duration which is showing the greater effect of voicing. This is contrary to the 
situation before stops.

The interaction of Voice x Context was not significant (F(l,7) = 0.02, p = 0.891). 
This interaction had been significant (at the 5% level) when non-final tokens were 
included in the calculations for the sentence context values. This indicates that when 
all tokens were in the same sentence position, the effect of voicing is independent of 
the context. The results suggest that the significance of the interaction found above 
was due to the lack of a voicing effect for /e/ in the sentence context. Other than 
this, the only difference, as shown by Tables 3.8.7b and 3.8.7c, between the values 
in this test and in the previous run of the test was the slightly smaller voicing effect 
on /of in the sentence context here (a matter of approximately 3 msec only).

The interaction of Context x Vowel was not significant, as before (F(l,7) = 0.20, p = 
0.668): the difference in the duration of /a/ and /of is not dependent on the context.

However, the three-way interaction of Voice x Context x Vowel was significant at 
the 5% level (F(l,7) = 9.68, p = 0.017), although not highly significant as 
previously. In case of each of the two vowels in each of the two contexts, duration is 
greater before fzJ than /s/. However, in the case of /a/ the voicing effect is smaller in 
the sentence context than the word-list context, whereas in the case of /o/ the
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voicing effect was greater in sentence context than word-list context. The effect of 
the context on the voicing effect was therefore dependent on the particular vowel.

This behaviour of loi may be regarded as anomalous, given that the voicing effect is 
less in the sentence context not only for /a/ before fricatives, but also for vowels {loi 
and /u/) before stops. One possible explanation is that the voicing effect for loi in 
the sentence position has been artificially enhanced by the inclusion of both kozy 
and roza for the [4-voice] values compared to just kosy for the [-voice] values. The 
mean duration of loi in roza (160.0 msec) was longer than that in kozy (130.5 msec), 
and, moreover, for each speaker, every value for roza was greater than those of 
kozy. In the word-list context also, the mean duration of loi in roza (182.3 msec) 
was longer than that in kozy (165.8 msec).

Therefore, although the shortening effect of sentence position had been excluded 
with the omission of the values from sprosa, as a consequence of this exclusion the 
difference between loi before /s/ and /z/ may have been affected by differences 
between lexical items.

In support of this analysis, it can be seen that the duration of loi before Izl in the 
sentence context was approximately the same as that of /a/, whereas before /s/, and 
before all fricatives in word list context, loi is shorter than /a/.

This artificial enhancement of the voicing effect, if it is the appropriate analysis, 
might be the explanation also for aspects of the interaction between Voice and 
Vowel. Here, the voicing effect was greater for loi than for /a/, but the overall 
duration of loi was less than that of /a/. This contrasts with the situation before 
stops, where the vowel with the shorter inherent duration (/u/) showed a smaller 
voicing effect.

However, the greater voicing effect for loi compared to the longer /a/ before 
fricatives applied not only to the sentence context but to the word-list context also, 
where all tokens were included. Furthermore, in the word-list context when Id  had 
been included (discussed above), /e/, which had an overall duration less than loi, 
showed a greater voicing effect (in terms of the absolute duration). It is therefore not 
clear why vowels before fricatives behaved differently in this respect to those before 
stops.

3.8.3 Vowel 4- consonant sequence

As noted above, the ratio of [-voice] to [4-voice] consonant duration is greater than 
the ratio of the vowel duration before [-voice] to that before [4-voice] consonants. In
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the word-list context, in the case of t/d, the consonant ratio (between the group 

means) is 1.47, whereas the vowel duration ratio is 1.18; in the case of k/g the two

ratios are 1.33 and 1.15 respectively; and in the case of s/z the two ratios are 1.69 
and 1.16 (Tables 3.8.1a-d and 3.8.4a-d).

However, in the case of stops, the absolute durational differences are of a similar 
magnitude: /t/ is 31.7 msec longer than /d/, preceding vowels are 23.6 msec shorter; 

[k] is 23.1 msec longer than [g], preceding vowels are 18.5 msec shorter. Thus when

the total duration of the V+C sequence for [-voice] and [+voice] stops is compared, 
they are similar. Table 3.8.8a gives the mean duration of V+C sequences for each 
speaker, together with the mean of the eight values. The individual speakers’ values 
were calculated from the V+C duration of each token. It can be seen that the 
difference between the group means is only 7 msec. The range over the eight 
speakers is -6.6 to 26.5 msec: V + C[-voice] sequences were not consistently longer 
than the V + C[+voice] sequences.

However, no such equality of duration was found in the case of vowel + fricative 
sequences. Consonantal voicing had a greater effect in absolute terms on fricative 
duration (a difference between the group means of 61.7 msec) than on the preceding 
vowel (24.8 msec). Thus the total duration of the V + C[-voice] sequence was 
greater than the total duration of the V + C[+voice] sequence: by 36.9 msec (a ratio 
of 1.14) (Table 3.8.8b). The difference is positive in the case of all eight speakers. 
These figures relate to productions in the word-list context. It can be seen from 
Tables 3.8.2d and 3.8.5d, however, that a similar imbalance in the effect of voicing 
on vowel and consonant duration is apparent in the sentence context also.

It may be argued that the apparent difference in behaviour between stops and 
fricatives may be due to the fact that different vowels appeared before the two {loi 
and /u/ before stops, /o/, /a/ and Id  before fricatives). However, when the values are 
calculated for only the vowel loi, it can be seen that a similar pattern emerges 
(Tables 3.8.9a and b and Figure 3.8.e): very little difference between sequences 
containing [-voice] and [+voice] stops, but a substantial difference in the case of 
fricatives consistent over the eight speakers.

To summarise, the total duration of vowel + [-voice] stop sequences were similar to 
that of vowel + [+voice] stop sequences. This was not the case, however, with 
vowel + fricative sequences: the total duration of vowel + [-voice] fricative 
sequences was longer than that of vowel + [+voice] fricative sequences.
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Tables 3.8.1a -  Id. Duration (in msec) of intervocalic obstruents in word-list 
context. For each speaker, mean duration (and standard deviation), the ratio of the 
means and the difference between the means are given. The mean average of the 
eight individual means is given (the group mean), together with the ratio of the two 
group means and the difference between them.

Table 3.8.1a. /t/ /d/. In the case of the means for each speaker, n=12^. In the case of 
the group mean, n=96.

N s /d/ s t/d difference
t-d

Speaker:
4 884 9.8 65.2 6.4 1.36 23.7
10 79.7 6.6 59.2 5.8 1.35 20.5
11 109.7 9.6 72.4 10.0 1.52 37.3
13 76.2 6.0 51.7 6.7 1.47 24.5
16 102.6 18.2 65.3 12.6 1.57 37.3
17 128.0 9.3 77.2 4.7 1.66 50.8
18 110.8 6.5 74.6 5.6 1.49 36.2
19 99.7 lO.O 76.7 9.7 1.30 23.0

group 99.5 19.0 67.8 11.6 1.47 31.7

Table 3.8.1b. [k] [g]. In 

the group mean, n=64.

the case of the means for each speaker. n=8. In the c

[k] s [g] s k/g difference

k-g
Speaker:

4 89.6 8.6 63.3 10.9 1.42 26.3
10 74.3 12.1 60.3 4.9 1.23 14.0
11 111.3 8.4 79.4 11.4 1.40 31.9
13 80.7 7.1 65.9 7.2 1.22 14.8
16 83.4 14.9 66.7 15.8 1.25 16.7
17 107.4 7.2 79.2 6.2 1.36 28J»
18 105.4 8.0 76.6 9.2 1.38 2&8
19 99.4 13.8 74.7 16.9 1.33 24.7

group 93.9 16.3 70.8 12.7 1.33 23.1

^ In all tables unless otherwise stated n is the number of utterances with the relevant consonant 
regardless of the lexical item in which they occurred. In the case of /t/, for example, four repetitions 
each of three lexical items {rota,flota, kruto) gave 12 utterances for each speaker.
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Table 3.8.1c. [k̂ ] [ÿ]. In the case of the means for each speaker, n=4. In the case of 

the group mean, n=32.

[W] s m s kVgj difference
k j-ÿ

Speaker:
4 89.1 9.7 67.6 4.5 1.32 21.5
10 81.5 13.4 64.2 3.8 1.27 17.3
11 101.2 10.8 84.7 7.2 1.19 16.5
13 62.3 13.7 56.3 7.3 1.11 6.0
16 79.1 9.9 72.7 16.4 1.09 6.4
17 102.7 6.9 79.5 5.9 1.29 23.2
18 101.0 4.4 74.6 4.1 1.35 26.4
19 109.1 15.9 93.3 7.0 1.17 15.8

group 90.7 17.9 74.1 13.2 1.22 16.6

Table 3.8. Id. /s/ /z/. In the case of the means 
the group mean, n=160.

for each speaker. n=20. In the c

/s/ s Izl s s/z difference
s-z

Speaker:
4 133.3 16.5 86.5 13.5 1.54 46.8
10 132.5 9.3 90.8 9.8 1.46 41.7
11 171.5 22.4 107.5 15.1 1.60 64.0
13 127.8 10.2 82.0 13.4 1.56 45.8
16 143.5 14.8 78.6 12.7 1.83 64.9
17 164.6 17.1 94.7 12.7 1.74 69.9
18 174.8 16.3 96.2 20.5 1.82 78.6
19 158.1 12.7 76.7 12.6 2.06 81.4

group 150.8 23.2 89.1 16.8 1.69 61.7
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Tables 3.8.2a -  2d. Duration (in msec) of intervocalic obstruents in sentence 
context. For each speaker, mean duration (and standard deviation), the ratio of the 
means and the difference between the means are given. The mean average of the 
eight individual means is given (the group mean), together with the ratio of the two 
group means and the difference between them.

Table 3.8.2a./t//d/.

Speaker:

N s Id/ s t/d difference
t-d

4 92.2 11.5 59.9 3.7 1.54 32.3
10 65.9 6.0 58.7 9.4 1.12 7.2
11 94.4 3.9 57.2 7.7 1.65 37.2
13 65.7 7.4 47.7 12.1 1.38 18.0
16 91.6 11.5 48.8 12.8 1.88 42.8
17 112.9 12.3 59.4 11.8 1.90 53.5
18 104.4 2.9 69.3 3.9 1.51 35.1
19 97.3 8.5 72.4 14.0 1.34 24.9

group 90.5 17.8 59.1 12.1 1.53 31.4

In the case of individual speakers’ means, n=6 (except speakers 13 and 19 for /d/, 
where n=5). In the case of the group means, for IXJ n=48, for /d/ n=46.

Table 3.8.2b. [k] [g].

Speaker:

[k] s [g] s k/g difference

k-g

4 863 10.9 65.7 13.6 1.31 20.6
10 54.5 7.7 53.2 9.0 1.02 1.3
11 93.0 13.7 68.3 13.1 1.36 24.7
13 79.9 9.8 61.6 8.9 1.30 18.3
16 75.1 &2 66.9 18.5 1.12 8.2
17 100.9 1.9 68.0 9.9 1.48 32.9
18 86.1 7.3 61.1 2.2 1.41 25.0
19 95.0 8.3 84.2 4.2 1.13 10.8

group 83.8 15.9 66.1 12.5 1.27 17.7

n the case of individual speakers’ 

;roup means, for [k] n=32, for [g]

means, for [k] n=4, for [g] n=3. 

n=24.

In the case of
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Table 3.8.2c. [k̂ ] [ÿ].

Speaker:

s m s kVgj difference

K-gi

4 95.9 8.6 65.9 3.0 1.46 30.0
10 55.8 9.8 59.0 6.6 0.95 -3.2
11 89.4 4.7 67.1 17.8 1.33 22.3
13 82.2 16.1 54.9 4.7 1.50 27.3
16 83.8 3.0 59.6 6.5 1.41 24.2
17 83.0 9.7 64.2 10.1 1.29 18.8
18 90.1 10.2 72.4 3.4 1.24 17.7
19 110.0 16.5 77.2 5.7 1.42 32.8

group 86.3 16.8 65.0 10.0 1.33 21.3

In the case of individual speakers’ means, for [k̂ ] n=2, for [ÿ] n=3. In the case of 

the group means, for [W] n=16, for [ĝ ] n=24.

Table 3.8.2d. /s/ Izl.

Speaker:

Isl s Izl s s/z difference
s-z

4 108.3 10.5 74.2 20.3 1.46 34.1
10 114.1 10.5 59.2 11.2 1.93 54.9
11 152.7 24.2 100.2 17.7 1.52 52.5
13 120.5 13.7 77.7 13.3 1.55 42.8
16 116.4 19.6 74.8 9.5 1.56 41.6
17 148.4 21.0 100.4 14.1 1.48 48.0
18 144.7 30.4 77.3 16.0 1.87 67.4
19 130.3 23.8 87.8 10.3 1.48 42.5

group 129.4 25.3 81.5 19.1 1.59 47.9

In the case of individual speakers’ means, n=10. In the case of the group means, 
n=80.
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Table 3.8.3a. Duration (in msec) of intervocalic obstruents: mean and standard 
deviation of the means from each of the eight speakers in each category. The 
difference between the two group means is also given in each case.

word-list sentence

stop fricative stop fricative

mean mean •s mean mean

[-voice] 96.15 14.92 150.76 18.79 87.60 14.41 129.42 17.18

[+V0ice] 69.84 8.53 89.11 10.32 62.46 7.45 81.45 14.01

[-v]-[+v] 26.31 61.65 25.14 47.97

Table 3.8.3b. Duration (in msec) of intervocalic obstruents in sentence context, 
where only tokens in sentence-final position were included. The difference between 
the two group means is also given in each case.

stop fricative

mean mean

[-voice]

[+voice]

87.60

63.78

14.41

7.60

135.75

82.39

19.51

14.51

[-v]-[+v] 23.82 53.36
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Tables 3.8.4a -  4d. Duration (in msec) of vowels preceding intervocalic obstruents 
in word-list context. For each speaker, mean duration (and standard deviation), the 
ratio of the means and the difference between the means are given. The mean 
average of the eight individual means is given (the group mean), together with the 
ratio of the two group means and the difference between them.

Table 3.8.4a. Vowels preceding /t/ and /d/. In the case of the means for each 
speaker, n=12. In the case of the group mean, n=96.

/t/ s /d/ s d/t difference
d-t

Speaker:
4 155.7 19.8 180.4 27.9 1.16 24.7

10 126.8 14.0 155.7 16.2 1.23 28.9
11 129.1 15.3 154.9 16.5 1.20 25.8
13 95.0 13.2 113.7 14.1 1.20 18.7
16 127.9 16.0 140.3 20.8 1.10 12.4
17 140.3 20.2 155.1 14.7 1.11 14.8
18 136.6 15.2 164.8 19.2 1.21 28.2
19 133.5 20.2 168.4 26.0 1.26 34.9

group 130.6 23.0 154.2 27.0 1.18 23.6

Table 3.8.4b. Vowels preceding [k] and [g]. 

speaker, n=8. In the case of the group mean.

In the case of the means for eacl 

n=64.

[k] s [g] s g/k difference

g-k
Speaker:

4 146.5 23.2 179.7 19.0 1.23 33.2
10 127.5 19.7 154.0 21.9 1.21 26.5
11 123.3 226 141.9 32.5 1.15 18.6
13 98.1 15.5 113.3 23.3 1.15 15.2
16 118.0 15.7 132.3 24.6 1.12 14.3
17 123.3 19.5 138.5 25.8 1.12 15.2
18 132.9 21.8 140.9 30.0 1.06 8.0
19 127.6 33.3 138.9 28.6 1.09 11.3

group 124.6 24.5 143.1 29.8 1.15 18.5
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Table 3.8.4c. Vowels preceding [k-*] and [g ]̂. In the case of the means for each 

speaker, n=4. In the case of the group mean, n=32.

Speaker:

[kj] s s gj/kj difference
ÿ-W

4 147.1 17.5 167.0 20.8 1.14 19.9
10 117.1 5.5 124.0 4.5 1.06 6.9
11 132.8 16.3 143.4 5.5 1.08 10.6
13 105.5 14.7 116.7 19.0 1.11 11.2
16 131.9 9.9 123.2 6.9 0.93 -8.7
17 154.4 15.1 152.3 5.6 0.99 -2.1
18 150.0 4.9 162.9 6.8 1.09 12.9
19 146.2 21.4 150.3 15.0 1.03 4.1

oup 135.6 20.6 142.5 21.1 1.05 6.9

Table 3.8.4d. Vowels preceding /s/ and Izl. In the case of the means for each 
speaker, n=20. In the case of the group mean, n=160.

Speaker:

Isl s Izl s zJs difference
z-s

4 182.1 21.8 205.1 18.4 1.13 23.0
10 145.2 14.4 160.4 13.3 1.10 15.2
11 150.2 23.7 171.6 20.5 1.14 21.4
13 114.3 10.6 134.6 22.8 1.18 20.3
16 143.4 15.3 168.0 13.5 1.17 24.6
17 153.6 16.2 192.2 14.9 1.25 38.6
18 170.4 14.5 194.7 13.5 1.14 24.3
19 147.9 13.3 178.7 12.5 1.21 30.8

DUP 150.9 24.9 175.7 26.5 1.16 24.8
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Tables 3.8.5a -  5d. Duration (in msec) of vowels preceding intervocalic obstruents 
in sentence context. For each speaker, mean duration (and standard deviation), the 
ratio of the means and the difference between the means are given. The mean 
average of the eight individual means is given (the group mean), together with the 
ratio of the two group means and the difference between them.

Table 3.8.5a. Vowels preceding /t/ and /d/.

Speaker:

IXJ s Id/ s d/t difference
d-t

4 99.9 2&7 124.5 47.6 1.25 24.6
10 99.1 14.8 104.3 30.0 1.05 5.2
11 111.2 10.7 131.7 52.0 1.18 20.5
13 99.3 19.5 101.4 38.8 1.02 2.1
16 104.1 19.4 111.5 18.1 1.07 7.4
17 124.4 20.0 127.5 37.2 1.02 3.1
18 122.6 20.3 120.6 34.4 0.98 -2.0
19 104.2 20.2 116.2 26.5 1.12 12.0

)up 108.1 20.7 117.2 35.7 1.08 9.1

In the case of the means for each speaker, n=6. In the case of the group mean, n=48.

Table 3.8.5b. Vowels preceding [k] and [g].

Speaker:

[k] s [g] s g/k difference

g-k

4 87.1 6.4 103.2 14.2 1.18 16.1
10 95.0 16.9 94.1 13.0 0.99 -0.9
11 110.1 19.1 120.1 27.4 1.09 10.0
13 88.5 8.5 93.8 18.9 1.06 5.3
16 101.5 19.6 107.4 21.0 1.06 5.9
17 119.0 12.2 123.4 25.3 1.04 4.4
18 107.9 11.2 112.5 8.5 1.04 4.6
19 94.1 106.3 1.8 1.13 12.2

oup 100.4 17.5 107.6 18.3 1.07 7.2

In the case of individual speakers’ means, for [k] n=4, for [g] n=3. In the case of the 

group means, for [k] n=32, for [g] n=24.
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Table 3.8.5c. Vowels preceding [k-*] and [g*].

Speaker:

[kj] s [gj] s gj/kj difference

gj-kj

4 124.2 1.0 124.3 9.8 1.00 0.1
10 91.5 2.9 116.0 11.3 1.27 24.5
11 123.3 1.6 124.3 9.0 1.01 1.0
13 98.3 20.1 105.0 5.1 1.07 6.7
16 115.3 11.6 124.2 18.2 1.08 8.9
17 149.3 2.1 140.5 4.9 0.94 -8.8
18 144.6 4.8 127.5 17.5 0.88 -17.1
19 120.1 1.9 128.5 19.7 1.07 8.4

oup 120.8 20.3 123.8 14.7 1.02 3.0

the case of individual speakers’ means, for [kj] n=2. for [gj] n=3. In the c;

the group means, for [k̂ ] n=16, for [g*] n=24.

Table 3.8.5d. Vowels preceding /s/ and Izl.

Speaker:

Isl s Izl s z/s difference
z-s

4 134.8 25.1 147.3 22.7 1.09 12.5
10 97.3 15.8 127.7 12.5 1.31 30.4
11 130.4 13.7 140.3 27.4 1.08 9.9
13 99.6 13.0 117.6 18.9 1.18 18.0
16 121.0 10.3 136.5 16.4 1.13 15.5
17 146.0 15.9 157.2 17.5 1.08 11.2
18 122.1 23.3 146.0 23.3 1.20 23.9
19 121.1 18.6 139.7 16.1 1.15 18.6

oup 121.5 22.9 139.0 22.2 1.14 17.5

In the case of the means for each speaker, n=10. In the case of the group mean, 
n=80.
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Tables 3.8.6a -  6d. The mean duration (in msec) for each speaker of vowels before 
intervocalic consonants, analysed according to vowel quality (with standard 
deviations). The mean values were the datapoints for the Analyses of Variance 
described in section 3.8.2.

Table 3.8.6a. Vowel duration before intervocalic [-voice] and [+voice] stops in 
word-list and sentence contexts (sentence-final and non-final tokens included).

[-voice] [+voice] [-voice] [4-voice]
word list

Speaker:
4 157.9

s
18.5 188.1

s
18.8 137.8

s
17.7 157.6

s
19.6

10 131.5 13.7 155.7 21.5 113.2 9.9 138.2 11.8
11 133.2 16.1 156.5 16.9 116.9 16.6 133.0 24.5
13 102.0 14.4 122.4 14.5 89.4 9.3 97.3 9.2
16 132.4 12.8 142.5 18.9 110.9 9.4 119.2 16.1
17 144.6 18.0 159.2 10.4 121.6 20.8 128.8 16.6
18 146.8 9.9 170.1 10.7 119.2 13.2 134.7 14.7
19 143.4 17.6 169.3 20.2 114.1 27.6 128.1 20.7

sentence
Speaker:

4 108.4 23.7 138.4 19.8 82.3 10.6 80.7 21.2
10 97.8 12.7 117.9 10.6 93.8 17.2 78.3 16.6
11 120.6 7.0 146.4 26.9 97.2 6.4 88.0 21.1
13 94.8 18.2 114.7 18.0 96.9 13.0 71.8 20.8
16 111.9 16.3 120.2 17.9 91.6 12.5 100.4 11.1
17 132.6 18.9 146.7 10.6 114.9 11.7 95.7 18.3
18 132.3 13.5 133.6 15.5 99.7 7.7 93.7 19.1
19 110.5 19.2 127.5 14.6 89.6 17.3 95.3 16.2

Table 3.8.6b. Vowel duration before intervocalic stops in sentence context, 
excluding those tokens in non-final position.

u
[4-voice]

sentence
Speaker: s

4 96.3 10.6
10 89.5 14.4
11 105.1 11.7
13 84.1 12.0
16 96.1 10.6
17 109.9 13.2
18 108.6 7.4
19 106.4 2.5
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Table 3.8.6c. Vowel duration before intervocalic fricatives (sentence-final and non-
final tokens included).

word list

sentence

[-voice] [+voice] [-voice]

[-voice] [4-voice]

Speaker: s s
4 163.5 14.6 195.1 24.1

10 132.7 6.5 155.7 7.0
11 137.8 22.9 170.8 13.6
13 115.0 8.6 136.2 24.6
16 124.1 6.7 162.0 14.0
17 139.7 12.6 179.2 13.5
18 166.2 13.5 186.2 9.9
19 133.5 8.9 170.7 11.6

Speaker:
4 152.6 2.6 126.2 2.4

10 93.9 5.4 108.2 8.6
11 151.8 8.3 100.4 3.8
13 104.8 5.8 93.5 11.0
16 116.8 5.6 113.5 4.0
17 156.2 15.3 131.4 19.9
18 136.2 1.2 115.3 8.6
19 114.5 4.2 114.9 9.0

[4-voice]
word list

Speaker:
4 189.9

s
16.8 208.8

s
12.4 183.6

s
25.4 206.4

s
21.1

10 157.0 11.1 167.0 11.6 139.8 11.9 156.1 15.4
11 164.3 22.6 178.0 18.3 142.2 20.1 165.7 25.3
13 116.1 14.5 145.6 22.9 112.2 7.2 122.8 18.1
16 151.9 12.5 169.9 9.1 144.4 12.9 169.1 17.2
17 166.4 8.8 195.0 13.3 147.8 15.1 195.8 15.1
18 181.8 8.8 200.0 14.4 161.1 12.6 193.5 13.1
19 151.4 7.6 178.1 9.2 151.5 15.6 183.4 14.8

sentence
Speaker:

4 146.8 18.5 152.9 11.8 114.0 23.7 152.2 32.1
10 113.4 4.5 129.8 3.8 83.0 9.4 135.3 9.6
11 129.6 8.0 147.5 6.7 120.6 6.6 153.2 29.2
13 107.1 13.3 124.6 13.3 89.6 9.5 122.6 19.2
16 130.8 2.8 140.8 5.5 113.4 9.2 143.8 18.0
17 150.7 14.9 163.2 13.1 136.2 15.2 164.1 7.9
18 140.5 11.1 155.7 13.0 96.6 7.0 151.8 25.3
19 141.4 5.3 152.9 1.8 104.2 6.9 139.0 10.0
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Table 3.8.6d. Vowel duration before intervocalic fricatives in sentence context,
excluding those tokens in non-final position.

o
[-voice]

sentence
Speaker: s

4 134.3 6.6
10 8&3 12.3
11 124.1 8.8
13 86.2 1.3
16 112.5 14.8
17 138.1 26.1
18 101.1 1.7
19 101.4 1.1

Table 3.8.7a: Duration (in msec) of vowels preceding intervocalic stops: mean and 
standard deviation of the means from each of the eight speakers in each category 
(sentence-final and non-final tokens included).

word-list 

loi /u/

sentence

loi /u/

mean mean mean s mean

[-voice] 136.48 16.56 115.39 13.41 113.61 14.15 95.75 9.45

[+voice] 157.97 19.63 129.61 17.11 130.68 12.60 87.99 10.06

[+v]-[-v] 21.49 14.22 17.07 -7 .7 6
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Table 3.8.7b: Duration (in msec) of vowels preceding intervocalic fricatives: mean 
and standard deviation of the means from each of the eight speakers in each 
category (sentence-final and non-final tokens included).

[-voice]

[+voice]

/a/

mean

159.85

180.30

2237

20.41

word-list

loi

mean 5

147.82 20.17

174.10 26.80

Id

mean 5

139.06 17.77

169.49 18.47

[+v]-[-v] 20.45

[-voice]

[+voice]

/a/

mean

132.54

145.93

15.58

13.28

26.28

sentence

loi

mean 5

107.20 17.41

145.25 12.89

30.43

Id

mean ^

128.35 24.03

112.92 12.44

[+v]-[-v] 13.39 38.05 -15.43

Table 3.8.7c: Duration (in msec) of vowels preceding intervocalic fricatives: mean 
and standard deviation of the means from each of the eight speakers in each 
category. Figures for sentence context include only those tokens in sentence-final 
position.

word-list sentence

/a/ loi Id loi

mean s mean s mean s mean s

[-voice] 159.85 22.37 147.82 20.17 132.54 15.58 110.75 19.90

[+voice] 180.30 20.41 174.10 26.80 145.93 13.28 145.25 12.89

[+v]-[-v] 20.45 26.28 13.39 34.50
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Tables 3.8.8a -  8b: Mean duration (in msec) of the Vowel+Consonant sequence for 
each speaker when the consonant was a stop (Table 8a) and a fricative (Table 8b). 
All vowel qualities are included. The group mean given is the mean of the eight 
individual speakers’ means. The difference (in msec) in absolute duration and in the 
ratios between sequences containing [-voice] and [+voice] obstruents is also given.

Table 3.8.8a: Stops

[-voice]
speaker

[+voice] [-v] -  [+v] [-v]/[+v]

4 240.3 242.9 -2.6 0.99

10 203.6 210.2 -6.6 0.97

11 236.6 225.5 11.1 1.05

13 173.2 171.2 2.0 1.01

16 217.5 201.7 15.8 1.08

17 253.9 227.4 26.5 1.12

18 245.0 233.5 11.5 1.05

19 234.8 234.4 0.4 1.00

group mean 225.6 218.4 7.3 1.03

fable 3.8.8b: Fricatives

[-
speaker

-voice] [+voice] [-v] -  [+v] [-v]/[+v]

4 315.4 291.6 23.8 1.08

10 277.7 251.2 26.5 1.11

11 321.7 279.1 42.6 1.15

13 242.0 216.6 25.4 1.12

16 286.9 246.6 40.3 1.16

17 318.2 286.9 31.3 1.11

18 345.2 290.8 54.4 1.19

19 306.0 255.4 50.6 1.20

group mean 301.6 264.8 36.9 1.14
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Tables 3.8,9a -  9b: Mean duration (in msec) of the Vowel+Consonant sequence for 
each speaker when the vowel was loi only. The group mean given is the mean of 
the eight individual speakers’ means. The difference (in msec) in absolute duration 
and in the ratios between sequences containing [-voice] and [+voice] obstruents is 
also given.

Table 3.8.9a: Stops 

speaker
[-voice]

Table 3.8.9b: Fricatives

[-voice]

[+voice] [-v] -  [+v]

[+voice] [—v] — [+v]

[-v]/[+v]

4 248.6 251.0 -2.4 0.99

10 212.1 218.1 -6.0 0.97

11 242.0 230.4 11.6 1.05

13 175.9 177.1 -1.2 0.99

16 224.1 208.3 15.8 1.08

17 260.0 238.1 21.9 1.09

18 252.7 246.5 6.2 1.03

19 245.5 245.7 -0.2 1.00

group mean 232.6 226.9 5.7 1.03

[-v]/[+v]
speaker

4 320.7 295.1 25.6 1.09

10 270.6 244.4 26.2 1.11

11 311.8 279.6 32.2 1.12

13 239.6 209.6 30.0 1.14

16 290.5 242.6 47.9 1.20

17 313.8 288.7 25.1 1.09

18 341.6 287.1 54.5 1.19

19 307.7 264.3 43.4 1.16

group mean 299.5 263.9 35.6 1.13
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Figure 3.8.e. Duration of loi + consonant sequence in word-list context, when the 
consonant is intervocalic, for stops (i) and fricatives (ii).
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3.9 OBSTRUENTS IN WORD-FINAL POSITION

3.9.1 Consonant duration

The mean duration for each speaker of /t/, /d/, /k/, /g/, Isl and Izl in word-final

position is given in Table 3.9.1a-c, together with the mean duration over all tokens 
(also shown in Figure 3.9.a). It can be seen that the difference between [-voice] and 
[4-voice] obstruents is very small. The group mean durations show /t/ to be 1.8 msec 

longer than /d/, /k/ 2.6 msec longer than /g/ and Isl 5.9 msec longer than Izl,

Although these group means all show a positive if small difference, the mean values 
for each speaker do not in all cases show [-voice] obstruents to be longer than 
[4-voice] obstruents. Negative results were obtained for three speakers (11, 13 and 

18) in the case of /t/ -  /d/, for speaker 18 and also speaker 17 in the case of /k/ -  /g/, 

and for speaker 17 again and speaker 10 in the case of Isl -  Izl.

In the case of one speaker (Speaker 18) the mean duration of Isl was nearly 20 msec 
longer than that for Izl. The means of the five word pairs containing Isl and Izl 
showed a difference in this direction, although stops were not similarly 
distinguished for this speaker. In the case of another speaker (Speaker 19), there was 
a 13 msec difference between /t/ and /d/ and a 10 msec difference between Dd and 

/g/. Again, all (six) word pairs within these categories showed a difference in this 

direction, although fricative pairs did not.

In the case of two other speakers (Speakers 4 and 11) there was a difference 
between the means for Isl and Izl of 10 msec. In the case of neither speaker, 
however, did all word pairs containing Isl and Izl show a difference in this direction.

The mean of the four repetitions of each word token was calculated for each 
speaker. In 54 (61%) of the 88 minimal or near-minimal word pairs (11 pairs x 8 
speakers), the underlying [4-voice] obstruent was shorter than its [-voice] 

counterpart: 71% of pairs with underlying /t, d/, 58% of those with underlying /k, g/

and 58% also of those with underlying /s, z/. All speakers produced some word pairs 
where the difference was in the unexpected direction.

Two-way repeated measures analyses of variance were carried out on the mean 
values from each speaker of [-voice] and [4-voice] stops (Table 3.9.2) and [-voice] 
and [4-voice] fricatives (Table 3.9.1c). The two within-subject factors were Voice
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and Manner. The main effect of Voice was significant at the 5% level (F(l,7) =
9.74, p = 0.017). There was a very small difference both in the case of stops (a 
difference between the means of the eight speakers’ values of 2.19 msec) and 
fricatives (5.91 msec) (Table 3.9.3a).

The main effect of Manner was highly significant (F(l,7) = 118.88, p < 0.005). 
[-voice] fricatives were 91.16 msec longer than [-voice] stops, and [+voice] 
fricatives were 87.44 msec longer than [+voice] stops.

There was no interaction of Voice and Manner (F(l,7) = 0.85, p = 0.387). Although 
the difference between [+voice] and [-voice] was slightly greater in the case of 
fricatives, this difference is not significant, the voicing effect being independent of 
the manner.

As in the tests concerning intervocalic obstruents, the between-subjects effect was 
highly significant (F(l,7) = 564.50, p < 0.005).

3.9.2 Vowel duration

The duration of vowels preceding the three consonant pairs is given in Tables 
3.9.4a-c. The mean duration over all tokens show that vowels before [+voice] 
obstruents are slightly longer than those before their [-voice] counterparts: by 4.4 

msec in the case of /t/ -  /d/, 5.0 msec in the case of /k/ -  /g/ and 6.0 msec in the case

of /s/ -  Izl (Figure 3.9.b). However, the mean durations from each speaker show that 
there are some speakers who do not show a difference: speaker 17 in the case of 
dental stops, speaker 4 in the case of velar stops and speakers 16,17 and 19 in the 
case of alveolar fricatives. In the case of other speakers, however, the difference is 
close to that found before intervocalic obstruents: a 23.4 msec difference between 

vowels before Dd and /g/ produced by speaker 11 (a ratio of [+voice] to [-voice] of

1.2), and a 20.0 msec difference between vowels before Isl and Izl produced by 
speaker 4 (a ratio of [+voice] to [-voice] of 1.1).

A comparison of individual word pairs showed that in 60 out of the 88 pairs (68%) 
the vowel was longer before an underlying [+voice] obstruent than before its 

[-voice] counterpart: in 71% of pairs contrasting t/d, 67% of those contrasting k/g

and 68% of those contrasting s/z. As was the case with consonant duration above, 
all speakers produced some word pairs where the difference was in the unexpected 
direction.
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Analyses of variance were carried out on the mean values for each speaker. As was 
the case with intervocalic consonants, the vowels preceding stops and fricatives 
were different: before both dental and velar stops there were two word pairs with loi 
(rot -  rod, p lo t-p lo d ’, porok-porog, strok -  strog) and one with /u/ (prut - prud; 
luk -  lug). Before fricatives, there were two word pairs with loi (kos -  koz, ros -  
roz), two with /a/ (bas -  baz, vas -  vaz) and one with /e/ (les -  lez). Since vowel 
quality was expected to have a significant effect on vowel duration. Vowel was 
included as one of the factors in order to account for this expected variance. 
However, as the same vowels did not appear before both stops and fricatives, the 
two manners of articulation were tested separately.

The mean values for each speaker for each vowel before [-voice] and [+voice] stops 
and [-voice] and [+voice] fricatives is shown in Tables 3.9.5a and 5b. In the case of 
/u/ before stops, and all three vowels before fricatives, three of the eight speakers 
did not show a difference in the expected direction. Two-way repeated measures 
ANOVAs were carried out on both sets of mean values (with Vowel and Voice the 
within-subject variables).

Voice did not have a significant effect on preceding vowel duration (stops: F(l,7) = 
2.25, p = 0.177; fricatives: F(l,7) = 5.01, p = 0.060). Neither was there a significant 
interaction of Voice x Vowel (stops: F(l,7) = 1.64, p = 0.241; fricatives: F(2,14) = 
0.77, p = 0.483).

In the case of the vowel duration before both stops and fricatives, the identity of the 
vowel had a significant effect on duration, as expected (stops: F(l,7) = 26.25, p = 
0.001; fricatives: F(2,14) = 7.20, p = 0.007). As Tables 3.9.3b and 3.9.3c show, /a/ 
was longer than loi (before fricatives) and loi was longer than /u/ (before stops). 
However, /e/ was shorter than loi before Izl but longer than loi before /s/. The 
differences between /e/ and loi are very small and not themselves necessarily 
significant, however.

As in all previous tests, the between-subjects effect was highly significant (stops: 
F(l,7) =287.90, p < 0.005; fricatives: F(l,7) = 422.12, p < 0.005), indicating that the 
variation between speakers in vowel duration was significant.

3.9.3 Voicing duration

The mean duration of voicing during the consonant is given in Tables 3.9.6a-c (and 
Figure 3.9.c). Although the mean values grouped over all tokens shows that there is 

a longer duration of voicing during /d/, /g/ and Izl than in their [-voice]
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counterparts, the differences are extremely small in absolute terms: 0.2 -  2.6 msec. 
The mean values from the individual speakers show that in eight cases the 
difference is in the opposite direction. Only one speaker produced a difference 
which was greater than 10 msec (speaker 11 in the case of velar stops). This is 
accounted for by one of the tokens of lug which was produced with voicing 

throughout the final stop (95.8 msec). As there were two other values for /g/ greater

than 40 msec for this speaker, it was felt unjustified to exclude just this one value. 
This was the only example of a fully voiced obstruent, and is possibly a case of 
artificial spelling pronunciation. This issue is discussed in section 3.10 below.

In the case of Speaker 19 there was a 6.3 msec difference in the means for the three 

k/g pairs, and in the case of speaker 18 a 7.2 msec difference for the five s/z pairs.

In both cases all the pairs concerned showed a difference in this direction. However, 
the number of pairs is of course low, and for both speakers the difference between 
the means for other word pairs (dental and velar stops in the case of Speaker 18, 
fricatives and dental stops in the case of Speaker 19) was in the opposite direction. 
Neither speaker’s results therefore show a consistent difference in consonantal 
voicing between underlying [+voice] and [-voice].

Over all eight speakers, comparison of the 88 word pairs shows that in the case of 
50 pairs (57%) voicing during a [+voice] obstruent was longer than during its 
[-voice] counterpart.

A two-way repeated measures analysis of variance was carried out on the mean 
values from each speaker of voicing during a stop (Table 3.9.7) and during a 
fricative (Table 3.9.6c). The two within-subject variables were Voice and Manner.

The main effect of Voice was significant at the 5% level (F(l,7) = 6.15, p = 0.042). 
As the table of the means of the values (Table 3.9.3d) shows, voicing during a 
[4-voice] obstruent was very slightly longer than during a [-voice] obstruent.

There was no significant main effect of Manner (F(l,7) = 1.81, p = 0.220), nor was 
there a significant interaction of Voice x Manner (F(l,7) = 0.46, p = 0.521). This 
indicates that the duration of voicing was not significantly different in stops and 
fricatives, and the small effect of the value for [4-/-voice] on the duration of voicing 
was not dependent on the manner of articulation of the consonant.
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In summary, there was weak support (at the 5% level of significance) for a 
distinction between [+voice] and [-voice] obstruents by the duration of the 
consonant and of the voicing during the consonant. However, this effect was not 
consistent across all word pairs for any individual speaker.

Although the effect of manner of articulation on consonant duration was highly 
significant, the effect of the [+/-voice] feature and the manner were independent of 
one another.

There was a not unexpected effect of vowel identity on the duration of the vowel, 
but there was no significant voicing effect on vowel duration.

In all tests, inter-speaker variation in the duration of the temporal intervals measured 
was highly significant.

3.9.4 Comparison between obstruents in word-final and intervocalic position

One question which arises from these results is whether the duration of the devoiced 
final consonant and that of the preceding vowel are the same as those of intervocalic 
[-voice] obstruents, or indeed those of intervocalic [+voice] obstruents, or are in 
fact different. This section investigates how the temporal structure of the V + C 
sequence in word-final position differs from that of the equivalent sequence which 
contains an intervocalic consonant.

3.9.4.1 CONSONANT DURATION

When the duration of intervocalic and word-final obstruents (produced in the word- 
list context) are compared (Tables 3.8.1a, b, d and Tables 3.9.1a-c), it can be seen 
that the consonant duration is neutralised to a value greater than both [4-voice] and 
[-voice] intervocalic obstruents. Figures 3.9.d-f show that this is the case for all 
three consonant groups. When compared with intervocalic /t/, word-final /t/ is 23.2 
msec (23%) longer, word-final /d/ 21.4 msec longer. Word-final fkJ is 16.8 msec 

(18%) longer than in intervocalic position, word-final /g/ 14.2 msec longer. In the

case of fricatives, the difference is greater, word-final /s/ being 57.0 msec (38%) 
longer, and word-final /z/ 51.1 msec longer, than intervocalic Isl.

A possible interpretation of these results is that there is both neutralisation and 
lengthening due to the position in the word. Such lengthening of word-final 
consonants compared to those in intervocalic position is reported by Oiler (1973)
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and Port (1981) in the case of stops in English. These results are discussed further 
below (section 3.10).

5.9.4.2 VOWEL DURATION

A comparison of the group means in Tables 3.8.4a, b and d and Tables 3.9.4a-c 
shows that vowel duration before word-final underlying [-voice] and [+voice] 
obstruents are in between the values found before intervocalic obstruents: longer 
than before intervocalic [-voice] obstruents but shorter than before intervocalic 
[4-voice] obstruents (Figures 3.9.g-i). For example, vowels before word-final /t/ 
were 9.0 msec longer than before intervocalic /t/; vowels before word-final /d/ were
10.2 msec shorter (no significant difference between word-final /t/ and /d/ was 
found: section 3.9.2 above).

These results indicate that there is little vowel lengthening due to the position in the 
word. Such lengthening has been found in English by, for example, Klatt (1973), 
Oiler (1973) and Port (1981). Even if it were argued that in the present study the 
difference between vowels preceding intervocalic and word-final [-voice] 
obstruents was due to positional lengthening alone, the difference is small. The 
interpretation of these results is discussed further in section 3.10 below.

In summary, the neutralised vowel duration is neutralised to values in between those 
typical for vowels before [4-voice] and [-voice] intervocalic consonants. The mean 
consonant duration of underlying /t/ and /d/ is longer than not only [4-voice] 
intervocalic consonants but the longer [-voice] consonants also. In the case of 
sequences with word-final underlying /t/, for example, this leads to a V 4- C dyad 
where the vowel is 53% and the consonant is 47% of the total sequence duration^. 
The proportions for V 4- intervocalic Ixj dyads were 57% and 43% respectively. The 
temporal structure of V 4- C when the consonant is word-final differs therefore from 
both V 4- C[4-voice] and V 4- C [-voice] when the consonant is in intervocalic 
position.

The group means from Tables 3.8.1, 3.8.4, 3.9.1 and 3.9.4 have been used for all calculations in 
this section.
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Tables 3.9.1a -  le: Duration (in msec) of word-final obstruents. For each speaker, 
mean duration (and standard deviation), the ratio of the means and the difference 
between the means are given. The group mean durations of [-voice] and [+voice] 
obstruents over all tokens are given, together with the difference between and ratio 
of the means.

Table 3.9.1a: lil /d/. In the case of the means for each speaker, n=12. In the case of 
the group mean, n=96.

Speaker:

N s /dJ s d/t difference
d-t

4 95.5 6.6 92.8 &7 1.03 2.7
10 96.7 10.1 94.0 11.2 1.03 2.7
11 136.5 19.6 147.6 11.3 0.92 -11.1
13 87.5 13.9 88.2 11.0 0.99 -0.7
16 122.6 14.5 117.3 20.3 1.05 5.3
17 149.3 12.7 143.2 5.9 1.04 6.1
18 161.2 21.9 164.8 19.4 0.98 -3.6
19 132.1 12.9 119.1 15.4 1.11 13.0

group 122.7 29.1 120.9 30.0 1.01 1.8

Table 3.9.1b: fkJ /g/. In the case of the means for each speaker, n=12. In the case of 

the group mean, n=96.

Speaker:

fk! s /g/ s g/k difference

g-k

4 90.0 3.7 89.7 10.4 1.00 0.3
10 90.1 7.7 88.3 9.9 1.02 1.8
11 127.2 12.6 123.6 15.8 1.03 3.6
13 89.0 7.6 85.3 6.2 1.04 3.7
16 114.6 9.0 106.6 17.7 1.08 8.0
17 124.9 11.1 127.8 19.0 0.98 -2.9
18 131.5 13.4 135.7 19.5 0.97 -4.2
19 118.0 9.8 108.0 13.7 1.09 10.0

group 110.7 19.5 108.1 23.1 1.02 2.6
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Table 3.9.1c: /s/ /z/. In the case of the means for each speaker, n=20. In the case of 
the group mean, n=160.

Speaker:

/s/ s !tJ s z/s difference
z-s

4 191.1 19.8 180.3 15.9 1.06 10.8
10 198.1 17.6 203.7 21.7 0.97 -5.6
11 255.3 20.6 245.0 21.1 1.04 10.3
13 186.5 19.1 180.3 11.1 1.03 6.2
16 223.6 38.5 217.5 30.7 1.03 6.1
17 194.4 12.6 197.8 20.1 0.98 -3.4
18 209.8 14.8 189.9 25.9 1.10 19.9
19 204.0 218 201.0 23.9 1.01 3.0

group 207.8 30.2 201.9 29.4 1.03 5.9

Table 3.9.2: Mean duration (msec) of word-final stops for each speaker

Speaker: [-voice] [+voice] [-v] -  [+v]

mean s mean s

4 92.8 5.9 91.3 9.5 1.5

10 93.4 9.4 91.2 10.7 2.2

11 131.9 16.8 135.6 18.2 -3.7

13 88.3 10.9 86.8 8.8 1.5

16 118.6 12.5 111.9 19.4 6.7

17 137.1 17.1 135.5 15.9 1.6

18 146.4 23.4 150.2 24.1 -3.8

19 125.0 13.3 113.5 15.3 11.5
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Table 3.9.3a: Duration of word-final obstruents: mean of the eight speakers’ values
stop fricative

mean ^ mean s

[-voice] 116.69 22.43 207.85 22.46

[+voice] 114.50 23.95 201.94 21.38

[—v] — [+v] 2.19 5.91

Table 3.9.3b: Duration of vowels before word-final stops: mean of the eight
speakers’ values

loi /u/

mean ^ mean s

[-voice] 139.35 20.01 124.80 30.99

[4-voice] 146.26 19.79 125.08 20.90

[+v] -  [-v] 6.91 0.28

Table 3.9.3c: Duration of vowels before word-final fricatives: mean of the eight
speakers’ values

/a/ loi Id

mean f mean s mean s

[-voice] 170.39 22.26 156.85 23.55 158.78 21.18

[4-voice] 174.29 23.78 165.99 29.66 162.21 22.63

[+v] -  [-v] 3.90 9.14 3.43

Table 3.9.3d: Duration of voicing during; word-final obstruents: mean of the eight
speakers’ values 

stop fricative

mean ^ mean s

[-voice] 15.79 6.60 18.15 5.62

[4-voice] 17.20 6.78 20.46 6.30

[4-v] — [—v] 1.41 2.31
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Tables 3.9.4a -  4c: Duration (in msec) of vowels preceding word-final obstruents. 
For each speaker, mean duration (and standard deviation), the ratio of the means and 
the difference between the means are given. The group mean durations of [-voice] 
and [+voice] obstruents over all tokens are given, together with the difference 
between and ratio of the means.

Table 3.9.4a: Vowel duration before /t/ and /d/. In the case of the means for each 
speaker, n=12. In the case of the group mean, n=96.

Speaker:

/t/ s Id! s d/t difference
d-t

4 185.0 34.1 187.1 40.3 1.01 2.1
10 132.9 14.3 139.8 14.8 1.05 6.9
11 125.9 21.5 132.8 14.6 1.05 6.9
13 103.2 19.0 116.4 14.9 1.13 13.2
16 142.3 19.6 152.3 17.8 1.07 10.0
17 150.8 24.0 144.2 15.4 0.96 -6 .6
18 140.1 15.8 141.4 17.5 1.01 1.3
19 136.3 21.4 137.8 11.5 1.01 1.5

group 139.6 30.4 144.0 27.2 1.03 4.4

Table 3.9.4b: Vowel duration before Dd and /g/. In the case of the means for each 

speaker, n=12. In the case of the group mean, n=96.

Speaker:

Ik/ s /g/ s g/k difference

9-k

4 183.9 28.4 177.6 31.5 0.97 -6.3
10 122.4 16.9 128.4 12.7 1.05 6 .0
11 115.7 23.5 139.1 32.8 1 .20 23.4
13 104.6 16.6 110 .0 18.0 1.05 5.4
16 132.7 24.6 132.9 15.6 1 .00 0 .2
17 133.1 17.4 138.3 18.2 1.04 5.2
18 124.9 28.3 125.3 27.4 1 .00 0.4
19 118.1 22.4 123.9 229 1.05 5.8

group 129.4 31.3 134.4 29.2 1.04 5.0
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Table 3.9.4c: Vowel duration before /s/ and /z/. In the case of the means for each
speaker, n=20. In the case of the group mean, n=160.

Speaker:

/s/ s /z/ s z/s difference
z-s

4 201.3 24.7 221.3 28.1 1 .10 2 0 .0
10 160.2 17.5 161.4 13.8 1.01 1.2
11 154.9 228 165.0 19.7 1.07 10.1
13 123.3 17.5 133.5 11.7 1.08 10 .2
16 162.6 15.7 158.9 14.0 0.98 -3.7
17 172.2 14.1 171.6 13.4 1.00 -0 .6
18 168.3 19.9 179.7 15.9 1.07 11.4
19 158.2 24.3 156.8 21.0 0.99 -1.4

group 162.6 28.1 168.6 29.4 1.04 6.0
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Table 3.9.5a: Duration of vowels before word-final stops: mean duration (and
standard deviation) for each speaker

-voice

+voice

speaker: lo i s /u / s

4 178.1 27.5 197.1 34.6
10 134.1 10.5 114.7 18.5
11 127.3 17.8 107.8 26.7
13 107.9 19.5 95.8 8.7
16 144.8 20.1 123.0 20.1
17 147.4 23.2 131.2 17.4
18 142.0 16.9 113.6 24.9
19 133.2 16.7 115.2 30.8

4 188.4 33.8 170.3 38.6
10 138.0 13.1 126.3 15.4
11 147.6 17.7 1 1 2 .6 21.3
13 117.6 16.1 104.4 14.4
16 146.9 18.7 134.0 18.0
17 148.0 12.5 127.7 16.6
18 145.7 15.2 108.6 18.5
19 137.9 15.3 116.7 18.8

Table 3.9.5b: Duration of vowels before word-final fricatives: mean duration for 
each speaker

-voice

-f-voice

speaker: a s 0 s e s

4 208.1 19.7 194.8 23.6 200.9 37.4
10 169.2 11.6 153.6 22.4 155.4 9.5
11 171.6 13.6 136.1 19.8 159.5 15.3
13 126.4 10.8 118.0 21.2 127.8 22.0
16 163.7 10.6 169.3 18.8 146.8 5.0
17 177.0 18.6 172.2 10.1 162.6 4.8
18 173.7 14.2 162.4 25.0 169.5 20.2
19 173.4 25.0 148.4 23.1 147.7 4.0

4 222.4 25.6 231.5 14.8 199.0 44.8
10 166.2 7.2 158.8 19.1 157.1 11.5
11 177.3 17.8 157.9 20.4 154.8 8.6
13 137.6 7.5 131.1 15.4 130.3 10.8
16 165.4 7.9 162.1 10.5 139.5 14.0
17 176.8 11.2 168.2 16.8 168.1 8.5
18 182.6 9.0 173.6 22.9 186.3 3.3
19 166.0 19.5 144.7 21.4 162.6 13.8
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Tables 3.9.6a -  6 c: Duration (in msec) of voicing during word-final obstruents. For 
each speaker, mean duration (and standard deviation), the ratio of the means and the 
difference between the means are given. The group mean durations of [-voice] and 
[4-voice] obstruents over all tokens are given, together with the difference between 
and ratio of the means.

Table 3.9.6a: /t/ and /d/. In the case of the means for each speaker, n=12. In the case 
of the group mean, n=96.

Speaker:

IM s /d/ s d/t difference
d-t

4 1 0 .0 7.4 9.4 2.9 0.94 -0 .6
10 2 0 .8 9.3 19.2 7.9 0.92 -1.6
11 1 1 .0 3.9 13.7 5.3 1.25 2.7
13 13.5 5.2 12.0 4.5 0.89 -1.5
16 15.3 6.8 12.1 7.3 0.83 -2 .6
17 11.5 4.4 13.5 8.3 1.17 2 .0
18 33.9 6.7 35.9 8.3 1.06 2 .0
19 19.2 10.4 2 0 .2 13.4 1.05 1.0

group 16.9 10.1 17.1 10.9 1 .01 0 .2

Table 3.9.6b: IkJ and /g/. In the case of the means for each speaker, n=12. In the case 

of the group mean, n=96.

Speaker:

Ikl s /g/ s g/k difference

g-k

4 11.8 4.3 12.5 5.3 1.06 0.7
10 17.3 12.1 15.8 8.7 0.91 -1.5
11 11.7 3.2 25.7 25.7 2 .2 0 14.0
13 12.2 4.3 13.1 5.3 1.07 0.9
16 12.4 7.7 12.0 10.8 0.97 -0.4
17 10.5 3.8 11.5 4.3 1 .10 1.0
18 26.9 6.8 26.7 7.6 0.99 -0 .2
19 14.7 5.2 2 1 .0 10.7 1.43 6.3

group 14.7 8.1 17.3 12.7 1.18 2 .6
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Table 3.9.6c: /s/ and /z/. In the case of the means for each speaker, n=20. In the case
of the group mean, n=160.

Speaker:

Isl s ItJ s z/s difference
z-s

4 23.3 11.7 23.5 10.0 1.01 0 .2
10 18.0 5.3 18.9 6.1 1.05 0.9
11 18.2 5.4 20.3 8.4 1 .12 2.1
13 14.7 3.4 14.6 4.3 0.99 -0.1
16 9.6 8.4 12.3 &7 1.28 2.7
17 13.2 5.5 16.1 13.9 1.22 2.9
18 21.4 8.9 28.6 10.9 1.34 7.2
19 26.8 11.6 29.4 8.7 1.10 2 .6

group 18.1 9.5 20.5 10.8 1.13 2.4

Table 3.9.7: Mean duration (msec) of voicing during word-final stops for each 
speaker

îaker: [-voice] [+voice] [+v] -  [-v]

mean s mean s

4 10.9 6.0 11 .0 4.5 0.1

10 19.1 10.7 17.5 - 1.6

11 11.3 3.5 19.7 19.1 8 .6

13 12.9 4.7 12 .6 4.8 -0.3

16 13.8 7.2 12.4 9.0 0 .6

17 11 .0 4.1 12.5 6.6 1.5

18 30.4 7.5 31.3 9.0 0.9

19 16.9 2 0 .6 11.8 3.7
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Figure 3.9.d. Mean duration of /t/ and /d/ in intervocalic and word-final position
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Figure 3.9.e. Mean duration of fkJ ([k] only) and /g/ ([g] only) in intervocalic and 
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Figure 3.9.f. Mean duration of /s/ and /z/ in intervocalic and word-final position
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Figure 3.9.g. Mean vowel duration preceding /t/ and /d/ in intervocalic and word- 
final position
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Figure 3.9.h. Mean vowel duration preceding /k/ ([k] only) and /g/ ([g] only) in 

intervocalic and word-final position
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Figure 3.9.i. Mean vowel duration preceding /s/ and /z/ in intervocalic and word- 
final position
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3.10 DISCUSSION

3.10.1 The voicing contrast in intervocalic position

Consonant duration

To summarise, [+voice] obstruents were significantly shorter than their [-voice] 
counterparts. This applied to dental and velar stops and alveolar fricatives. A 
durational difference was found in both the word-list reading and in the slightly less 
artificial context of read sentences. However, the voicing effect was not independent 
of context: the effect found was significantly less in the sentence context. For 
example, [-voice] fricatives were 62 msec longer than their [+voice] counterparts in 
the word list context, 53 msec longer in the sentence context. The ratio of [+voice] 
to [-voice] appears to be similar in the two contexts, however.

Such an effect is not unexpected: a similar effect of context has been found in 
English, although the contexts are not exactly parallel (section 2.1.2.1 above). A 
smaller voicing effect, in terms of the difference in absolute duration, is apparent in 
sentence-medial compared to sentence-final position for intervocalic stops and 
fricatives (Laeufer, 1992), and no voicing effect in word-final stops was found in 
non-phrase final, in contrast with phrase-final, position by Luce and Charles-Luce 
(1985).

In the present study, the voicing effect in sentence-final context is still substantial: a 
difference of 24 msec for stops (a ratio of [-voice] to [+voice] of 1.37) and 53 msec 
(1.65) for fricatives. The difference in stop duration is similar to the 22 msec (39%) 
difference found for intervocalic p/b in utterance-final position by Flege and Brown 
(1982b), although slightly less than the 43 msec difference (a ratio of 1.47) found by 
Laeufer for word-final stops in English in sentence-final position.

In the word list context, the difference found in Russian is also within the range of 
that found for English intervocalic stops produced in isolation (Table 2.1.1). A 
comparison between lil and /d/ in Russian and intervocalic alveolar stops in English 
is difficult because of flapping in American English accents. Those studies which 
did include non-flapped lil and /d/ found a larger difference than at other places of 
articulation (for example, 50.5 msec (Subtelny et a l, 1966), 65 msec (Malécot, 
1968)). The 32 msec difference between lil and /d/ in this study is within the range 
of differences, 21-45 msec, found between /b/ and /p/ in English (Lisker, 1957,
1972; Sharf, 1962; Malécot, 1968; Westbury, 1979). The ratio of t:d in Russian,
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1.47, is also within the range of 1.24-1.53 found in these studies, although Lisker 
(1957) reports a greater ratio of 1.60. Overall stop durations were similar or slightly 
larger in English (for example, 60-92 msec (Sharf), 102-133 msec (Malécot)).

In the case of (non-palatalised) velar stops also, the 23 msec difference (a ratio of 
1.33) found here in the word-list context is similar to that found in English in a 
similar context by Sharf (19 msec, a ratio of 1.35) and Westbury (15 msec, a ratio of 
1.22), although less than the 41 msec difference (1.40) reported by Malécot. Any 
effect of palatalisation on closure duration was unclear due to the small number of 

tokens (for each speaker, n = 4 for [k-*] and [gp] in the word list context, for 

example), and was not tested for significance.

The difference in stop duration was also similar to that found in languages other 
than English. Keating (1980) found a difference of 39 msec between IxJ and /d/ in 
Polish (compared to 32 msec in this study), a ratio of 1.42 (compared to 1.47 here). 
Stop duration differences are of the same order as those found for intervocalic stops 
in French by Fischer-J0 rgensen (1972) (a ratio of [-voice] to [+voice] of 1.23-35) 
and Wajskop (1979) (1.41), but smaller than that found for v^ord-final stops by 
Laeufer (a difference of 64 msec, a ratio of 1.64). As discussed in section 2.1.2.2 
above, however, there is evidence that the voicing effect in word-final position is 
larger than that in intervocalic position in French (Fischer-j0 rgensen, 1972), and is 
therefore not strictly comparable to the intervocalic stops in the present study. 
Furthermore, overall stop duration for the stops in sentence-final position in 
Laeufer's study was greater than in Russian: 100-165 msec. In the case of sentence- 
medial (word-final) stops in French, where overall duration (71-102 msec) was 
similar to the (intervocalic) stops in word-list context in this study (70-96 msec), the 
voicing effect was of a similar degree in the two languages: 30 msec, a ratio of 1.42.

The absolute durational differences and ratios found here for dental stops are 
smaller than those found in Dutch (35 msec and 1.69) and German (45 msec and 
1.87) by van Dommelen (1982) for intervocalic alveolar stops produced in isolation, 
but within the range found in German by Kohler (1977) (which was 27-33 msec, a 
ratio of 1.36-1.47). The smaller difference found in Russian for velar stops was not, 
however, found by Kohler, who reports a 34 msec difference.

In summary, a range of values is reported for other languages, and the effect of 
voicing on stop duration found in the present study in Russian is of approximately 
the same degree as that found in English, French, Polish and German.
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In the case of fricatives, the 62 msec difference found here between /s/ and /z/ (in 
word-list tokens) is larger than the 20-30 msec difference found in English for 
intervocalic fricatives produced in isolation (Subtelny et a/., 1966; Malécot, 1968; 
Prosek and House, 1975). The ratio (of [-voice] to [+voice]) is also greater: 1.69 
here, compared with 1.13-1.28 found in English. It is much smaller, however, than 
the large difference (1 0 0 -2 0 0  msec, a ratio of approximately 2 ) reported for word- 
final fricatives by Denes (1955), but similar to the 72 msec difference (a ratio of 
1.57) found for word-final fricatives in English by Laeufer (1992), where overall 
durations were similar to the present study. This substantial inter-study variation in 
the magnitude of the effect makes any comparison of degree difficult; but 
comparing consonants in the same word position (intervocalic) the difference in the 
present study is larger than that found for English.

In the case of languages other than English, the durational difference for fricatives 
was similar in Dutch, where Slis and Cohen (1969a) found a 50 msec difference in 
intervocalic position. A larger difference has been found for word-final fricatives in 
French: 103 msec (a ratio of 1.77) in sentence-final position (Laeufer, 1992), and 
118 msec (1.87) (Debrock, 1977). However, in view of the fact, discussed above, 
that the voicing effect at least on stop closure duration is greater in word-final than 
intervocalic position in French, these studies are not strictly comparable with the 
present study. Furthermore, when a comparison is made with the voicing effect 
found by Laeufer in sentence-medial position in French is made, where the overall 
fricative duration is similar, a similar durational difference is found: 65 msec, a ratio 
of 1.64. This is a similar situation as that noted for stops above. Cross-study 
comparisons are difficult, however: Flege and Hillenbrand (1986), in a comparative 
study, found a greater difference in French than English even when overall durations 
were similar.

Because of such inter-study variation, together with the fact that word position is 
often not the same as in the present study^, it is difficult to draw firm conclusions as 
to whether the degree of difference in Russian is the same as that in other languages. 
It does appear, however, that the voicing effect on the duration of both stops and 
fricatives in Russian is of a similar magnitude to that found in a range of other 
languages, particularly when consonants with the same overall duration are 
compared, although there is a greater effect on fricative duration than in English.

It was not possible to compare word-final consonants in French and English with word-final 
consonants in Russian, because of the complicating factor of neutralisation. The results for word- 
final obstruents are discussed below.
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It is also apparent that the manner of articulation may affect the degree of the 
voicing effect in similar ways in Russian and other languages. In the present study, 
the voicing effect was significantly greater in the case of fricatives than stops: in the 
word list context, for example, a difference of 62 compared to 26 msec. The ratio of 
[-voice] to [+voice] is greater also: in the word-list context, 1.69 for fricatives 
compared to 1.38 for stops (in the sentence context the ratios were 1.65 and 1.37 
respectively)® In French, a greater difference is apparent (although not statistically 
tested): a difference of 103 msec (1.77) for fricatives, 64 msec (1.64) for stops 
(Laeufer, 1992). In the same study a similar effect is apparent in English in word- 
final consonants.

A possible explanation for this difference may lie in the nature of the relationship 
between the supraglottal constriction and the production of frication and voicing. In 
the case of both voiced and voiceless fricatives, the duration of detectable frication 
was measured. The production of noise depends both on the closeness of the 
supraglottal constriction and on the level of intra-oral air pressure, which in turn is 
affected by the degree of opening at the glottis (Stevens et a l, 1992). The glottal 
opening is greater for voiceless than voiced fricatives, and, as Stevens et al. have 
modelled, aperiodic noise is greater in intensity for a given supraglottal constriction 
for voiceless compared to voiced fricatives. The duration of audible frication may 
therefore be shorter for voiced compared with voiceless fricatives, for a supraglottal 
constriction of a given duration. Furthermore, in Stevens et al.’s model the duration 
of frication in a voiceless fricative is not precisely coterminous with the period of 
closest supraglottal constriction. Due to the high intra-oral air pressure frication may 
start before the constriction is fully achieved.

Both these factors may result, for a given constriction, in longer voiceless frication 
preceded by a shorter measured vowel interval, and shorter voiced frication and 
longer measured vowel interval, since the end of the vowel was defined as the start 
of frication. This is not to say that there is no difference in the duration of the 
constrictions, only that the duration of frication may not be the same as the duration 
of the constriction. However, Stevens et al. found that there was little difference in 
the duration of the supraglottal constriction of /s/ and /z/, as deduced from 
measurements of FI transitions. Analysis of FI transitions in the present data would 
be of interest in ascertaining whether there is a difference in constriction duration.

^ (calculated from the mean of the eight speakers’ mean values in Table 3.8.3a (word list context) 
and Table 3.8.3b (sentence context))
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The difference in stop duration, however, cannot be explained in such terms. The 
measurement of stops was, as far as could be ascertained, coterminous with the 
constriction: the end was taken at the stop burst, and the start was taken at the point 
at which a full constriction altered the acoustic output of the vocal tract (at least in 
the majority of cases where there appeared to be some voicing continuing into the 
closure), although this criterion was not without its practical problems (section 3.3 
above). This may therefore have been a more conservative measure (giving a shorter 
consonant duration) for voiceless stops than for voiceless fricatives.

To summarise, the durational difference found in Russian was of a similar degree to 
that found in other languages. Furthermore, the degree of the voicing effect was 
found to be subject to the factors of context and manner of articulation which have 
also been found to affect the voicing difference in other languages.

Vowel duration

Vowel duration before both stops and fricatives was significantly affected by 
consonantal voicing, the difference being in the expected direction. There was, 
however, a significant interaction with context in the case of vowels before stops, 
the difference in msec before [+voice] and [-voice] stops being reduced in the 
sentence context. This was the case even when the utterance position was kept 
constant.

The speaking context has been found to affect the size of the voicing effect in other 
languages also, as outlined in Chapter 2 above. The difference has been found to be 
smaller in non-phrase final than phrase final position in English (Cooper and Danly, 
1981; Luce and Charles-Luce, 1985) and in French (Laeufer, 1992) and in 
unfocussed rather than focussed position in English and French (Laeufer, 1992). 
None of these comparisons is exactly the same as that in the present study, where 
sentence-final position is being compared to words in isolation; and it is difficult to 
compare between studies because of the inter-study variation: House and Fairbanks 
(1953), for example, report a difference of 78 msec (a ratio of 1.45) in vowel 
duration for words in isolation, whereas in House (1961) the difference is 140 msec 
(1.82). However, in all the above studies, where contexts have been compared, it is 
the context where overall the vowel duration is shorter which shows the smaller 
voicing effect. This is the case in the present study also, where overall vowel 
duration was significantly shorter in the sentence than in the word list context, 
before both stops and fricatives. The difference in voicing effect depending on 
context might not be as great as in the study by Laeufer, however, where the effect
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was smaller in terms of the ratio of [+voice] to [-voice] as well as absolute duration. 
This was not as clearly the case in Russian.

In English two further factors have been found to affect the size of the voicing 
effect: inherent vowel duration and manner of articulation of the following 
consonant. The effect is smaller for inherently short vowels and smaller before stops 
than fricatives (Peterson and Lehiste, 1960). The latter factor has also been found in 
French (Belasco, 1953; Laeufer, 1992). Belasco, for example, found a difference in 

the duration of /e/ before Ixj and /d/ of 110 msec, and one before /s/ and /z/ of 140

msec. In the present study there was some evidence that the difference may be 
greater before fricatives than before stops: for example, in the word list context the 
difference in the duration of loi was 26.28 msec before fricatives compared to 21.49 
msec before stops. However, further analysis is required of a greater number of 
comparable tokens to test this difference. If it does hold, it may be at least partially 
explained by aspects of the production of fricatives, as discussed above, with the 
later onset of frication in the case of a voiced fricative leading to a longer preceding 
vowel duration.

The effect of inherent vowel duration, although significant, was unclear overall. The 
vowels which had overall a longer duration showed a larger voicing effect before 
stops: /u/ was significantly shorter than loi, and also showed a significantly smaller 
effect of voicing. Before fricatives, however, the pattern was not so clear: the size of 
the voicing effect (greatest for /e/, smaller for loi, smaller still for /a/) decreasing in 
the opposite direction to the overall duration of the vowels in the study (/a/ longer 
than loi, which was longer than /e/). This may have been at least partly due to 
utterance position in the sentence context, but this does not explain the behaviour in 
word list context.

However, in English the difference between inherently long and short vowels is 
much greater than the differences found between the small number of Russian 
vowels examined here. For example, Peterson and Lehiste report a duration for /i:/ 

of 240 msec and for III of 180 msec. In comparison, the difference in the present

study between /a/ and loi before a voiceless fricative in the word list context, for 
example, was 12 msec and between loi and /e/ 9 msec. Because these differences are 
small, although significant, one might not expect any differences in the voicing 
effect to exactly match the order of overall duration. Furthermore, Luce and 
Charles-Luce (1985) found also that a smaller overall duration was not necessarily 
matched by a smaller voicing effect: thus /a/ was found to be longer overall than /i:/
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(179 msec compared to 149 msec), but the difference before [+voice] and [-voice] 
stops was greater in the case of /i:/ than /a/ (6 6  msec compared to 55 msec).

The evidence is mixed, therefore, as to whether the voicing effect on vowel duration 
is subject to the same factors as in English in the same way, with the shorter 
segments showing the smaller voicing effect. The speaking context appears to be 
one such factor; further work is needed to establish whether the manner of 
articulation of the following consonant is another. Inherent vowel duration may be a 
third factor, as vowels before stops showed this behaviour. Differences between 
overall vowel duration were too small, however, to establish this: research using a 
wider variety of vowels with inherent vowel duration established would help to 
clarify this.

Although the same factors may influence the voicing effect in the same way, it was 
expected that the size of the effect would be less in Russian than in English, where 
the vowel duration differences are well known to be larger than in other languages 
(Chapter 2). However, comparison is made difficult because of factors such as those 
discussed above, as well as the effect of word position.

The ratio of vowel duration before [+voice] obstruents to that before their [-voice] 
counterparts found here (1.15 for velar stops, 1.18 for dental stops, and 1.16 for 
alveolar fricatives, in the word-list context) is less than that found before word-final 
consonants in words produced in isolation by House and Fairbanks (1953) and 
House (1961), as well as less than the very large differences found by Denes (1955), 
Soli (1982) and Raphael (1975) (section 2.1 above). However, the voicing effect has 
been found to be less before intervocalic than word final stops (Klatt, 1973; Port, 
1981), and when a comparison is made with intervocalic consonants, as analysed in 
this study, the ratios are closer: Klatt found a ratio (of voiced to voiceless 
consonants) of 1.27, Port reports a ratio of 1.14 for bilabial stops. However, the 
tokens in English were produced in sentence-medial context, which, as discussed 
above, has been found to reduce the voicing effect.

Neither group of studies is thus an exact comparison, but taking into account the 
expected effect of the sentence-medial context, one can cautiously conclude that the 
voicing effect on vowel duration is less in Russian than in English.

Chen (1970) shows a large difference in the vowel duration effect in English and 
Russian, but his results are based on a recording by one speaker of unstressed and 
stressed vowels before both intervocalic and word-final consonants, although there 
is neutralisation in the latter position. When the results for stressed vowels before
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intervocalic obstruents are isolated, the 16 msec difference in /a/ before /p/ and /b/ (a 
ratio of 1.09) is similar to the present study; but he found a larger difference for /a/ 

before fricatives: 51 msec before the s/z and J/3  pairs (a ratio of 1.34-5). The figures

consist of six repetitions of one word pair produced by one speaker, however, and 
thus comparison is subject to possible inter-speaker variation.

The difference here is also smaller in terms of absolute duration, than that found in 
French, in words also produced in isolation, by Mack (1982) and Chen (1970), who 
found a 49 msec and 53 msec difference respectively (which represented ratios of 
1.37 and 1.15). It is also smaller in both absolute and percentage terms, than that 
found by Laeufer (1992) for vowels before word-final consonants in sentence-final 
position: 53 msec (a ratio of 1.34) before stops and 77 msec (1.53) before fricatives. 
Overall durations were also greater in the French study, at least before stops 
(154-207 msec in French compared to the range of mean values of 115-158 msec 
found here), which Laeufer puts forward as an explanation for apparent differences 
between English and French. But even when the overall duration is shorter in 
French, in sentence-medial position, the difference is still greater than in Russian:
38 msec (a ratio of 1.28) before stops in French (compared to 14-21 msec,
1.12-1.16, here), 48 msec (1.42) before fricatives (compared to 20-30 msec,
1.13-1.22, here).

The differences found in the present study were also slightly smaller than the values 
reported for German by Kohler and Kiinzel (1978), who found a 41 msec (1.27) 
difference in /i/ before /t/ and /d/ and a greater difference (73 msec, a ratio of 1.52) 
before velar stops. Van Dommelen (1982), who reports overall vowel durations 
which are shorter than the Kohler and Kiinzel study, still reports a large voicing 
effect (64 msec, a ratio of 1.66).

In other languages, however, differences have been found which are similar to that 
found here: for example, mean values of 21 msec (1.24) for /i/ before /t/ and /d/ in 
Dutch (van Dommelen, op. cit.), 18 msec (1.17) for vowels in Spanish (Zimmerman 
and Sapon, 1958), 28 msec (1.31) found in Korean (Chen, 1970), 25msec (1.16) 
before plain stops in Hindi (Maddieson and Candour, 1976), and 13 msec (1.22) (at 
neutral speaking tempo) in Arabic found by Port, Al-Ani and Maeda (1980). It is 
slightly smaller than the 33 msec (1.22) reported for Norwegian by Fintoft (1961), 
but slightly larger than the 10 msec (1.13) found in Japanese (Port et al, op. cit.).

In conclusion, vowel duration differences found here are of a similar magnitude to 
those found in many other languages, but, as far as can be ascertained from cross
study comparisons, less than that in English, French and German. Thus whether or
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not English has exploited a physiological effect as a linguistic rule (Zimmerman and 
Sapon, 1958; Chen, 1970; Mack, 1982), it can be concluded that Russian behaves in 
a similar way to many languages other than English in showing a small voicing 
effect on vowel duration.

Vowel + Consonant sequence

In the case of stops, the total Vowel + Consonant sequence held an approximately 
constant duration, whether the stop was [+voice] or [-voice]. This is parallel to the 
case in Dutch (Slis, 1970; van Dommelen, 1982) and French (Wajskop, 1979; 
Laeufer, 1992,1996). Languages such as English and German, where a 
phonological rule of vowel lengthening before a [+voice] stop has been posited, may 
behave differently in this respect (Laeufer, 1996; van Dommelen, 1982), although, 
as noted above in section 2.1  above, a constant duration has been claimed for 
English also (Port, 1981).

In the case of fricatives, however, there was a 37 msec difference between the V+C 
sequences. As with stops the two temporal intervals of vowel and consonant are 
inversely related: long vowel + short [+voice] consonant, short vowel and long 
[-voice] consonant. In this sense the Vowel + Consonant forms a timing unit within 
which there is a tendency towards constant duration. In the case of fricatives, 
however, it is a tendency only, as there is a greater effect of voicing on the duration 
of the fricative compared to the vowel (taking the duration of the frication noise as 
the consonant duration). A “macrostructural invariance” within this timing unit 
(Port, Al-Ani and Maeda, 1980: 236) might hold in Russian for stops but not for 
fricatives.

It might be argued that an intervocalic consonant is in the onset position of the 
following syllable rather than in the previous rhyme (Kozhevnikov and Chistovich, 
1965), and the vowel and consonant sequence is therefore not in fact a timing unit. 
However, the voicing of the consonant has been found to affect the duration of the 
preceding vowel even where there is a strong argument in favour of the consonant 
being in onset position. Davis and van Summers (1989) found vowel lengthening to 
occur before an aspirated (and therefore in their model syllable-initial) stop. This 
data supports the view that lengthening can occur across syllable boundaries (for 
example, Maddieson, 1985), although timing effects may be greater where the two 
elements are in fact tautosyllabic. The latter was found by Laeufer (1992) in a 
comparison of resyllabified and non-resyllabified sequences in French (for example, 
ba.ga v .̂ bag. a). In the present data in Russian the syllabic position of the 
intervocalic stops and fricatives are the same. Thus even if there might have been a
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greater effect on the vowel in other syllabic structures, this would not explain the 
difference between the two manners of articulation.

The fact that temporal compensation does not hold for fricatives except as a 
tendency puts into doubt the conclusion that it applies to Vowel + Stop sequences. 
Rather than proposing a model where macrostructural invariance applies to stops but 
not to fricatives, a simpler interpretation of the results would be that the similar 
duration of Vowel + Stop sequences, whether the stop is [+voice] or [-voice], is 
merely a fortuitous result of the smaller effect of voicing on stops than on fricatives. 
Moreover, if the Vowel + Stop sequences were to include stop burst duration also, 
as did van Dommelen’s measurements of Dutch and German, this could lead to a 
non-constant V+C duration for stops also, since [-voice] stop bursts are likety to be 
longer.

Given that the effect of voicing on fricative duration has been found to be similar in 
degree in languages other than Russian, as discussed above, this disparity between 
Vowel + Stop and Vowel + Fricative sequences is likely to be found in other 
languages also. This undermines Laeufer’s conclusion that Vowel + Consonant 
dyads across languages are of a constant duration, with the vowel lengthening rule 
before [+voice] obstruents in English disrupting this universal tendency (Laeufer, 
1996, discussed in section 2.1.4 above). The difference between dyads containing 
[+voice] and [-voice] fricatives in Russian was very similar to that found for word- 
final fricatives in English by Laeufer (1992). Such disruption, therefore, is likely to 
apply whenever fricatives are examined, and a model where temporal compensation 
is equivalence of duration rather than just a tendency towards this cannot be 
maintained.

3.10.2 The contrast in word-final position

As discussed in Chapter 2, the textbook account of the voicing contrast in Russian 
states that there is no contrast in word-final position, with both underlying [+voice] 
and [-voice] obstruents being both voiceless and identical.

The results presented in section 3.9 showed that there was a significant difference at 
the 5% level firstly between the duration of underlying [+voice] and [-voice] 
obstruents and, secondly, between the duration of the voicing during the [+voice] 
and [-voice] obstruents. The differences found here were both in the expected 
direction, unlike the case of consonant duration in Catalan (Dinnsen and Charles- 
Luce, 1984). They also reflect differences found in intervocalic position, unlike the 
case of vowel duration in Polish which differentiated underlying [+voice] and
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[-voice] obstruents in word-final position (Slowiaczek and Dinnsen) but which was 
found not to distinguish them in intervocalic position (Keating, 1980).

However, the differences are very small. To take consonantal voicing differences 
first, the difference was 0.2 -  2.6 msec between the group means. This difference is 
smaller than the 5 msec difference reported for German (Mitleb, 1981; Port, Mitleb 
and O’Dell, 1981; O’Dell and Port, 1983; Port and O’Dell, 1985), and the 13 msec 
difference reported for bilabial stops only in Polish (Slowiaczek and Dinnsen,
1985). It is, however, comparable to the significant 1 msec difference (4%) reported 
for bilabial and velar stops in Catalan (Charles-Luce and Dinnsen, 1987).

However, there were only three speakers who showed a difference in all three 

groups of consonants (t/d, k/g, s/z) (speakers 11,17 and 19)^. Even in the case of

these speakers, the difference is not present in all word pairs. Over all word pairs 
from all eight speakers, only just over a half (57%) of the pairs showed a longer 
duration of voicing during the underlying [4-voice] consonant.

The duration of voicing therefore does not distinguish [4-voice] obstruents from their 
[-voice] counterparts consistently either across speakers or within a particular 
speaker’s production. Since the difference in durations was significant only at the 
5% level, the results are far from conclusive and difficult to interpret. The majority 
of the differences between the means entered into the statistical analyses (Tables 
3.9.6c and 3.9.7) are in the positive direction (i.e. greater for [4-voice] 
consonants): 13 of the 16 comparisons. However, the differences between the mean 
duration of voicing during these two categories of consonant are extremely small: 
obviously much smaller than any interval which could have a communicative 
function. No speaker consistently produces a difference across all word pairs; and 
no consonant pairs are consistently distinguished by all speakers.

One of the two differences over 5 msec, the difference of 8 .6  msec for stops 
produced by Speaker 11, consists in part of the one case of a fully voiced stop in the 
data. This speaker did not produce a consistent difference in consonantal voicing 
across stops and fricatives. In the case of fricatives produced by Speaker 18, where 
the difference between the means was 7.2 msec, all fricative pairs showed a 
difference in this direction (although not all stop pairs did). It is possible that this 
speaker consistently distinguishes [4-voice] and [-voice] fricatives, only, by

^ The k/g distinction includes, in the case of speaker 11 only, one case of a fully voiced stop, 
possibly the result of orthographic pronunciation.
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consonantal voicing. The number of pairs (five) was low, however: a larger amount 
of data would be needed to conclude this with certainty.

The results therefore show grounds (at the 5% level of certainty) for rejecting the 
null hypothesis that there is no significant difference in consonantal voicing between 
underlying [+voice] and [-voice] consonants in word-final position. They do not, 
however, give very strong support for the alternative hypothesis, that there is a 
significant difference between these two groups of consonant.

When the duration of the [+voice] and [-voice] obstruents is considered, the 5% 
significance level in the analyses of variance provide weak support for the 
alternative hypothesis that underlying [+voice] and [-voice] consonants are 
distinguished by the duration of the stop closure or the frication. However, as was 
the case for consonantal voicing, the difference was extremely small and not 
consistently maintained across all word-pairs for any speaker. The proportion of 
word pairs showing a difference in this direction is only 61%. Some speakers did, 
however, show a greater difference in the case of one or more consonant pairs: for 
example. Speaker 18 produced a 20 msec difference between /s/ and /z/, and 
Speaker 19 a 13 msec difference between /t/ and /d/ (and a 10 msec difference 

between Ikl and /g/). The difference in the case of these two speakers is similar to

that of 13 msec found for one subject in Polish (Slowiaczek and Dinnsen, 1985). 
Since all word pairs within these categories (fricatives for Speaker 18, stops for 
Speaker 19) showed a difference in this direction, it is possible that these two 
speakers distinguish underlying [+voice] and [-voice] in a subset of consonants. 
There is not, however, sufficient data within these two particular subcategories to 
establish this for certain.

Interspeaker variation has been found in previous studies in Polish (Slowiaczek and 
Dinnsen, op. cit.) and Catalan (Dinnsen and Charles-Luce, 1984), where individual 
speakers employed different parameters to maintain a contrast. In the present study, 
however, no individual speaker was consistent across all categories of consonant in 
using any one parameter to distinguish [+voice] and [-voice].

Although consonant duration in both word-final and intervocalic position was 
significantly affected by manner, there was no interaction between manner and 
voicing in word-final position whereas there was in intervocalic position. The word-
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final [+voice] fricatives appear not to be produced as their intervocalic counterparts, 
with laryngeal and supralaryngeal configurations to produce a substantial period of 
voicing with a short period of low amplitude frication. They instead appear to be 
produced much as the [-voice] fricatives, with a longer period of voiceless and 
relatively high amplitude frication. Figure 3.10.a shows an Lx waveform in a word- 
final underlying /z/ (produced by Speaker 4) which is similar to that in a word-final 
/s/ (Figure 3.10.b). A comparison of the amplitude of the frication during word-final 
[+voice] and [-voice] fricatives, and also of [-voice] intervocalic fricatives, would 
clarify whether they are consistently similar.

Because the differences found were small and not consistently produced by 
speakers, it is difficult to assess whether the consonant duration differences which 
were found were independent of the presence or absence of voicing. Speaker 18 
produced underlying [+voice] fricatives which had both a smaller mean duration 
than underlying [-voice] fricatives and which had a greater mean duration of 
voicing, although the duration of voicing was very short: all fricatives of both 
categories were basically voiceless intervals. In the case of Speaker 19, however, 
there was a difference in the mean closure durations of underlying [-f-voice] and 
[-voice] stops but no consistent difference in closure voicing duration. It is possible 
that in this case closure duration is independent of the production of vocal fold 
vibration. Since there is insufficient data to establish for certain that this particular 
speaker is consistently using closure duration to maintain a contrast, it is not 
possible to conclude this for certain, however.

There was no significant effect of preceding vowel duration in this study, although 
the mean durational differences before t/d, k/g and s/z are in this direction. This was 
the parameter which was most commonly found to be relevant in previous studies: 
for example, in German (Mitleb, 1981; Charles-Luce, 1985; Port and O’Dell, 1985), 
Polish and Catalan (Charles-Luce, 1993). Furthermore, Chen found vowel duration 
in Russian to be longer before underlying [+voice] than [-voice] obstruents, whether 
word-final or intervocalic. For example, he found a difference in the duration of /u/ 

(in /luk/ and /lug/) of 36 msec, and in that of loi (in fkoXJ and /god/) of 57 msec. The

disparity between these and the present results may be due to the fact that in Chen’s 
study the speaker repeated the two members of the word pairs in sequence, thus 
possibly leading to an enhanced difference between the pairs, or possibly to 
orthographic pronunciation (Fourakis and Iverson, 1984; Jassem and Richter, 1989).
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Alternatively, since the results are from a single speaker, the results may indicate 
inter-speaker variation.

It may still be argued that in the present study the small differences which were 
found resulted from orthographic pronunciation. The results are measurements of 
utterances produced in read word lists, which is obviously an extremely non-natural 
context. Such contexts may well result in orthographic pronunciations or otherwise 
encourage the speaker to produce a distinction in the recording environment when 
they would not in a more natural speaking environment. The word list used in the 
present study was designed to hide as far as possible the object of the study (sections
3.4.1.1 and 3.5 above), so as to avoid the possibility that the speakers would 
consciously produce a distinction between the word pairs. However, it remains the 
case that the task is highly artificial.

There are two slightly different issues here. One is the unnaturalness of such 
experimental conditions, where differences found may be absent in spoken 
discourse produced in normal conditions (for example, not in the phonetics 
laboratory). This is true not only of studies of final devoicing, but of any other 
phenomenon where the production of a citation form spoken in controlled 
conditions, for example with tempo, utterance position and phonetic environment 
controlled, may not be identical to the production of the same target form in 
spontaneous discourse.

The small temporal differences found between final [-voice] and devoiced 
underlying [+voice] consonants in some studies may well not be found in other 
studies which have used more natural recording contexts (for example, Jassem and 
Richter (1989) with regard to Polish). One possible explanation is that positive 
results reflect hypercorrectness arising from the orthography. An alternative 
conclusion may be that a real temporal difference may be masked in a less 
controlled environment by other temporal variables. If this is the case in some word 
positions with regard to the relatively large vowel duration differences before 
intervocalic obstruents in English (Crystal and House, 1988c), it would not be 
surprising if this should also be the case with the small differences found in studies 
of final devoicing.

Concerning the present study, it would be of interest to investigate whether the 
small differences found in the word-list context were also found in a more natural
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discourse^^ This was not carried out in the present study as there was no clear 
evidence of a consistent effect even in the less natural context. In view of the fact 
that the difference in intervocalic obstruents was significantly less in the read 
sentences than the word list (section 3.8), it would be predicted that the differences 
in the word-final forms would not be found in less controlled conditions.

The other issue is the specific problem of orthographic pronunciation, where, it is 
argued (for example, Fourakis and Iverson, 1984), using the written form of the 
word to prompt the speaker leads to a production which reflects orthographic but not 
necessarily linguistic distinctions. This is a particular problem with a phonological 
process such as final devoicing, where the underlying form of the word is in most 
languages, including Russian, represented in the spelling.

Perhaps the only satisfactory solution to this problem is to study a language in 
which the underlying forms are not represented in the spelling, as is the case in, for 
example, Catalan (Dinnsen and Charles-Luce, 1984). An alternative procedure 
would be to use a temporally controlled task which does not prompt the speaker 
with the written form, such as the verb conjugation exercises used by Fourakis and 
Iverson with regard to German. In the present study, as noted above, additional 
material was recorded, in more natural contexts including a non-reading task, in 
case the word-list productions showed a distinction made by speakers on the basis of 
the orthography. The results do not, however, suggest an obvious use of 
orthographic pronunciation: as noted above, there was one case only of a [+voice] 
obstruent being fully voiced. Since orthographic pronunciation cannot be ruled out 
completely as a possible conclusion, an alternative non-reading task may produce 
different results. However, the results from the word-list reading task itself do not 
suggest a consistent distinction being made, at least by temporal characteristics, 
between underlying [-voice] and [4-voice] consonants in word-final position.

The results presented here give only weak support to the hypothesis that the value 
for [4-/-voice] of the word-final obstruent has an effect on the duration of voicing 
and of the consonant itself. There are grounds for rejecting the null hypothesis, but 
the results are not sufficiently large or consistent to justify claiming with certainty 
that the contrast in word-final position is not neutralised. Perceptual studies, as that 
carried out by Port and Crawford (1989) and Slowiaczek and Szymanska (1989)

The recorded database contains 14 word pairs in sentence-final position, and also conversation 
eliciting these word pairs (section 3,5 above).
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would be of interest in ascertaining whether such a difference as has been found can 
be used by listeners to distinguish underlying [+voice] and [-voice].

3.10.3 The V+C sequence and final lengthening in the word

Comparison of the temporal structure of the V + C sequence when the consonant is 
intervocalic and when it is word-final indicated that in Russian, as in English, a final 
lengthening effect applies to obstruents but, unlike English, not to vowels (3.9.4 
above). A comparison of degree is obviously made complex by the fact that in 
Russian the difference between intervocalic and word-final positions is a result not 
just of positional lengthening but also of neutralisation. It is in principle impossible 
to verify what the duration of consonants which underwent neutralisation alone 
would be: the same as intervocalic [-voice] obstruents, or their [4-voice] 
counterparts, or neither. If it were assumed, however, that neutralisation would not 
have a lengthening effect on underlying [-voice] obstruents, it can be concluded that 
at least the difference in duration between intervocalic [-voice] obstruents and their 
word-final counterparts in word-final position is due to a factor or factors other than 
neutralisation, the most obvious candidate here being the effect of the position in the 
word. In this study it would thus be of the order of 23 msec (23%) for /t/, 17 msec 
(18%) for /k/, similar to the 20 msec reported by Oiler (1973) for /b/ in English, and 
possibly slightly greater than the 7-13 msec found for /p/ and /b/ by Port (1981).

The present results show that fricatives in Russian also undergo a lengthening effect, 
and, furthermore, that the degree to which they lengthened appears to be greater 
than was the case with stops^: /s/ lengthening by 57 msec (38%).

In order to separate the effects of neutralisation and positional lengthening, it would 
be interesting to study the duration of sonorants, which do not undergo 
neutralisation. It would not be possible to assume, however, that final lengthening 
had exactly the same degree of effect on all consonants, as the comparison of stops 
and fricatives has shown.

The duration of the preceding vowel does not appear to be greatly affected by word 
position, the neutralised value being in between the durations found for vowels 
preceding intervocalic [4-voice] and [-voice] obstruents. As with obstruent duration, 
it is theoretically impossible to separate effects of neutralisation and positional 
lengthening. However, even if it were assumed that the small increase in the vowel 
duration before word-final [-voice] obstruents compared to that before their
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intervocalic counterparts was due to positional lengthening alone, and not 
neutralisation towards the longer values before [+voice] obstruents, the increase is 
still very small: 9 msec.

This is contrary to the position in English, where a substantial final lengthening 
effect on vowel duration has been found (Klatt, 1973; Oiler, 1973; Port, 1981). For 
example, Klatt (1973) found vowels before intervocalic [-voice] consonants to be 
only 73% of the duration of vowels before word-final [-voice] consonants. In the 
present study the comparable figure before IXJ is 94%. The degree of difference 
varies between and within studies, however: Port found /i/ before intervocalic /b/ to 
be 77% of its duration before word-final /b/ (a difference of 34 msec), but in the 
case of intervocalic and word-final /p/ the figure was 89% (only 12 msec). Oiler 
found the lengthening effect on vowels to be greater than that on consonants: an 
increase of approximately 100  msec.

A final lengthening effect on vowels has been found in Korean, also (Cho and 
Keating, 2001). Such an effect is not universal, however: for example, Fischer- 
J0 rgensen (1964) found that in Danish vowels before word-final stops were on 
average 18 msec shorter than before intervocalic stops, although the word-final 
stops, as those in English, were longer (by on average 39 msec).

The interaction between neutralisation and positional lengthening effects on vowels 
in Russian could again be investigated by the examination of vowel duration before 
intervocalic and word-final sonorants. If no substantial positional lengthening effect 
was found in this environment either, it could be concluded that vowels in Russian, 
unlike those in English, are not subject to this particular effect.

If, however, a lengthening effect were to be found greater than the 9 msec found 
here, it would then seem that neutralisation has a shortening effect not only on 
vowels before underlying [-f-voice] obstruents, as might be expected, but on the 
already short vowels before underlying [-voice] obstruents. Such an effect, although 
not predicted, cannot be discounted at this stage.

Further study of sonorants would therefore help to clarify the effect on vowel 
duration of not only final lengthening but also neutralisation. At present, however, it 
can be concluded from these results that there is a minimal effect of word position 
on vowel duration in Russian.

Although these differences were not statistically tested.
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150100 200 250 300 350 400 450 500 550 600

........

Figure 3.10.a. A token of /baz/ produced by speaker 4.

1 5 0 , 2 0 0 , 2 5 0 , 3 0 0 , 3 5 0 , 4 0 0 4 5 0 , 5 0 0 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0
l u l l l l l l l i l l i l l l l l l J I l J i u l l l l l . l i l l l l l l l J l iU J I l J l l l i l l U l l l l l l i l l i I i i lJ j l .L l . l l l l l i l l i l l l l l i l l i l i l l l l l l l l i l l l l l l l m i l

Figure B.lO.b. A token of /bas/ produced by speaker 4.
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Chapter 4: Perception of the voicing contrast in Russian

4.1 THE AIMS OF THE PERCEPTUAL EXPERIMENTS

The analysis of the production of intervocalic obstruents has shown that the duration 
of the consonant and of the preceding vowel are relevant in differentiating in 
production pairs of voiced and voiceless consonants in this position in Russian. The 
two principal issues addressed in this chapter is whether these two parameters are of 
corresponding perceptual relevance, and how they interact with the cue of closure 
voicing.

As has been discussed in Chapter 2 (section 2.2), in English, French, Dutch and 
German the parameters of consonant and preceding vowel duration, which vary 
according to consonantal voicing in production, can be used as perceptual cues to 
the voicing contrast. It is therefore possible that these two parameters function as 
cues in Russian also. However, as discussed in section 3.10 above, the consonantal 
voicing effect on preceding vowel duration was found to be small in Russian: it is 
possible that such differences as exist in production, although significant, are not 
sufficiently great to function as perceptual cues (as suggested by Chen, 1970). The 
series of experiments described in this chapter were designed to test whether the 
differences in consonant and vowel duration found in production could be used as 
cues. The two parameters are investigated independently of one another (as in, for 
example, van Dommelen, 1983): the issue of the consonant/vowel ratio as a cue is 
discussed in section 4.8.

How these two parameters interact with consonantal voicing is an essential part of 
the investigation. It might be expected that full closure voicing would be a sufficient 
cue itself, overriding consonant and vowel duration. It has been found to be a 
sufficient cue to a [+voice] percept in English (Lisker, 1978a, b; Port, 1979; 
Raphael, 1981) and French (van Dommelen, 1993), overriding all other cues when 
added to a [-voice] stop. How much closure voicing might be sufficient in Russian 
is uncertain, however. There is variation in other studies as to how much closure 
voicing is required to have an effect on responses. Kohler (1979) found in German 
voicing had to fill more than 50% of the closure, and be greater than 50 msec, to 
have an effect on responses. In English, however, Raphael (1981) found that the 
addition of just a small duration (11 msec) of voicing to a voiceless closure has been 
found to significantly increase [+voice] judgments, although Lisker (1978b) found
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voicing had to fill more than 50% of a closure to elicit a changeover in percept from 
an original [-voice] to a [+voice] stop.

Consonantal voicing filling a large part or all of a stop closure may be a sufficient 
cue to a stop. This investigation aims to answer the question also of whether it is a 
necessary cue to a [+voice] percept in Russian. There is variation between studies in 
other languages as to whether closure voicing is a necessary cue. For example, in 
English Lisker (1978a, b) found that a [+voice] stop with no closure voicing was not 
perceived as [+voice], indicating that voicing is a necessary cue. Hillenbrand et al. 
(1984), however, found that closure voicing was not necessary for a [+voice] 
percept. Similarly in French, [+voice] percepts have been achieved with no closure 
voicing (Wajskop and Sweerts, 1973; Cazals and Palis, 1991), although van 
Dommelen (1983) found that the presence of voicing, amongst other cues, was 
necessary for a [+voice] percept.

The series of experiments have thus been designed to investigate the strength of the 
voicing cue and its interaction with the duration of the consonant and of the vowel. 
The aim is to give as clear an answer as possible to the following interlinked 
questions: does the duration of the consonant function as a cue to the contrast 
between [+voice] and [-voice] in Russian; does the duration of the preceding vowel 
do so also; is the presence of closure voicing a cue to a [+voice] percept which is 
sufficiently strong to override all other cues, including consonant and vowel 
duration; is it a necessary cue to such a percept or can the cues of consonant or 
vowel duration override voicelessness to cue a [+voice] percept. It is thereby hoped 
to establish whether the three parameters of consonant duration, preceding vowel 
duration and closure voicing can function as cues, and how they interact with each 
other.

The following section (4.2) gives an outline of the design of the experiment. The 
experiments used stimuli which were generated from recorded tokens rather than 
synthesised: the procedures used for generating these stimuli are described in 
section 4.3, together with full details of each stimuli used. The hypotheses and 
possible outcomes of the experiments are discussed in section 4.4. A pilot test was 
carried out to ascertain whether the series of stimuli generated would yield results, 
and also to check the procedures for running the experiments. Four native Russian 
speakers on a short stay in England were the subjects for this pilot test, which is 
reported on in section 4.5. Subsequent amendments to the stimuli and the procedure 
for the principal experiment are described in section 4.6. The principal experiment
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was carried out in Moscow using subjects at the Maurice Thorez First State 
Pedagogical Institute for Foreign Languages in June 1989. The results from this 
experiment are reported in section 4.7 and discussed in section 4.8.
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4.2 THE DESIGN OF THE EXPERIMENT

The stimuli used in the perception experiment were naturally produced tokens which 
were edited to alter the temporal intervals being investigated. A two alternative 
forced choice identification task was presented to native Russian subjects, who had 
to label each stimulus as one of two words which formed a minimal pair: one word 
containing an intervocalic voiced phoneme, the other a voiceless phoneme.

The original tokens which formed the basis of the stimuli were taken from the 
recordings made in Moscow which were subsequently digitised (section 3.6). The 
waveform was then altered using a screen editor, which enabled the user to cut out 
or edit in sections of waveform and thus manipulate the temporal intervals of the 
signal. In the case of stop closures, this allowed the duration of the hold phase and 
the duration of the closure voicing to be increased or decreased independently of 
one another.^

This method, however, did not allow the filtering out of frication or of voicing from 
a section of voiced frication (or for frication to be added to a section of voicing). 
Since the experimental design, outlined below, required the duration of the 
consonant and the duration of the voicing to be changed independently of one 
another, the words which were chosen to form the basis of the stimuli contained an 
intervocalic stop rather than fricative.

A pair of words were chosen to be the basis of these stimuli. The minimal pair 
chosen was:

/rota/ [’rota] military company (NOM SG)

/roda/ [’rods] sort, kind (GEN SG)

A minimal pair was chosen since the task was a two alternative forced choice task, 
with the choice being between two real, not nonsense, words. For reasons outlined 
in this section below stimuli were generated from both words.

This particular pair of words had the advantage of being relatively easy to segment 
consistently, compared to the other minimal pair in the recordings analysed in

by adding in a section of silence or of voicing (thereby lengthening the consonant), by editing out a 
section of the consonant (and thereby shortening it), or by replacing a section of voicing with silence
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Chapter 3 (/luga/ [’lugs] (meadow, GEN SG) and /luka/ ['luko] (onion, GEN SG)).

Although articulatory movements are obviously gradual, the measurement of the 
temporal intervals being investigated here relies on the identification of a point at 
which there is a complete closure, which can be defined as the boundary between 
the two segments, vowel and following stop consonant. As clear and unambiguous 
an indication of this boundary as possible was desirable for the editing procedure. In 

the case of /luga/ and /luka/, the acoustic signal did not provide as clear an

indication of this boundary as was the case for /rota/ and /roda/^. For reasons also 
discussed below in this section a pair of recorded tokens of these words were taken 
from two different speakers: a token each of /rota/ and of /roda/ from speaker LL 
and speaker EK.

Overall the design of the experiment involved the alteration of the duration of three 
intervals, the stop closure, the preceding vowel and the closure voicing in each of 
the two tokens, /roda/ and /rota/. To take /roda/ first, a stimulus was created with the 
original short closure lengthened to a duration appropriate for a /t/ (to 113.15 msec, 
which approximated the duration of the /t/ in the token of /rota/ used here from the 
same speaker). All other intervals, together with the burst and transition 
information, remained as in the original. Another stimulus was created with the 
vowel altered but all other characteristics of the signal being retained as in the 
original /roda/ token, the vowel being shortened to the length of the loi in the token 
of /rota/ used (144.20 msec).

Thus there were three stimuli at this stage: the original token of /roda/ with original 
consonant and vowel durations, a second with lengthened consonant (but original 
vowel), and a third with shortened vowel (and original consonant) (Figure 4.2.a). 
However, if comparisons are made between stimulus 1 and stimulus 2, to assess the 
effect of increased consonant duration, or between stimulus 1 and stimulus 3 to 
assess the effect of decreased vowel duration, it was expected that very little effect 
on responses would be seen. This was because of the considerable degree of closure 
voicing: it was predicted, from results of studies discussed above^, that a fully 
voiced closure would be perceived as a /d/, whatever changes were made to other 
parameters.

(thereby not altering the consonant duration). Full details of the editing procedure are given in 
section 4.3 below.

The acoustic characteristics of the segments in the sequence close back rounded vowel + velar stop 
were not as distinct as those in the sequence half open back rounded vowel + dental stop, 

sections 2.2 and 4.1
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Therefore, in order to neutralise the cue of closure voicing, from each of these three 
base stimuli a series of stimuli were created. The closure voicing was cut out in 
steps, ending with a stimulus with almost no voicing. Thus from the original token a 
series of stimuli were generated with decreasing duration of voicing: the first 
stimulus had the original 65.00 msec voicing; the next 48.45 msec, and the next 
three 32.20 msec, 16.45 msec and 1.35 msec. All other intervals, including the total 
closure duration, were kept as in the original. This series is referred to as /roda/ 
Series 1. The closure interval of the stimuli in this series is shown in Figure 4.3.f-j.

From stimulus 2 in Figure 4.2.a the duration of closure voicing was also altered in 
steps, producing a series here also of stimuli with closure voicing varying gradually 
from filling all the closure to (almost) 0 msec. This series is referred to as /roda/ 
Series 2. From stimulus 3, with shortened vowel but consonant of original /d/ 
length, a series of stimuli (/roda/ Series 3) was made with closure voicing being cut 
out in steps as for Series 1.

Comparisons between responses for Series 1 and Series 3 stimuli with the same 
duration of closure voicing would indicate whether the decreased vowel duration 
had an effect on responses. Such an effect might occur when the closure was 
voiceless as for a /t/, fully voiced as for a /d/, or where the duration of closure 
voicing is at a value between the two. It was considered necessary to have a closure 
voicing continuum along which to compare the responses, not just to have one 
stimulus with all voicing cut out: it was possible not only that full closure voicing 
would cue a /d/, whatever changes were made to consonant and vowel duration, but 
also that the complete absence of voicing would be sufficient to cue a /t/, whether 
consonant or vowel durations were changed or not. In English, for example, Lisker 
(1978b) found editing out the voicing of a naturally produced /b/ led to /p/ 
judgments for stop closures of 100 msec or longer. Such a result is not certain in 
Russian: for example. Revoile et al. (1982) found that in English the absence of 
voicing did not prevent identification of an original [+voice] stop as [+voice]. 
However, since it was a possibility the experiment was designed to allow for it.

A similar comparison would be made between the labelling functions of Series 2 
stimuli (with lengthened consonant closure) and those to Series 1 stimuli, in order to 
ascertain whether the increased consonant duration had an effect on responses, and 
if so at what values of closure voicing^.

The issue of the proportion of the closure which is voiced, which affects the comparison of these 
two sets of stimuli, is discussed in section 4.7 below.
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In addition, response patterns to Series 1, with closure voicing only altered, would 
indicate whether the absence of voicing alone is a sufficient cue to a /t/ in Russian. 
The possible response patterns and the conclusions to be drawn are discussed more 
fully below in section 4.4. The first part of Table 4.2.2 summarises the changes 
made to the /roda/ token, and Table 4.2.3a shows the duration of voicing in each 
stimulus of the three series in this set of stimuli.

It was considered necessary not only to generate a set of stimuli from a token of 
/roda/, as described, but to generate a set also from a token of /rota/. There were two 
reasons for this. Firstly, in order to establish unambiguously whether closure voicing 
was a sufficient cue to a [+voice] percept, as outlined in the aims above (section 
4.1), it was necessary to introduce closure voicing into a token where no other cues 
to a [+voice] consonant were present. Secondly, since the stimuli were naturally 
produced tokens which had been subsequently edited, the signal would still contain 
many cues to the original consonant, such as, possibly, the spectral cues of burst 
amplitude and formant transitions found to be present and perceptible in other 
languages (Chapter 1). It was possible that one or more of these would override the 
changes made to the token containing a [+voice] consonant (Revoile et ah). In 
French also, the amplitude of a stop burst has been found to be a very strong cue to a 
[-voice] percept (Wajskop and Sweerts, 1973; van Donunelen, 1983). It is of course 
possible that there would be a cue or cues in both /roda/ and /rota/ tokens 
unambiguously cueing the original consonant. However, inclusion of both /d/ and /t/ 
in the experiment decreases the likelihood of all parameters manipulated here being 
overridden.

The editing of /rota/ was similar to that of /roda/ outlined above. There was one 
series of stimuli (referred to below as /rota/ Series 1), where closure voicing was 
added in in steps to the /t/ closure. In a second (/rota/ Series 2) the stop closure was 
shortened to the duration of /d/ in /roda/ (80.75 msec), together with voicing being 
gradually added. In the third (/rota/ Series 3) the preceding vowel was lengthened to
165.00 msec, and closure voicing was added in steps to the original (long) 
consonant as in the first series (Figure 4.2.b).
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The second part of Table 4.2.2, together with Table 4.2.3b, gives the temporal 
structure of the three series of stimuli in this set of /rota/ stimuli^. Comparison of 
Series 1 with Series 2, and of Series 1 with Series 3, will indicate whether a change 
in consonant duration and vowel duration respectively affected the listeners’ 
perception of the consonant as [+voice] or [-voice].

This editing procedure was repeated for another token each of /roda/ and /rota/ 
recorded by a different speaker (speaker EK). Since in the experiment naturally 
produced tokens were used as stimuli, cues in the signal other than those tested here 
were not controlled. As discussed above (2.2.1), between-token variation is 
expected in the perceptual strength of a particular cue relative to other cues which 
may lead to different responses from listeners to similar stimuli made from different 
tokens (Lisker, 1978a). Variation in the results obtained in apparently similar 
experiments may in part be explained by variation in the strength of other cues in 
the stimuli.

Since one of the principal aims of this perceptual study was to establish as clearly as 
possible whether the consonant and vowel durational differences found in 
production could be used as perceptual cues in Russian, it was decided to run the 
experiment using two sets of stimuli: one from speaker LL, which has been 
described above (and which is referred to below as Set 1 stimuli), and a second set 
from speaker EK (Set 2 stimuli). If one (or more) of the parameters tested have no 
effect in one set, it may be the case that they are being overridden by a cue or cues 
present in the signal. An absence of effect in both sets will give a clearer indication 
that they are not relevant in Russian.

The original tokens of /roda/ and /rota/ for both sets are given in Figure 4.3.a-d. One 
obvious difference between the two sets is the presence or absence of voicing during 
the burst of /d/. In the /d/ in Set 1 voicing continued throughout the hold phase of 
the stop and the burst. This was typical for this speaker and for most of the other 
seven speakers recorded (section 3.7 above). In the /d/ spoken by EK (Set 2), 
consonantal voicing ceased before the burst, a pattern produced frequently by this 
speaker. As described below (4.3.2.1), the cycle of voicing during which the burst

In this chapter, stimuli generated from an original token of /rota/ will be referred to as /rota/ 
stimuli, those generated from a token of /roda/ will be referred to as /roda/ stimuli, regardless of the 
responses given to the stimuli concerned.
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occurred was not edited out in the stimuli (this was impossible with the editing 
method used here).

Another clear difference between the Set 1 and 2 tokens is in the case of the /rota/ 
tokens: the hold phase of the /t/ in Set 2 was produced with voicing continuing, 
albeit at a low amplitude, through a large part of it (Figure 4.3.d). This was typical 
for this speaker (3.7 above) but was not present in the token of /rota/ produced by 
speaker LL. The results may indicate whether listeners’ responses are affected by 
such production differences.

The structure of the /roda/ and /rota/ stimuli in Set 2 was similar to that in Set 1 and 
are described in full in the following section (4.3). There were thus four sets of 
stimuli: Set 1 /roda/ stimuli (from an original token of /roda/ spoken by LL), Set 1 
/rota/ stimuli (from an original token of /rota/ spoken by LL), Set 2 /roda/ stimuli 
(from an original token of /roda/ spoken by EK), and Set 2 /rota/ stimuli (from an 
original token of /rota/ spoken by EK). In each of these four sets there were three 
series of stimuli: one series (referred to in each case as Series 1 stimuli) where 
consonant and vowel durations were unaltered from the original, a second (Series 2 
stimuli) where the consonant duration (but not that of the vowel) was altered, and a 
third (Series 3) where vowel duration (but not that of the consonant) was altered.

Table 4.2.1 provides an outline of the temporal details of the four original unedited 
tokens. Table 4.2.2 gives the consonant and vowel durations of all the stimuli, and 
Tables 4.2.3a-d give the duration of voicing during the closure of these stimuli^. 
The following section describes the editing procedures for each series.

The original /rota/ token in Set 2 contained 46.10 msec voicing. In the main experiment, this was 
cut back to (nearly) 0 msec, to create a series of eight stimuli (Series 1 and 3; Series 2, with the 
shortened consonant, consisted of six). In the pilot study (4.5 below) this was not done, the original 
duration of voicing being the end of the continuum. Thus each of these three series in this set 
consisted of three stimuli fewer in the pilot study, the shortest duration of closure voicing being 
46.10 msec. This is discussed below in sections 4.3, 4.5 and 4.6.
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Tables 4.2.1-3 Details of the temporal structure of the perceptual stimuli 

Table 4.2.1 The original tokens

S e tl Set 2

C V voicing C V voicing

/roda/ 65.00 167.80 65.00 80.75 164.85 68.20

/rota/ 112.95 145.45 5.60 114.15 143.60 46.10

difference -47.95 +22.35 +59.40 -33.40 +21.25 +22.10

Table 4.2.2 Summary of the perceptual stimuli 

V and C durations (msec)

Se t I
/roda/ stimuli
Series 1 original V 

original
167.80
65.00

5

Series 2 original V 
lengthened C

167.80
113.15

8

Series 3 shortened V 
original C

144.20
65.00

5

/rota/ stimuli

Series 1 original V 
original C

145.45
112.95

8

Series 2 original V 
shortened C

145.45
65.00

5

Series 3 lengthened V 
original C

169.00
112.95

8

number of closure voicing 
stimuli (msec)

1.35-65.00 

1.40-113.15

1.35-65.00

5.60-103.40

5.60-62.00

5.60-103.40

^ The label ‘original C’ is being used to denote only the original duration of the consonant.
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Table 4.2.2 contd. 

S e t  2
/roda/ stimuli
Series 1 original V 164.85 5 9.10-68.20

original C 80.75
Series 2 original V 164.85 7 9.10-103.90

lengthened C 116.45
Series 3 shortened V 142.55 5 9.10-68.20

original C 80.75

/rota/ stimuli
Series 1 original V 143.60 8 0.90-109.90

original C 114.15
Series 2 original V 143.60 6 0.90-75.25

shortened C 80.75
Series 3 lengthened V 165.00 8 0.90-109.90

original C 114.15

Table 4.2.3a-d Duration of voicing during the closure of the perceptual stimul

Table 4.2.3a roda Set 1 stimuli

C = 65.00 msec C = 113.15 msec

stimulus closure closure stimulus closure closure
code voicing voicing code voicing voicing

(msec) quotient (%) (msec) quotient

1.5 1.35 2.08 2.8 1.40 1.24

1.4 16.45 25.31 2.7 16.45 14.54

1.3 32.20 49.54 2.6 32.15 28.41

1.2 48.45 74.54 2.5 48.25 42.64

1.1 65.00 100.00 2.4 64.70 57.18

2.3 80.80 71.41

2.2 96.85 85.59

2.1 113.15 100.00
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Table 4.2.3b rota Set 1 stimuli

C = 112.95 msec C = 65.00 msec

stimulus closure closure stimulus closure closure
code voicing

(msec)
voicing 
quotient (%)

code voicing
(msec)

voicing 
quotient (%)

1.1 5.60 4.96 2.1 5.60 8.62

1.2 16.50 14.61 2.2 16.50 25.38

1.3 32.50 28.77 2.3 32.50 50.00

1.4 47.80 42.32 2.4 47.80 73.54

1.5 62.00 54.89 2.5 62.00 95.38

1.6 75.80 67.11

1.7 89.60 79.33

1.8 103.40 91.54

Table 4.2.3c roda Set 2 stimuli

C = 80.75 msec C = 116.45 msec

stimulus closure closure stimulus closure closure
code voicing

(msec)
voicing 
quotient (%)

code voicing
(msec)

voicing 
quotient (%)

1.5 9.10 11.27 2.7 9.10 7.81

1.4 23.75 29.41 2.6 23.75 20.40

1.3 38.65 47.86 2.5 38.65 33.19

1.2 53.30 66.01 2.4 53.30 45.77

1.1 68.20 84.46 2.3 68.20 58.57

2.2 88.60 

2.1 103.90

76.08

89.22
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Table 4.2.3d rota Set 2 stimuli 

C = 114.15 msec C = 80.75 msec

stimulus
code

1.00'w

closure
voicing
(msec)

0.90

closure 
voicing 
quotient (%)

0.79

stimulus
code

2.00

closure
voicing
(msec)

0.90

closure
voicing
quotient

1.11

1.04 17.90 15.68 2.04 17.90 22.17

1.07 31.70 27.77 2.07 31.70 35.26

1.1 46.10 40.39 2.1 46.10 57.09

1.2 60.25 52.78 2.2 60.25 74.61

1.3 75.25 65.92 2.3 75.25 93.19

1.4 90.10 78.93

1.5 109.90 96.28

Stimuli with 0.90-31,70 msec closure voicing were included in the principal but not the pilot 
study.
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Series 1 -

Series 2 -

Series 3 -

V

V c

V c
1 1 1

100 200 300

Figure 4.2.a: Vowel and consonant durations of the three series of /roda/ Set 1 
stimuli: Series 1, with original vowel and consonant durations; Series 2, with 
lengthened consonant; and Series 3, with shortened vowel.

Series 1 -

Series 2 -

Series 3 -

V

V

V c
1 1 1

100 200 300

Figure 4.2.b: Vowel and consonant durations of the three series of /rota/ Set 1 
stimuli: Series 1, with original vowel and consonant durations; Series 2, with 
shortened consonant; and Series 3, with lengthened vowel.
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4.3 DESCRIPTION OF THE PERCEPTUAL STIMULI

This section gives details of the choice of the tokens used as the basis of the 
perceptual stimuli and of the editing procedure used to generate the stimuli. The 
changes to one of the sets of stimuli made after the pilot study are described here in
4.3.2.3 and discussed further in section 4.6.

4.3.1 The original tokens of /roda/ and /rota/

The temporal structure of the original tokens used has been presented in Table 4.2.1 
above. The consonant durations were within 10 msec of the mean for that 
speaker'®*. For speaker LL (Set 1), the mean duration of /d/ was 72.4 msec, of IXJ
109.7 msec. For speaker EK (Set 2), the mean duration of /d/ was 74.6 msec, of /t/
110.8 msec. The mean across all eight speakers analysed (Table 3.8.1) was 67.8 
msec for /d/ and 99.5 msec for /t/ (a difference of 31.7 msec).

The vowel duration in the Set 1 stimuli were close to the average for that speaker in 
that word (which was 161.1 msec for /roda/ and 140.4 msec for /rota/), although 
slightly longer than the average duration of loi before all [+voice] stops (156.5 
msec) and all [-voice] stops (133.2 msec) for that speaker. The difference between 
the two vowels chosen for the perception experiment (22.35 msec) was similar to 
the differences between the mean values (of loi before [+voice] and [-voice] stops) 
both for this speaker (23.3 msec) and across all eight speakers (21.49 msec).

In the case of the Set 2 stimuli, the duration of loi in the tokens used here was close 
to the average of loi for this speaker before [+voice] stops (170.1 msec) and [-voice] 
stops (146.8 msec).

In all four tokens there was a decrease in the fundamental frequency over the two 
vowels, as follows: in Set 1

/roda/: start of [o]: 249Hz end of [o]: 198Hz

/rota/: start of [o]: 244Hz end of [o]: 198Hz

and in Set 2

/roda/: start of [o]: 234Hz end of [o]: 206Hz

/rota/: start of [o]: 246Hz end of [o]: 214Hz.
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Differences between the /rota/ and /roda/ tokens, either in Fo or other aspects of 
production, such as overall amplitude, may enable the listeners to distinguish stimuli 
with /rota/ from those with /roda/ as the original. This was not considered as 
detrimental to the study, however, as the primary comparisons being made are 
between stimuli edited from a particular token, as described in sections 4.2 and 4.4.

4.3.2 Editing the stimuli

The editing was carried out on the Masscomp computer using SPED, an editing 
program which allows editing to the accuracy of one data point. As the original 
tokens had been digitised using a sampling rate of 20kHz, this enabled the selection 
of any section of the signal to the accuracy of 0.05 msec. Editing was carried out at 
positive zero crossings, except where indicated.

The four groups of stimuli are described below: /roda/ Set 1 (4.3.2.1), /rota/ Set 1 
(4.S.2.2), /roda/ Set 2 (4.3.2.3), and /rota/ Set 2 (4.3.2.4). The duration of voicing 
during the closure of each of the stimuli created is presented in Table 4.2.3 above.

4.3.2.1 /RODA/ STIMULI SET 1

Alteration o f closure voicing

The 12 cycles of closure voicing were cut back in four steps, three cycles at a time, 
starting with the cycles nearest the end of the closure. The frames cut out were 
replaced by the same number of frames of ‘silence’ from the /t/ closure of the 
original /rota/ token from this speaker: the total closure duration therefore remained 
the same.

The start of this period of ‘silence’ was taken from the end of the one measured 
cycle of voicing in the /t/ closure (Figure 4.3.e). It was felt that this gave a more 
gradual decrease in amplitude of voicing in the resulting stimulus than a section 
with no very low amplitude oscillation, although it is recognised that the amplitude 
envelopes of the closure voicing in the stimuli is in any case unnatural.

The end of the section of voicing cut out was a frame near the positive zero crossing 
at the start of the cycle during which the release burst occurred

in the word-list context (section 3.8 above)
For each stimulus, the exact frame was chosen so that the amplitude of the frame at the end of the 

section of ‘silence’ matched as closely as possible the amplitude of the following frame which
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Figures 4.3.f-j show the intervocalic stop of the five stimuli in this series. 

Lengthening o f the consonant

The stop duration of the original /roda/ was lengthened to approximately the 
duration of the /rota/ token produced by the same speaker.

A stimulus with a lengthened and fully voiced closure was created. It was 
considered necessary to have voicing during the added length so as to have stimuli 
which matched the stimuli above not only in the absolute duration of the closure 
voicing but also in the percentage of the closure which was voiced (section 4.7 
below). In order to create this stimulus, the last cycle of voicing in the original /d/ 
closure was repeated in order to result in a fully voiced closure of 113.15 msec.
Such a continuation at a constant amplitude is of course unnatural, but the voicing

was at an audible amplitude th ro u g h o u t(F ig u re  4.3.k).

The closure voicing of this stimulus was then gradually edited out, being replaced 
with the same duration of silence from the hold phase of the /t/.

Shortening o f the vowel

A section of the steady state vowel was cut out from the original token (a similar 
technique to that used by, for example, Huggins, 1972), selected so as to leave as 
smooth a transition as possible in Fo, amplitude and formant frequencies.

Six cycles, with the total duration of 23.60 msec, were edited out, resulting in a 
vowel duration of 144.20 msec, close to the 145.45 msec of the /rota/ token.

The same editing of the vowel was carried out on all the stimuli in the first series 
described above (the original token with voicing altered). This resulted in a series of 
five stimuli with a shortened vowel and closure voicing gradually cut back.

remained in the stimulus, to avoid any sudden positive or negative jumps in amplitude. The number 
of frames cut out was identical to the number inserted, 

when played out during the editing of the stimulus
The editing technique used here did not allow the alteration of the amplitude of the signal in order 

to decrease the amplitude towards the end of the closure.
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43.2.2 /ROTA/ STIMULI SET 1 

Alteration o f closure voicing

In this series, voicing was gradually added to the closure interval, with the 
equivalent duration of silence being cut out of the hold phase in order to keep the 
duration of the stop the same as in the original token (112.95 msec). The cycles of 
voicing edited in were taken from the closure of the token of /roda/ spoken by this 
subject.

As can be seen from Figure 4.3.b, the /t/ closure as measured included one cycle of 
voicing after the start of the closure Voicing was added immediately before this 
cycle of closure voicing. This does have the disadvantage of possibly interrupting 
the vowel offset (and therefore the possible voicing cues of the FI transition and Fo 
contour) if the boundary between vowel and consonant in fact occurs after rather 
than before the small cycle of voicing. However, the alternative of adding voicing in 
after this small cycle had disadvantages also: a section of voicing from the start or 
middle of the /d/ closure added here created a sudden large increase in the amplitude 
of the waveform peaks. This closure sounded to the author as if it contained a /t/ 
followed by a /d/, and was judged unsatisfactory. A section of voicing consisting of 
low amplitude cycles would avoid the sudden increase in amplitude. However, the 
amplitude of the voicing would be much lower at the start and much of the duration 
of the closure than in natural [+voice] stops from this and all other speakers (section
3.7 above and Figure 4.3.a, for example).

It was judged more satisfactory to add in voicing, of an amplitude found at the start 
of voiced stop closures, before the closure voicing already present. Editing was 
carried out at the negative zero crossings, as this resulted in a smoother amplitude 
decrease than would have been the case had editing been carried out at positive zero 
crossings.

The series of stimuli was created by inserting increasingly long sections of voicing 
(consisting of complete cycles) from the /d/ closure. In the case of four stimuli the 
first of the added cycles was repeated in order to have a sufficient number. This did 
lead, however, to an unnatural amplitude envelope for the resulting closure voicing.

There were some cycles of extremely low amplitude at the end of the one measured cycle of 
voicing in the /t/ closure. These were not included in the measurement of voicing either in the 
production measurements (Chapter 3) or in this experiment.
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Figure 4.3.1 and 4.3.m show two of the stimuli in this series: that with the maximum 
number of naturally occurring cycles of voicing from the /d/ closure (Figure 4.3.1), 
and that with full closure voicing achieved by duplicating the first of these cycles 
(Figure 4.3.m).

Shortening o f the consonant

In order to create stimuli with a shortened consonant closure, a section of silence at 
the end of the closure was cut out. The shortened closure was 65.00 msec, the same 
as that in the /roda/ token and 47.95 msec shorter than the original /t/ closure of 
112.95 msec. To create stimuli with a shortened consonant and added voicing, 
cycles of voicing were added in the same way as in the above series with the 
original consonant duration.

Lengthening o f the vowel

To create stimuli with a lengthened vowel, a section of six cycles (23.55 msec) was 
repeated immediately following the sixth cycle, resulting in a vowel duration of
169.00 msec. The criteria for the repeated section were that the Fo, formant 
frequencies and amplitude of the waveform peaks should be as close as possible at 
the start and end of the section. Editing of the vowel was carried out on copies of the 
stimuli with closure voicing gradually cut out, to create a series of eight stimuli with 
lengthened vowel.

4.3.2.3 /RODA/ STIMULI SET 2

Alteration o f closure voicing

As with the first set of stimuli, the closure voicing was cut out in steps, being 
replaced by a section of ‘silence’ of the same duration, taken from the /t/ closure in 
the /rota/ token from this speaker. Again, the section of ‘silence’ added started not 
with an amplitude of zero but with some cycles of low amplitude to ensure a gradual 
decrease in v o ic in g F ig u re  4.3.n shows the hold phase of the stimulus with all 
original closure voicing edited out.

These two low cycles of voicing had been included in the measurement of closure voicing in the 
production study (Chapter 3): the gradual offset of voicing in this token of /rota/ was typical for this 
speaker, and can be seen also in the closure voicing in the /roda/ stimuli used here. The two cycles 
(totalling 9.10 msec) at the start of the section of ‘silence’ were therefore included in the 
measurement of voicing in all stimuli in 4.3.2.3 where they had been edited in: i.e. all stimuli which
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Lengthening of the consonant

As in the equivalent Set 1 stimuli (4.3.2.2), a section of voicing was repeated in 
order to produce a closure duration of approximately the same as the /t/ produced by 
the same speaker. In this set, the section repeated was near the end of the closure 
voicing (the 11th of the 14 cycles) (Figure 4.3.o)^° .̂ The resulting stimulus had a 
stop closure duration of 116.45 msec (compared to 80.75 msec in the original /roda/ 
token), and voicing continued for 103.90 msec of the closure.

Six further stimuli were created for this series with a consonant duration of 116.45 
and voicing gradually cut out and replaced with the same duration of silence from 
the IXJ closure. Figure 4.3.p shows one of these stimuli, with 39msec (33%) of 
closure voicing.

Shortening o f the vowel

The five stimuli in this series were created by cutting out a section of the steady 
state of the vowel. The section cut out consisted of five consecutive cycles, totalling 
22.30 msec; and the resulting vowel duration was 142.55 msec (close to the 143.60 
msec of this speaker’s token of /rota/ used here).

The closure voicing was as in the first series of the Set 2 /roda/ stimuli described at 
the start of this section (4.3.2.3).

4.3.2.4 /ROTA/ STIMULI SET 2

Alteration o f closure voicing

Closure voicing taken from the /d/ closure of the /roda/ token from this speaker was 
added to the /t/ closure.

In this token of /rota/, as was typical for this speaker, there was a considerable 
amount of voicing into the closure (46.10 msec). The added cycles of voicing from

the /d/ closure were edited in at a point midway^”®’ Figures 4.3.q and 4.3.r show

did not contain the original offset of closure voicing. The original offset included cycles at a similar 
amplitude to these two cycles (Figure 4.3.c).

It was felt that a period of added voicing consisting of the last cycle repeated, as in the equivalent 
Set I stimulus, may have been of too low amplitude to have been consistently audible.

As with the equivalent stimuli in Set 1 (4.3.2.2), insertion of voicing after this naturally occurring 
interval of voicing would have entailed either a sudden increase in amplitude (possibly resulting in a
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the original IXJ closure (4.3.q) and the next one in the series with three cycles of 
voicing added (4.3.r). The first of these added cycles was duplicated in order to 
produce an almost fully voiced hold phase of the same duration as the original /t/
(114.15 msec). A series of five stimuli was created with gradually increasing 
durations of closure voicing.

As a long period of closure voicing during the closure of a [-voice] obstruent 
appeared typical for this speaker (Chapter 3), it was considered at first that there was 
no justification for cutting out the voicing present in the original /t/. In the pilot 
study (section 4.5 below) only the five stimuli described above were included.

Following the analysis of the results of the pilot test, additional stimuli were created 
in this series (and in the two series described below with altered consonant or vowel 
duration) by cutting out this original voicing"^. Three additional stimuli in each 
series were created, with a closure voicing of 0.90, 17.90 and 31.70 msec. These 
stimuli were included in the principal study.

Shortening o f the consonant

In order to reduce the length of the original /t/ closure, a section of silence (totalling 
33.40 msec) was cut out from near the end of the closure, resulting in a consonant of 
80.75 msec (the same as the /d/ in the /roda/ token). Voicing was then added to this 
shortened closure in the same way as in the first series described above. Two stimuli 
were created, the last with a fully voiced closure. In the principal study, the original 
voicing present was also cut out, to give three additional stimuli. Table 4.2.3d gives 
the duration of voicing in all the stimuli presented in the principal study.

Lengthening o f the vowel

In the original token of /rota/ a section of five cycles of the steady state vowel was 
duplicated. This gave a vowel duration of 165.00 msec, close to that found in the 
/roda/ token (164.85 msec). Again the Fo, formant frequencies and amplitude 
envelope were as constant as possible at the start and end of the section.

/t + d/ percept), or the continuation of voicing at an amplitude possibly too low to be consistently 
audible.

The section was edited in at the negative zero crossings in order to avoid a sudden change in the 
amplitude envelope.

and replacing it by the same number of frames of silence.
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The same editing procedure was carried out on all the stimuli with closure voicing 
altered, in order to give a series of stimuli with lengthened vowel and gradually 
increasing closure voicing duration.
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0, lothr=0,hithr=0
[r

i
=ucl-5j618,f i l ter=

Figure 4.3.a. Original token of /roda/ for Set 1 stimuli.

) 0 . 0 , l o t h r = 0 , h i t h r  
[ r

1 l e = u c 5 6 1 8 ,filter= 2 4 .0 1

400, 450 500. 550, 600, 650, 71

Lx

Figure 4.3.b. Original token of /rota/ for Set 1 stimuli.
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25Ô lâÔÔ l35Ô

lothr=0,

: l - 5 6 1 8 , f  ilter= =

Figure 4.3.C. Original token o f /roda/ for Set 2 stimuli.

ir=0,hithr=0

j 6 1 8 , f 1 iter=

Figure 4,3.d. Original token of /rota/ for Set 2 stimuli.
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|350 , 360 , 370 , 1 3 8 0 , 390 , 400 , 410 , 42 0 , 4 30 , 440 ,
i i i l i i i i l i i i i l i i i i l i i i i l i i i i l i i i i l i i i i l i i i i l i i i i l i i i i i i i i i l i i i i l i i i i l i i i i l i i i im i i l i i i i l i i i i l i i i i l i i i  

1  g ( f r e q = 2 0 0 0 0 . 0 , 1 o t h r » 0 , h  i  t h r « 0 , s a v e s t a r t - 3 . 0 )

Start

Figure 4.3.e. Start of silent gap added Figure 4.3.f-j. /d/ (Set 1) with voicing 
gradually cut out: five stimuli.

Figure 4.3.g. Figure 4.3.h.

Figure 4.3.i. Figure 4.3.J.
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Figure 4.3.k. Fully voiced lengthened /d/ (Set 1)

Figure 4.3.1. !\J (Set 1) with 42 msec 
closure voicing added.

Figure 4.3.m. /t/ (Set 1) with 98 msec 
closure voicing added.

Figure 4.3.n. Idl (Set 2) with all original closure voicing cut out.
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Figure 4.3.0. /d/ (Set 2) with lengthened Figure 4.3.p. /d/ (Set 2) with
closure and 95 msec voicing added. lengthened closure and 30 msec

voicing added.

Figure 4.3.q. !\J (Set 2) with the original Figure 4.3.r. /t/ (Set 2) with 14 msec 
closure. closure voicing added.

255



4.4 POSSIBLE OUTCOMES

The first hypothesis was that the two unaltered tokens of /roda/ would be perceived 
as containing a /d/, and that those of /rota/ would be perceived as containing a /t/.

4.4.1 Closure voicing altered

In the case of /roda/ stimuli, it was hypothesised that cutting out all the closure 
voicing would lead to some /t/ responses. Whether the response was 100% IXJ would 
depend on the relative strengths of, on one hand, the absence of voicing as a cue to a 
Ixj and, on the other, all other (temporal and spectral) cues to a /d/ which are in the 
token.

The alternative outcome is that cutting out all voicing has no effect on the level of 
/d/ responses. This would indicate that closure voicing was not a necessary cue to a 
/d/, at least in the case of the tokens used here. Differences between the response 
functions to the two /roda/ tokens would indicate that there is a token-dependent cue 
or cues present.

In the case of /rota/ stimuli, it was hypothesised that the addition of closure voicing 
would lead to some /d/ responses, as previous work suggests the presence of voicing 
to be a strong cue to a [+voice] percept, at least in English, French, Dutch and 
Swedish (2.2 above). If the presence of voicing results in a 100% /d/ response, this 
cue would be overriding all other cues to a /t/ in the signal. Whether and at what 
point a crossover between a [-voice] and [+voice] percept occurs would depend on 
the strength of the voicing cue compared to others in the signal with which it is in 
conflict.

A 100% /t/ response to all stimuli in this series would indicate that the presence of 
closure voicing is insufficient to override all other cues to a /t/ in the original tokens. 
However, given the strength of closure voicing as a cue to a [4-voice] consonant in 
other languages, it would not be expected that a fully voiced closure would be 
perceived as a /t/.

4.4.2 Vowel duration altered

A comparison is being made between, on the one hand, stimuli with closure voicing 
altered but the original vowel duration maintained, and, on the other, stimuli with 
the same closure voicing characteristics but with vowel duration altered also. Any
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significant difference in the two labelling functions would indicate the effect of the 
alterations to the vowel.

If vowel duration is used as a cue, then when this is altered a difference is expected 
in the labelling functions in the case of both /rota/ and /roda/ stimuli. In the case of 
/roda/ stimuli the shortened vowel is expected to increase /t/ responses; in the case 
of /rota/ stimuli, the lengthened vowel is expected to increase /d/ responses.

The degree to which changes to the vowel duration affect responses will depend on 
the strength of this cue relative to the closure voicing cue and to other cues still 
present in the original tokens.

In the case of /roda/ stimuli, some possible outcomes are shown in Figures
4.4.a-c"\ Figure 4.4.a indicates that the absence of closure voicing alone is 
sufficient to cue a /t/, but that the shortened vowel has an effect when the closure 
voicing duration is ambiguous. Alternatively, if the absence of voicing alone is not a 
sufficient cue to a /t/ (Figure 4.4.b), the shortened vowel may combine with this cue 
to result in a /t/ percept, possibly having an effect also where closure voicing is at an 
intermediate value.

If vowel duration alone is sufficient to override all other cues to a /d/, including full 
closure voicing, a response curve such as that in Figure 4.4.C would result.
However, given the expected strength of closure voicing as a cue to /d/, it would not 
be expected that a fully voiced stop would be perceived as a /t/ even when preceded 
by an appropriately short vowel.

If no effect of shortened vowel duration is seen at any point on the voicing 
continuum, then either vowel duration is not used as a cue to the voicing contrast in 
Russian, or it is not sufficient to override the remaining cues still present in the 
/roda/ token.

In the case of /rota/ stimuli, if full voicing is sufficient on its own to cue a /d/, 
overriding all other cues to a IXJ in the signal, then the effect of the increased vowel 
length may be seen where the voicing is be ambiguous (Figure 4.4.d).

If the responses to the stimuli with full closure voicing and original (short) vowel 
duration do not reach the 100% Idl level, then a lengthened vowel combining with 
the closure voicing may be sufficient to increase Idl responses to the 100% level.

In the figures in this section (4.4), the closure voicing durations are appropriate to the Set 1 
stimuli. The same hypothesised response curves apply to the Set 2 stimuli.
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and may also increase /d/ responses where there is an intermediate degree of closure 
voicing (both outcomes are shown in Figure 4.4.e).

An alternative possibility is that lengthened vowel duration overrides all other cues 
to a Ixj present in the signal, including the absence of closure voicing (Figure 4.4.f).

If no effect of increased vowel duration is seen, either this is not a perceptual cue in 
Russian, or there is a feature or features in the signal which is overriding the vowel 
duration cue introduced.

4.4.3 Consonant duration altered

Two series of /roda/ stimuli are to be compared: a series with the original consonant 
duration and one with the closure lengthened to a duration appropriate to a /t/. In 
both series closure voicing varied from full to almost 0 msec. The increased 
consonant duration would be expected to increase IXJ responses. This may happen 
only where the duration of voicing is at an intermediate value (Figure 4.4.g), or, if 
the absence of voicing alone is not a sufficient cue, at both intermediate and 0 msec 
values for closure voicing (Figure 4.4.h).

It was not expected that the increased consonant duration would lead to /t/ responses 
when in conflict with the voicing cue: a long fully voiced closure would be unlikely 
to be perceived as a /t/.

In the case of /rota/ stimuli, the shortened closure may lead to more Idl responses 
than to the stimuli with original (long) stop duration. This may happen when the 
closure is fully or partially voiced (Figure 4.4.i). Alternatively, the shortened stop 
cue may override the absence of voicing and result in a Idl response whatever the 
duration of closure voicing (Figure 4.4.j). This has been found in the case of 
intervocalic stops in English (Lisker, 1957; Liberman et al., 1961).

If no difference is found between the response curves for the series with original and 
altered consonant duration, then either consonant duration is not a cue in Russian or 
it is being overridden by a cue or cues present in the naturally produced tokens.

It is possible that the closure voicing cue is interpreted by listeners in terms of the 
proportion of the closure which is voiced, rather than in terms of the absolute 
duration of voicing into the closure. Van Dommelen (1983) puts this forward as a 
possible interpretation of his results in French. If this is the case here, but the 
duration of the closure itself is also being used as a cue, then response curves would
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be obtained which are similar to one or more of those given here, when the closure 
voicing is analysed as a percentage rather than as an absolute duration.

If, however, the relevant cue is the voiced quotient of the closure and not the 
absolute duration of either the voicing or the closure itself, then the resulting 
response curves for the two series would not be significantly different from each 
other, when voicing is analysed as a percentage. This issue is discussed in more 
detail with reference to the results obtained in the principal experiment (section 4.7 
below).
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4.4.a-c Possible responses to /roda/ stimuli with shortened vowel
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4.4.d-f Possible responses to /rota/ stimuli with lengthened vowel
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4.4.g-h Possible responses to /roda/ stimuli with lengthened stop
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4.4.i-j Possible responses to /rota/ stimuli with shortened stop
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4.5 PILOT TEST

A pilot experiment was carried out in England using four native Russian subjects 
who listened to a test set of the stimuli. The experiment was carried out on 9th May 
1989.

The two aims of the pilot test were, firstly, to investigate whether the changes made 
to the tokens were perceived by Russian listeners, and, secondly, to ascertain 
whether there were any problems in the presentation of the stimuli or the design of 
the test which could be amended: for example, the tempo of presentation or the 
method of recording the answers.

4.5.1 Method

4.5.1.1 Re c o r d in g  o f  t h e  st im u l i

The two sets of stimuli from the two speakers were presented separately. In the 
principal experiment there were ten repetitions of each stimulus, but in this pilot 
study there were five only"l The total number of stimuli was 39x5=195 in Set 1 
and 30x5=150 in Set 2. The test took 23 minutes in total.

The digitised stimuli were recorded through the Masscomp D/A onto a TDK SA 
chrome cassette tape, using a Uher CR160 AV tape recorder"^. The signal was 
recorded at the same level onto both left and right channels.

At the start of each of the two sets there was an introduction of ten words recorded 
by the same speaker, all containing an intervocalic [+voice] or [-voice] stop (Table
4.5.1). The tokens were taken from the recording of the same word list as were the 
tokens of /roda/ and /rota/ used for this experiment, and were included to enable the 
listeners to adjust to the speaker's tempo. Each introductory token was presented 
once, in randomised order; and no response was to be made to them by the listeners. 
A similar introductory section was used by Raphael, Dorman and Liberman (1980) 
in their perceptual study of vowel duration.

The stimuli were randomised and were presented in blocks of five. There was a one- 
second gap between each stimulus in a block, and a three-second gap between each

so that both sets of stimuli could be presented at one sitting.
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block. Responses were written on prepared response sheets, where answer boxes 
were arranged in blocks of five (going down the page), with four blocks to a column 
and three columns to a page. The blocks were numbered on the response sheets (but 
not on the tape), so that the listeners could verify that they were in the right place on 
the response sheet. For the same reason, there was a signal on the recording at the 
start of each column (including at the start of the introduction, at the start of the 
stimuli to be responded to, and after each page of the response sheet). At the end of 
each page there was a 30 second gap, and a two minute gap between the two sets of 
stimuli.

4.5.1.2 Subjects a n d  presentation

The four subjects were teachers of English from the Soviet Union on a three-month 
English Language course in the Department of English Language Teaching at the 
Ealing College of Higher Education, They were female, aged between 29 and 37.
All were native Russian speakers. Three had been bom and worked in Moscow; the 
fourth, VG, had been bom and worked in Alma Ata (Kazakhstan). None of the 
subjects when asked reported a hearing loss or hearing disorder.

The experiment was carried out in a quiet although not soundproof room in Ealing 
College. There was no extraneous noise. The recording was played on a Uher 
CR160 AV tape recorder and presented to the subjects binaurally through 
Sennheiser headphones. The tape was played once through; it was not stopped at 
any point nor was any part replayed. Each subject carried out the experiment on 
their own, with the author being present in the same room listening through 
headphones. The playback level was adjusted by the listener to a comfortable level 
during the introductory tokens, and then kept constant during the remainder of that 
set.

Instmctions were given to the subjects, in Russian, to explain the stmcture of the 
presentation. They were told they would hear the words rota and roda, and were 
instmcted to write a ‘t’”'̂  if they heard rota, and a ‘d’ if they heard the word roda. 
They were instmcted not to omit any responses or correct any responses they had 
written.

A shell script program was written to replay the stimuli with specified pauses between each. The 
timing on the recording was subsequently checked.

in Cyrillic
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No problems were encountered with the presentation of the test" .̂

4.5.2 Results

4.5.2.1 /RODA/ Set 1 STIMULI

All four listeners gave 100% /d/ responses to all stimuli. This included stimuli with 
all closure voicing edited out, and a shortened vowel or a lengthened closure.

4.5.2.2 /R O D A / S e t 2 ST IM U L I

Responses are presented in Figure 4.5.a. When vowel and consonant durations 
remained unaltered, three of the four subjects (MG, NZ and VG) gave some /t/ 
responses to the stimulus with most of the closure voicing edited out (9.10 msec 
remaining). Stimuli in this series with more than this degree of closure voicing were 
all heard as Idl.

When consonant duration was increased, there was an increase in /t/ responses from 
the same three subjects. This occurred where there was only a short duration of 
voicing into the closure (9.10 - 23.75 msec).

The fourth subject (SG) gave only Idl responses to all stimuli with the original or 
lengthened consonant duration and closure voicing cut out. Only the alteration of the 
vowel duration, combined with the absence of voicing, elicited a small number of Ixj 
responses.

Subject VG also gave more IXJ responses to those stimuli with a shortened vowel, 
where there was an intermediate duration of closure voicing (24-39 msec). The 
increase was extremely small, however.

In the case of two subjects (MG and NZ) there was no difference in /t/ responses 
when vowel duration was altered, compared to the stimuli with the original vowel 
duration.

4.5.2.3 /R O T A / S e t  1 s t i m u l i

Figure 4.5.b presents the responses to these three series of stimuli.

A fte r the  experim en t the subjects com m ented  tha t there  w as too  long  a  p ause  b e tw een  pages. T his 
w as there fo re  reduced  in the principal experim en t to  a  15 second  gap.
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In the case of all four listeners, there was a crossover from 100% /t/ response to 
100% Idl response, for all three series of stimuli.

Where consonant and vowel durations were as in the original /rota/ token, 48 msec 
of voicing (42% of the closure) was sufficient to result in a 100% Idl response for 
one subject (NZ). In the case of two others it was 62 msec (a quotient of 55%); in 
the case of the fourth (VG) it was 76 msec (67%). The presence of voicing therefore 
overrode all other cues in the signal to cue a Idl, even when no consonant or vowel 
duration changes had been made.

In the case of all listeners, stimuli with a shortened closure which contained 6-17 
msec voicing still received a 100% /t/ response. The consonant duration cue 
introduced was therefore being overridden by the absence of voicing and/or another 
cue or cues to a IXJ in the signal. Where the shorter consonant duration combined 
with full closure voicing to cue a Idl, a 100% Idl response resulted. The effect of the 
consonant duration alone can be seen where there is an intermediate duration of 
voicing"^ where all listeners gave more Idl responses.

When vowel duration was altered, there was a very small difference in the response 
curve compared to that for the original vowel duration. The difference between the 
curves varied between subjects. In the case of subject MG, the stimuli with a 
lengthened vowel received slightly more Idl responses than those with the original 
vowel duration, where there was an intermediate duration of voicing. In the case of 
NZ there was no difference between the two curves. In the case of two subjects, SG 
and VG, the two curves crossed over: stimuli with a lengthened vowel did not 
consistently receive more Idl responses.

A 100% /t/ response was given to stimuli where lengthening of the vowel, as a cue 
to a Idl, was in conflict with absence of voicing: the vowel duration change alone 
was not sufficient to override the absence of voicing and all other cues to /t/ in the 
signal.

4.5.2.4 /ROTA/ S e t  2 st im u l i

The responses are presented in Figure 4.5.c.

In the case of subject VG, a difference also occurred where there was 62 msec voicing, an 
intermediate duration in the case of the longer original consonant, but representing full voicing in the 
case of the shortened stop closure. The issue of voicing as a proportion of the closure is discussed in 
section 4.7 below.
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One listener (SG) unexpectedly gave a less than 100% /t/ response to the original 
/rota/ token. The next stimulus in the series (with 60 msec voicing: 14 msec more 
than the original) received a 100% /d/ response.

In the case of the other three subjects, the response curve for stimuli with original 
consonant and vowel duration reached the 100% /d/ level when more closure 
voicing was added. For two (MG and NZ) a total of 75 msec closure voicing (66% 
of the closure) was sufficient to override all other cues to /t/; for VG it was 90 msec 
(79%).

Where the consonant had been shortened, fewer /t/ responses were given by all 
subjects to stimuli with an intermediate degree of voicing. In the case of subject SG, 
the effect is seen for the stimulus with the shortest duration of voicing: for this 
subject, this voicing duration appears to be ambiguous.

Where the vowel had been lengthened, two subjects (VG and MG) gave the same 
response as to the stimuli with original vowel duration. The other two gave more lil 
responses at an intermediate point on the voicing continuum (albeit only one more): 
a difference in the unexpected direction.

4.5.3 Discussion

Closure voicing

Responses to this pilot test indicate the strength of closure voicing as a cue for a Id/. 
When voicing was added to a /t/, it resulted in a 100% Idl response from all four 
subjects, overriding all other cues to a /t/ in the signal.

Absence of voicing was also a cue to a /t/, although the removal of voicing from a 
/d/ did not result in a 100% /t/ response for two of the four lis ten e rsT h is  
indicates that a voiceless closure is not a sufficiently strong cue to override other 
cues to a /dl in the signal for all listeners, at least in the case of the tokens used here.

The importance of other cues present in the particular tokens used is particularly 
evident here in the case of the two tokens of /roda/: removal of all closure voicing 
from the token used in Set 1 did not lead to any /t/ responses at all (even when the 
consonant or vowel duration was also altered to be appropriate to a /t/). One obvious 
feature in this token which may be affecting the results is the presence of voicing at

/roda/ stimuli in Set 2 only
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the burst (section 4.3 above). The following comments on /roda/ stimuli in this 
section (4.5.3) apply to the Set 2 stimuli only.

Subject SG did not give a 100% Ixj response to the original /rota/ token in Set 2.
This may have been due to the considerable duration of voicing (46.10 msec) into 
the consonant closure, although, as noted above, this was a typical voicing pattern 
for this speaker and was for a large part at a low amplitude. A possible alternative 
explanation is that this listener is sensitive to another cue (or cues) to a /t/ not 
present in this token of /rota/.

The same listener gave very few /t/ responses to /roda/ stimuli (as noted in 4.5.2.2 
above, only two, to the stimulus with shortened vowel and an almost complete 
absence of voicing). It is possible that for this listener the presence of even a small 
duration of voicing (6 msec in the /roda/ stimuli) is a strong cue to a /d/. 
Alternatively, she may be using another cue in the token which is signalling a /d/.

Even if other cues are important to this listener, it is possible that the presence of a 
large duration of closure voicing in the original /rota/ Set 2 token may inhibit IXJ 
responses. This is supported by the fact that for the other three subjects less added 
voicing was necessary to cue a /d/ in this set than in Set 1. For example, for subject 
MG, 56.40 msec of added voicing (62.00 msec in total) resulted in a 100% /d/ 
response to the Set 1 /rota/ stimuli, compared to 29.15 msec of added voicing (75.25 
msec in total) for the Set 2 stimuli It seems therefore that the natural amount of 
voicing in this token may have been at or near the limit for a /t/ percept, at least for 
these four listeners.

The responses to the /rota/ stimuli indicate, further, that individual listeners differ as 
to the duration of closure voicing compatible with a !XJ percept. In Set 1, subjects 
MG and VG gave a /t/ response to the first four stimuli, changing to a /d/ response 
when there was 62 msec voicing, whereas subjects NZ and SG changed to a Idl 
response earlier in the continuum (with 32.5 msec voicing). In Set 2, the same two 
subjects, MG and VG, required a greater duration of voicing to hear a Idl than the 
other two. This indicates that, although there are differences in responses dependent 
on the original token, there are also differences between listeners as to how much 
closure voicing is necessary to perceive a Idl in these stimuli.

with closure and vowel durations unaltered
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Consonant duration

The lengthening of an original Idl closure led to an increase in /t/ responses over one 
or two stimuli, where consonant lengthening was in combination with the near 
complete absence of voicing during the closure (9-24 msec). Not unexpectedly a 
lengthened voiced closure was still heard as a Idl.

The shortening of an original /t/ closure resulted in an increase in Idl responses at an 
intermediate point in the voicing continuum: where the duration of voicing"^ 
appears to be ambiguous in the particular token. As discussed above, the presence of 
a long section of voicing resulted in 100% Idl responses whether the closure was 
shortened or not. Where there was little or no voicing, the shortening of the 
consonant did not lead to a Idl percept: the consonant duration cue to a Idl being 
overridden by the absence of voicing.

Vowel duration

Small differences were apparent between the responses to the series of stimuli with 
altered vowel duration and those to stimuli where the vowel duration remained as in 
the original tokens. These differences appeared where the voicing cue was 
ambiguous or where there was no voicing in the closure. It is not clear from these 
preliminary results, however, whether the subjects were using vowel duration as a 
cue, as the differences found were small and were not consistent across series for a 
particular listener. Inclusion of these stimuli in the principal experiment, giving a 
larger number of listeners, would help to clarify whether the vowel duration 
differences found in production and tested here could be used as a perceptual cue.

4.5.4 Conclusions

Results obtained from this small group of listeners indicate that the manipulations 
carried out on three of the original four tokens had an effect on listeners’ responses. 
A difference between individual listeners was apparent regarding where on the 
voicing continuum the boundary between /t/ and Idl percepts occurred. In both sets 
of /rota/ stimuli, the crossover to a Idl occurred later {i.e. for a greater duration of 
closure voicing) for subjects MG and VG than for the other two subjects.

Stimuli created from the fourth token, /roda/ Set 1, did not elicit any response other 
than /d/, possibly because of the voicing during the stop burst. Since it was not

in terms either of the absolute duration or the proportion of the closure which is voiced.
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possible using this editing technique to edit out this cycle of voicing separately from 
the burst, these series of stimuli were left as they were for the principal experiment, 
to see whether the same results were obtained from a larger set of listeners.

As mentioned above, the original /rota/ token in Set 2 was not given a 100% /t/ 
response, possibly because of the presence of voicing during a considerable part of 
the closure. This makes difficult the comparison of the three response curves in this 
set, since the duration of closure voicing is already ambiguous (for this listener) at 
the start of the voicing continuum. Although this listener (subject SG) gave a near- 
100% lil response, it showed that the perception of this token as /rota/ was at least 
doubtful. Furthermore, this original stimulus was close to the crossover to a Idl for 
the other three subjects. It was considered possible that in the main experiment a 
number of subjects might not give a 100% /t/ response to this original token, and 
that a wider margin before the changeover to a Idl percept was necessary.

Two changes were made to the experiment as a result of this. Firstly, this original 
closure voicing was cut back to create additional stimuli in this series (section
4.3.2.4 above). The aim of this was to provide stimuli which would receive a 100% 
IXJ response from all listeners, so that any effect of the consonant or vowel durations 
which may occur where the voicing duration is ambiguous can be more clearly seen.

Secondly, since a response other than 100% /t/ to an original lil was unexpected, it 
was considered a possibility that such a result might have been caused by an aspect 
of the experimental procedure rather than a characteristic (or characteristics) of the 
token itself. One way in which the experimental procedure itself may affect 
responses is by producing contrast effects between stimuli which may arise from the 
temporal ordering of stimuli. This has been found in particular with regard to the 
perception of vowel quality (for example, Eimas, 1963; Repp and Crowder, 1990).

It was considered necessary to allow for the possibility of similar effects arising 
from the task being carried out in the present experiment. In addition to the main 
test, therefore, a separate labelling test was carried out involving only the four 
original /roda/ and /rota/ tokens'^. Although such a test would not avoid contrast 
effects per se, it was hoped that the responses would provide a check on listeners’ 
responses to these original tokens, and, if similar responses are given in this test as 
in the main experiment, would indicate that a less than 100% correct response was 
due to a characteristic of the token itself rather than the experimental procedure.

Details are given in section 4.6.1 below.

271



The pilot study revealed no major problems concerning the running of the 
experiment. The minor adjustment to the timing of the sections of the experiment is 
mentioned above.
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Table 4.5.1. Vowel, consonant and closure voicing durations (in msec) for the 10 
introductory tokens for the stimuli in Set 1 (Table 4.5.1a) and Set 2 (Table 4.5.1b), 
together with the durations for the tokens used for the stimuli (in bold). All [+voice] 
stops in the introductory tokens were fully voiced.

Table 4.5.1a

token token V voicing

[rods] 159.3 82.0 [rots] 131.8 107.3 10.2

[brodo] 162.9 69.9 [floto] 109.7 123.2 9.5

[grudo] 159.4 70.1 [kruto] 128.4 107.6 28.6

[luga] 121.3 88.5 [luko] 92.4 109.6 15.7

[stroghj] 145.9 84.0 [strokh] 120.1 115.5 10.6

[rods] 167.8 65.0 [rota] 145.5 113.0 5.6

Table 4.5.1b

token V token V voicing

[rods] 177.4 79.8 [rots] 152.6 118.7 36.6

[brods] 177.7 71.6 [flots] 133.5 106.1 41.8

[gruds] 147.8 68.0 [kruts] 127.6 114.7 42.6

[luga] 128.0 85.1 [luka] 11L2 100.4 30.6

[strog'ij] 160.8 71.5 [strok^i] 148.6 106.0 37.4

[roda] 164.9 80.8 [rota] 143.6 114.2 46.1
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Figure 4.5 Results of the pilot test
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Figure 4.5.a Responses to stimuli in the /roda/ Set 2 series
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4.6 PRINCIPAL EXPERIMENT: METHOD

4.6.1 Stimuli

There were two main changes made to the stimuli presented to the subjects in the 
principal experiment which were made as a result of the pilot test (discussed in 
section 4.5.4 above). The first was the addition of stimuli in each of the three series 
of /rota/ Set 2 stimuli (described in section 4.3.2.4 above).

The second was the addition of a short series of stimuli which consisted solely of the 
original unedited tokens. 10 repetitions of each of the four original tokens were 
presented in two sections: the Set 1 /roda/ and /rota/ in the first and the Set 2 /roda/ 
and /rota/ in the second. The repetitions of /roda/ and /rota/ were randomised within 
these two sections. The stimuli were presented as in the main part of the experiment, 
in blocks of five with a gap of 1 second between each stimulus and a gap of 3 
seconds between each block. There was a signal at the start of the Set 1 stimuli and 
another at the start of the Set 2 stimuli. There was a short gap (of 3 seconds) 
between the two sets. This series of natural tokens was played one minute after the 
end of the Set 2 stimuli, and lasted one minute.

In the principal experiment there were 10 repetitions of each stimulus, giving a total 
of 390 in each of the two sets'^\ The two sets were presented separately to listeners. 
Each set was re-randomised, and was preceded by the introduction of the 10 tokens 
used in the pilot study. Each set was recorded onto cassette tape using a Uher 
CR160 AV tape recorder, using the same procedure as for the pilot test (section
4.5.1.1 above). Each subject had a break of at least two hours between the first part 
(Set 1 stimuli) and the second part (Set 2 stimuli and the test of original tokens). 
Otherwise the timing of the presentation remained as in the pilot study. The duration 
of the test was 23 minutes for the first part and 25 minutes for the second.

4.6.2 Presentation

The experiment was carried out at the Maurice Thorez First State Pedagogical 
Institute for Foreign Languages in Moscow in June 1989. 37 Russian listeners were 
subjects. 27 listened to the tape in the Institute, 21 of these individually in a quiet 
room (the Phonetics Laboratory) with headphones, under the continuous supervision

Because of the additional /rota/ stimuli in Set 2, this set now consisted of 39 stimuli as did Set 1.
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of the author (Group 1), and six individually in a quiet room (the Language 
Laboratory) with headphones, but unsupervised (Group 2). The 10 remaining 
subjects (Group 3) listened to the tape unsupervised in their own homes under 
uncontrolled conditions. These subjects listened to the tape individually and were 
given instructions by a member of staff at the Institute.

The tape was played on Russian-made tape recorders in the three conditions 
(Russian-made headphones were used). Instructions were given as in the pilot test, 
and subjects responded with a ‘t’ or ‘d’*̂  on prepared answer sheets as for the pilot 
test.

4.6.3 Subjects

The subjects were all native Russian speakers, aged between 17 and 40 (mean age 
24). Subject details are given in Appendix 4. 18 were female, 19 were male. All 
were resident in Moscow, and the majority had been bom in Moscow. Six had been 
bom elsewhere, but if outside the Russian republic were from Russian families. 
Subject 37 was bilingual in Russian and Tatar. Most of the subjects were students at 
the Institute (12) or laboratory technicians (12, including five of the six in Group 2). 
Group 3 consisted of part-time students of English. Six of the subjects were teachers 
(subjects 6, 13 and 23 teachers of English; subject 27 a teacher of English and 
French). None had any reported hearing loss or disorder.

Three subjects (4, 10 and 16) were among those whose production recordings were 
analysed in Chapter 3. None of these were the speakers whose recordings formed 
the basis of the perceptual stimuli.

4.6.4 Analysis

The responses from each subject for each stimulus were totalled using Basic 
software^^. Illegible answers were discounted from the calculations^^. In total there 
were 29 answers discounted (across 12 listeners and all four stimuli sets). One 
listener (subject 30) omitted the last section of the experiment consisting of natural 
tokens only.

in Cyrillic
written by Martin Barry, University of Manchester. The position of each stimulus on the response 

grid given to the listeners was entered; the responses from each subject were then entered by hand by 
the author (and subsequently checked). The responses given by Subject 1 were also totalled by hand 
in order to check the software.

In these cases, therefore, the percentage of /t/ responses is calculated from 9 (or 8 ) responses 
rather than 1 0 .
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In each case where a 50% level of /t/ response was reached, the 50% crossover point 
on each identification function for each subject was calculated by linear 
interpolation. The response (% /t/) immediately above and that immediately below 
the crossover were taken; from the two co-ordinates of these points, the point on the 
x-axis (in msec voicing) corresponding to a 50% response level was calculated by a 
straight line interpolation.

Analyses of variance were carried out, using SPSS for Windows version 9.0, on 
these points to test the significance of the difference between the three response 
curves for series 1 (closure voicing only altered), series 2 (consonant and closure 
voicing duration altered) and series 3 (vowel and closure voicing duration altered). 
All tests exclude the responses from subject 6, whose response behaviour was quite 
different from other subjects’ (section 4.8.4 below). The analyses are described 
below in detail in the relevant sections.
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4.7 RESULTS OF THE PRINCIPAL PERCEPTION EXPERIMENT

4.7.1 Original /roda/ and /rota/ tokens

It was expected that the unedited tokens would receive a 100% correct response. 
The main reason for conducting the separate test consisting of the unedited tokens 
only was to investigate whether there were substantial problems in identifying the 
token of /rota/ in Set 2, which contained 46.10 msec of closure voicing and which 
had received a less than 100% correct response in the pilot test. Here, it was given 
occasional incorrect responses: a 90% /t/ response by two subjects in the separate 
test (subjects 13 and 15), and a 100% /t/ response by all others. In the main 
experiment these subjects gave a 100% /t/ response to this s t i m u l u s 90% 
responses were given to the unedited /rota/ in the main experiment by 3 other 
subjects (27, 33 and 37). This token did not, therefore, lead to a large number of 
incorrect responses.

In the case of the other three original tokens, in the separate test all three received 
100% correct responses from all listeners, with the exception of subject 6 who gave 
only a 60% /d/ response to the token of /roda/ in Set 2. In the main presentation of 
the stimuli, this subject gave a 90% /d/ response. This subject’s response behaviour 
overall differed from the other subjects, as discussed below.

In the main experiment occasional incorrect responses were given by other listeners 
to the unedited /rota/ in Set 1 (90% /t/ from subject 26, 80% from subject 33) and to 
the /roda/ in Set 2 (10% /t/ response subject 8, 20% IXJ from subject 29). The 
numbers are very small, however, and in none of the cases was the incorrect 
response the start of the changeover in percept.

Only in the case of subject 6, therefore, did this test of original unedited tokens 
reveal problems with correct identification.

4.7.2 /roda/ Set 1 stimuli

There were very few Ixj responses to any of the stimuli in the three series. Figure
4.7.a gives the response functions for the 15 subjects who did not give a 100% /d/ 
response to all stimuli.

although subject 13 gave only a 90% IxJ response to the stimulus with all voicing cut out.
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4.7 .2 .1  VOICING ONLY ALTERED

The overwhelming majority of listeners gave a 100% /d/ response to all stimuli in 
this series. Occasional /t/ responses were given by two subjects (5 and 33) to the 
stimuli with little voicing.

4.T.2.2 Co n so n a n t  d u r a t io n

The series with lengthened closure and voicing cut out received occasional txJ 
responses from some subjects (15 of the 37), mostly where there was little voicing 
(1-16 msec). Three of these (subjects 5, 9 and 20) gave a 50% or more IXJ response 
to the stimulus with a voiceless closure.

4.7.2.3 VOWEL DURATION

Only two listeners gave any /t/ responses at all to stimuli with a shortened vowel: 
subject 19 (20% tXJ to the stimulus with no closure voicing) and subject 33 (10% /t/ 
to the stimulus with 16 msec voicing).

The number of IXJ responses to the three series of stimuli in this set was too small to 
carry out statistical analyses. From the raw results there is evidence that in the case 
of three subjects a voiceless lengthened closure is cueing a /t/, although it is not a 
sufficiently strong cue to completely override another feature or features in the 
original token which are cueing a /d/.

Table 4.7.1 presents the mean of the % /t/ response to each stimulus from the 36 
subjects’̂ , averaged within the three listener groups, for the next three sets of 
stimuli (/roda/ Set 2 and /rota/ Sets 1 and 2).

4.7.3 /roda/ Set 2 stimuli

The response functions for the three series of stimuli in this set are presented in 
Figure 4.7.b for each subject and Figure 4.7.c for each listener group.

As discussed below, all calculations exclude the responses given by subject 6 .
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This set of stimuli was more successful at eliciting /t/ responses, mostly to stimuli 
with little or no voicing. Subject 6 produced a response pattern which was 
substantially different from the behaviour of the other listeners, both in this set and 
in both sets of /rota/ stimuli. His responses are discussed separately and are not 
included in any of the mean values given below in this chapter. Details of the 
statistical analysis are given in section 4.7.3.4 after the presentation of the results for 
each of the three series.

4.7.3.1 VOICING ONLY ALTERED

Eight subjects gave only /d/ responses to all stimuli in this series: one each from 
Groups 1 and 2, and six of the ten subjects in Group 3.

16 of the remaining 28*  ̂gave more than 50% /t/ responses to the stimulus with 
(almost) all closure voicing edited out (9.10 msec remaining). However, a 100% /t/ 
response was given by only five of these. For fewer than half the subjects, therefore, 
was the removal of closure voicing alone sufficient to produce a changeover to a IXJ 
percept. The mean response to this stimulus for the 36 subjects in the three listening 
groups was: Group 1 59.17%; Group 2 66.48%; Group 3 10.22% (Table 4.7.1).

It is evident from the results presented in Figure 4.7.b and Table 4.7.1 that subjects 
in Group 3 in particular gave fewer /t/ responses than the subjects in the other two 
groups both to this series of stimuli and also to series 2 and 3 in this set. For 
example, none of the 10 in Group 3 reached the 50% level when vowel and 
consonant durations remained unaltered (series 1), the majority of them in fact 
giving no /t/ responses at all even when all voicing was edited out. For only two 
subjects in other groups (21 and 15) were no /t/ responses given to this series. The 
factor differentiating the groups was the listening conditions, those for Group 3 
being uncontrolled, the subjects carrying out the task in their own homes. Whether 
this is a possible explanation for the listeners’ behaviour is discussed in the 
following section (4.8).

Subject 6 gave an 80% /t/ response to the stimulus with no closure voicing but, 
unlike all other subjects, did not give a 100% /W response to any stimulus, including 
the original /roda/ token with 68.20 msec voicing (Figure 4.7.b). His responses to 
the test of unedited tokens (4.7.1 above) also show that he did not perceive the 
original /roda/ token as unambiguously containing a /d/.

excluding subject 6
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4.T.3.2 CONSONANT DURATION

When the consonant was lengthened from 80.75 msec to 116.45 msec, all 37 
listeners gave more IXJ responses to one or more of the stimuli than to the equivalent 
stimulus'^ with the original consonant duration*^ (Figure 4.7.b).

For all except subject 6 the difference was manifested over the stimuli with less 
voicing (9-39 msec) rather than the whole continuum: there was a 100% /d/ 
response when the closure voicing duration was 68.20 msec (59% of the closure): 
the same absolute duration of voicing as in the original /roda/ token^^. For many 
listeners, stimuli with less voicing than this were also perceived as /d/ in 100% of 
the presentations (for example, for 16 subjects stimuli with 38.65 msec voicing, for 
11 other subjects stimuli with 53.30 msec voicing).

30 of the 36 subjects gave more than 50% /t/ responses to the stimulus with a 
lengthened (almost) voiceless closure (9 msec voicing): 19 of the 20 in Group 1, all 
6 in Group 2 and 5 of the 10 in Group 3. The combination of voicelessness and a 
lengthened closure was sufficient to produce a /t/ percept for the majority of 
listeners.

The mean response of the 36 listeners in the three listening groups to this stimulus 
was: Group 1 89.00%; Group 2 90.00%; Group 3 56.00%. This represented an 
increase of 29.83%, 23.52% and 45.78% respectively over stimuli with the original 
consonant duration (series 1) (Table 4.7.1 and Figure 4.7.c). A comparison of the 
responses in series 1 and 2 shows that for 25 subjects more lil responses were given 
to the stimulus with the lengthened consonant closure, in 1 case (subject 19) the 
difference was in the unexpected direction, and in the remaining 8 cases there was 
no difference. Five of these eight subjects had already given a 100% /t/ response to 
the stimulus with the original consonant length, so obviously no difference would be 
expected.

In the case of these latter five, and also the subjects who had given a 50-100% /t/ 
response to this stimulus with minimum closure voicing in series 1 the two 
curves (original and lengthened consonant) can be compared where there is an

Stimuli with the same absolute duration of voicing are referred to in this section as equivalent, 
although for three subjects the two curves cross: in the case of subjects 8  and 29, where more /t/ 

responses are unexpectedly given in series 1 when the closure is voiced, and subject 19, where the 
voiceless shortened consonant received one fewer /t/ response than the longer closure.

with the exception of subjects 33 and 36, who, however, gave a 100% /d/ response to the previous 
stimulus with less voicing.
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intermediate duration of voicing. It can be seen from Figure 4.7.b that in each case 
the crossover to a /d/ response is later in the continuum when the consonant is 
longer: i.e. the lengthened consonant required more voicing (in msec) for it to be 
perceived as a /dJ than the consonant of the original length.

In order to assess the significance of the difference between the two response 
functions, a comparison of the 50% crossover points was carried out. This could 
obviously only be done for these 16 subjects who reached the 50% response level 
for both curves, i.e. fewer than half the subjects. Details are given below (section 
4.7.3.4).

Subject 6 gave some !XJ responses to all stimuli with a lengthened consonant. A 60% 
/t/ response was given to the stimulus with a lengthened fully voiced closure. 
Although /d/ responses did increase with an increase in closure voicing, a difference 
between this response curve and that for stimuli with the original shorter stop 
closure was maintained for all closure voicing values (Figure 4.7.b).

Two other subjects (subjects 33 and 35 in Group 3) gave some IXJ responses to 
stimuli with full closure voicing, as well as to some of the stimuli (although not all) 
in the middle range of the voicing continuum. In these two cases, therefore, as well 
as for subject 6, there is a difference between the response curves for the original 
and the lengthened consonant which is manifested, although to a small extent, at 
points throughout the voicing continuum. Occasional /t/ responses are also given to 
stimuli with a long duration of voicing by subjects 29, 17 and 36. In the case of 
subject 29 a similar small number of tXj responses were given to stimuli with almost 
full closure voicing'^^ in the other two series (series 1, with original consonant and 
vowel duration, and series 3, with a shortened vowel).

For these subjects, therefore, and in particular subject 6, the presence of a long 
duration of closure voicing, even filling the closure in some cases, does not 
completely override the longer closure introduced as a cue to a /t/. How these results 
may be interpreted is discussed below (4.8).

4.7.3.3 VOWEL DURATION

The majority of subjects (22) gave a 50% or more /t/ response to the stimulus with 
an almost voiceless closure (9 msec voicing) and shortened preceding vowel. For

subjects 2, 3,4, 5, 7, 9, 10, 11, 13, 14, 20 and 37 in Group 1; subjects 17, 19, 25 and 36 in Group
2
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these subjects, therefore, the combination of these two cues is sufficient to override 
other cues to a /d/ in the token and produce a changeover in percept. The mean /t/ 
response in the three listening groups to this stimulus was: Group 1 73.00%; Group 
2 71.67%; Group 3 24.00% (Table 4.7.1). Again there was a lower 1x1 response from 
Group 3: only two out of the 10 subjects reached the 50% response level.

Four subjects gave no lil responses at all to any of the stimuli in this series, even 
where the shorter vowel combined with a voiceless closure. The responses from the 
same subjects (subjects 18, 30, 32 and 34) to stimuli with a lengthened consonant 
(section 4.7.3.2 above) also did not cross over to a IXJ percept. For these subjects a 
cue (or cues) in the stimuli other than consonant, vowel and closure voicing is 
leading to a /d/ percept.

Subject 6 again showed different behaviour from the majority in that he gave some 
IXJ responses to stimuli with 39 msec or more closure voicing (including 20% to 
stimuli with the greatest degree of voicing).

The average IXJ response to the stimulus with no voicing represented an increase of 
13.83%, 5.19% and 13.78% (for the three groups) over stimuli with the original 
vowel duration (series 1). The majority of subjects (23 of the 36) showed this 
difference (14, 3 and 6 in Groups 1, 2 and 3 respectively).

For all those 16 subjects who had reached a 50% level of IXJ responses to the first 
series with unaltered vowel length, the 50% crossover points for the curve with 
shortened vowel was at a later point in the continuum, i.e. it required more closure 
voicing to produce a /d/ percept when the vowel had been shortened to a length 
appropriate to a following lil.

4.7.3.4 A n a l y s is  o f  V a r ia n c e

Only 16 subjects reached the 50% crossover point on all three curves. Conclusions 
as to the significance of the difference is limited to these listeners, therefore. 
Because this set of subjects was already small, it was not further divided into 
listener groups. The 16 subjects consisted of 12 from Group 1 and 4 from Group 2.

The 50% crossover point (in msec voicing) on the three curves for each of the 16 
subjects was calculated by linear interpolation as described in section 4.6.4 above. 
The mean of the points for the three series is given in Table 4.7.2, and show a

84.5% voicing
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difference of 10.95 msec between series 1 and 2 and a difference of 6.46 msec 
between series 1 and 3.

A one-way repeated measures ANOVA was carried out, with the within-subjects 
factor SERIES. The effect of this factor was highly significant (F(2,30) = 29.734, 
p<0.001), indicating that over these 16 subjects the value of the crossover point was 
highly dependent on the stimulus series.

In addition, a within-subjects contrast test was carried out to test the significance of 
the difference between the three levels (series 1, series 2 and series 3) of the factor 
SERIES. A Simple contrast type was chosen to compare the mean of each of levels 
2 and 3 {i.e. series 2 and 3) with that of the first level (series 1). Both within- 
subjects contrasts were highly significant: Level 2 vs. Level 1, F(l,15) = 47.837, 
p<0.001; Level 3 vs. Level 1, F(1,I5) = 83.996, p<0.001). This indicates that the 
mean crossover point for both series 2 (lengthened consonant) and series 3 
(shortened vowel) was significantly greater than that for series 1, for these 16 
subjects.

4.7.4 /rota/ Set 1 stimuli

The responses to the stimuli in this set are given for each subject in Figure 4.7.d, and 
the mean in each of the groups of listeners in Figure 4.7.e. Analyses of variance 
were carried out for Sets 1 and 2 together, and are described below in section 4.7.6.

4.7.4.1 VOICING ONLY ALTERED

For all except subject 6 the addition of voicing to the /t/ closure led to a crossover to 
a /d/ percept. A 100% /d/ response was given by 33 of the 36 to at least one of the 
stimuli with nearly full (89.60-103.40 msec) closure voicing, the exceptions being 
subjects 4, 33 and 35 (Table 4.7.1). Subject 6 did not give less than a 90% /t/ 
response to all stimuli in this series.

The 50% crossover point on each of the 36 identification functions was calculated 
by linear interpolation as outlined in section 4.6 above. The mean crossover point 
was at 64 msec for listener groups 2 and 3, and at 67 msec for group 1: when the 
closure was 57-59% voiced (Table 4.7.3: Set 1 series 1). This represented 58-61 
msec of voicing added to the original /t/. As can be seen from Figure 4.7.d, the 
crossover point varied between subjects, the overall range being 46-83 msec (46-81 
msec for Group 1, 53-83 msec for Group 2 and 51-83 msec for Group 3).
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4.T .4.2 C o n s o n a n t  d u r a t io n

The combination of shortened consonant and added closure voicing resulted in a 
change to a /d/ percept for all except two listeners: subject 6, who again gave a 90% 
or 100% /t/ response to all stimuli, and subject 35, whose response curve only 
reached 50% for the final stimulus in the continuum (containing a shortened stop 
with 62 msec (95%) voicing). This stimulus was given a 100% /d/ response by 28 of 
the other 35 listeners.

The crossover to a /d/ percept occurred when there was 41-43 msec (63-66%) 
voicing (Table 4.7.3: Set 1 series 2). The range between individual crossovers was 
30-50 msec in Group 1, 39-48 msec in Group 2 and 30-48 msec in Group 3.

When the response functions are compared for this series and that with the longer 
unaltered consonant (4.V.4.2 above), the crossover to a /d/ percept occurs when there 
is a smaller absolute duration of voicing than was the case when the consonant 
duration was unaltered (Table 4.7.3 and Figures 4.7.d and e). This was the case for 
each listener except subject 6. The difference between the mean crossover points 
was 24.22 msec for Group 1, 22.84 msec for Group 2 and 22.75 msec for Group 3.

The shortening of the consonant had no effect when there was no added voicing in 
the closure: this stimulus received a 100% /t/ response from all subjects (even the 
two who gave a less than 100% /t/ response to the original /rota/ token).

4.7.4.3 VOWEL DURATION

In the case of all listeners with the exception again of subject 6 a change to a Idl 
percept occurred when closure voicing was added to stimuli with a lengthened 
vowel. A 100% /d/ response was given by 31 listeners to either the stimulus with
103.4 msec (92%) closure voicing or an earlier stimulus on the continuum.

The mean 50% crossover point was at 62-63 msec (Table 4.7.3), a slightly smaller 
value than that for the stimuli with original vowel length (a difference of 2-A msec 
in the three groups). Individual subjects’ results show that in the case of 22 of the 36 
subjects was there a difference in the expected direction. In 10 cases the difference 
was in the unexpected direction, in four there was no difference. Lengthening the 
vowel therefore did not have a consistent effect across all listeners.
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4.7.5 /rota/ Set 2 stimuli

The responses to the stimuli in this set are given for each subject in Figure 4.7.f, and 
the mean in each of the groups of listeners in Figure 4.7.g.

4.7.5.1 VOICING ONLY ALTERED

The addition of closure voicing resulted in a crossover to a Idl percept for all 
subjects except again for subject 6, who gave no Idl responses at all to any of the 
stimuli in this series. The mean 50% crossover occurred when there was 73-78 
msec (64-68%) of closure voicing, i.e. 27-31 msec of voicing added to the original 
closure (Table 4.7.3). Thus, although the crossover was later in the voicing 
continuum than for the Set 1 stimuli, less voicing had to be added here to change the 
percept. All of the 36 subjects gave a 90% or 100% Idl response to the stimulus with 
most closure voicing (109.9 msec, 96%).

Occasional Idl responses were given to the stop in the original /rota/ token (with 
46.10 msec voicing) and to those with some or all of the original voicing cut out. 
However, these did not exceed one out of the 10 presentations in the case of any one 
subject and therefore did not signal a problem with the perception of this stop as a 
IxJ.

4.7.5.2 CONSONANT DURATION

A crossover to a Idl percept was present in this series of stimuli for the majority of 
listeners, occurring when there was 56-64 msec (69-79%) closure voicing: 12-18 
msec earlier than was the case for the first series. Of the 34 listeners for whom there 
was a change in percept, the response curves show that in all cases the crossover 
occurs when there is a shorter duration of voicing (in absolute terms) than was the 
case when the consonant was at its original length.

Subject 6 again showed a different pattern of behaviour from other listeners, giving 
a 100% /t/ response to all stimuli in this series. For two other subjects (subjects 29 
and 35) the addition of voicing did increase Idl responses but a crossover was not 
achieved.

The shortened consonant with little or no voicing was perceived as a lil (Table
4.7.1). There were occasional Idl responses from listeners (no more than 1 out of the 
10 for any listener to any one stimulus (Figure 4.7.f)), but there was no clear 
difference between this response curve and that with the longer original consonant 
until the duration of closure voicing was increased.
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A.I.53  VOWEL DURATION

In this series the addition of closure voicing resulted in a change of percept for all 
except subject 6, 32 listeners giving a 100% /d/ response to the stimulus with 109.9 
msec (96%) voicing. The mean 50% crossover point was at 70-73 msec voicing 
over the three groups (Table 4.7.3), 4-6 msec earlier than for the series with original 
vowel duration.

The difference is in the expected direction: the crossover to a Idl percept occurs 
when there is less closure voicing when the preceding vowel duration is also 
appropriate to a Idl. However, although this earlier crossover occurs in the case of 
32 of the 36 subjects^^  ̂the difference between the two response functions is small.

No difference between the functions occurs when either there is little or no voicing 
(31.7 msec or less), where all subjects gave a 90-100% /t/ response, or where there 
is (almost) full voicing, where all except subject 6 gave a 90-100% Idl response.
The behaviour of subject 6 again shows little effect of the addition of closure 
voicing. The stimulus with a lengthened vowel and (almost) full voicing received an 
80% /t/ response from this subject; all other stimuli were given a 100% /t/ response.

4.7.6 Analyses of Variance

Two-way repeated measures analyses of variance were carried out on the responses 
to the /rota/ stimuli, with the two within-subject factors SET and SERIES. Because 
of the missing values for subjects 29 and 35 who did not reach the 50% crossover 
point in Set 2 series 2, all results for these two subjects had to be excluded, and 34 
subjects were tested in all. As it was possible that the listening conditions may have 
affected subjects’ responses, separate tests were carried out for each of the three 
listener groups.

As with the /roda/ stimuli described above, both within-subject effects and within- 
subject contrasts were examined. For the latter, the significance of differences 
between the three levels of the factor SERIES (i.e. series 1, 2 and 3) were examined 
by a Simple contrast type with the first level (series 1) being the reference level. The 
results are shown in Table 4.7.4.

In Table 4.7.3 it is apparent that the crossover values for Set 2 are higher overall 
than those for Set 1, and in the tests of all three listener groups, there was a

the exceptions being subjects 11, 13, 26 and 33
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significant main effect of SET. The main effect of SERIES was highly significant in 
all three groups, indicating that the series was a factor in determining the value of 
the crossovers. The within-subject contrasts between the three levels of the factor 
SERIES were significant. In the case of Level 2 vs. Level 1, the significance level 
was better than 0.5% in all three groups. The difference between Level 3 and Level 
1 was at 5% or better (highly significant in the case of Group 1). These results show 
that both the shortening of the consonant and the lengthening of the vowel had a 
significant effect on the value of the crossovers.

In addition, the within-subject effects show the interaction between the two main 
factors SET and SERIES to be significant. Figures 4.7.h-m show the mean of the 
50% crossover points for the three series in the two sets (Group 1 subjects in Figures
4.7.h-i; Group 2 subjects in Figures 4.7.j-k; and Group 3 subjects in Figures 
4.7.1-m)^^. From the plots of the Group 1 results (Figures 4.7.h and 4.7.i) it can be 
seen that the effect of the series depends on the Set, in the case of series 1 and 2: 
there is a larger difference between series 1 and 2 (Figure 4.7.h) in Set 1 than Set 2, 
which would lead to the interaction between the two factors. There is no apparent 
difference in the effect of series 3 compared with series 1 dependent on set (Figure
4.7.i). Indeed the test of within-subjects contrasts shows a significant interaction 
between the difference between the two levels of the SET factor (i.e. Set 1 and Set 
2) and the difference between Level 2 and Level 1 (i.e. series 2 and series 1) of the 
SERIES factor (F(l,19)=29.028, p<0.001). It does not, however, show a significant 
interaction in the case of the Level 3 vs. Level 1 factor (F(l,19)=0.230, p=0.637), 
indicating that the degree of difference between series 1 and 3 does not vary 
dependent on the Set.

This is the case for the other two groups also. In the case of Group 2, for the 
interaction between the levels of SET and Level 2 vs. Level 1 of SERIES, F(l,5) = 
30.078, p=0.003, whereas for the interaction between the levels of SET and Level 3 
vs. Level 1, F( 1,5) = 1.941, p=0.222. In the case of Group 3, F(l,7) = 11.269, 
p=0.012 and F(l,7) = 0.252, p=0.631 respectively. This greater difference between 
series 1 and series 2 in the Set 1 stimuli compared to the Set 2 stimuli can be seen in 
Figures 4.7.j and 4.7.1).

These are the means of the datapoints entered into the ANOVA; thus in the case of the Group 3 
means n = 8.

290



4.7.7 Closure voicing as a quotient of closure duration

In the previous sections the duration of the consonant closure and of the closure 
voicing have been discussed as two separate cues. However, altering the closure 
duration also obviously alters the proportion of the closure which is voiced. For a 
given absolute duration of voicing, a shorter closure will have a greater quotient 
which is voiced.

It is therefore possible to interpret the response curves to /roda/ stimuli in Figure
4.7.b as showing the effect of a decreased voiced quotient, resulting from the 
increase in the consonant duration, rather than the effect of the combination of two 
cues, the longer consonant and the shorter duration of closure voicing. The 
responses to the /rota/ stimuli in Figures 4.7.d-g could similarly be interpreted as 
showing not the effect of a shortened consonant duration as a cue to a /d/, but as 
evidence rather that the increased voiced quotient is cueing a /d/.

The results were therefore reanalysed in terms of the voiced quotient to see if this 
was a more appropriate analysis. The closure voicing in each stimulus in series 1 
and 2 of all the sets was analysed as a percentage of the closure, and the mean !xJ 
response for each listener group was plotted as a function of this, for the two sets of 
/rota/ stimuli (Figures 4.7.n-o) and for the /roda/ Set 2 stimuli (Figure 4.7.p).

If it is the voiced quotient alone, rather than the two features of consonant duration 
and voicing duration, which determines the response, then the functions for the two 
series of stimuli should be identical when analysed in this way. Any difference 
between the two curves would be due to the alteration of the consonant duration.

Figure 4.7.p shows that for the /roda/ stimuli lengthening the consonant still 
increased IXJ responses, when there was little voicing, even when the voicing is 
analysed as a proportion of the closure. The difference between the crossovers is 
significant, for the sixteen individuals who reached the 50% crossover point on both 
curves: in a one-way repeated measures ANOVA carried out on all 16 subjects, the 
effect of the within-subject factor SERIES was significant at the 5% level 
(F(I,15)=6.519, p=0.022). This difference is in the expected direction: a greater 
quotient of closure voicing is necessary to cue a /d/ when the closure duration is 
increased to a value appropriate to a lil.

Therefore, whichever way the closure voicing is analysed, the results for this set of 
/roda/ stimuli indicate that the closure duration itself contributes to the perception of 
the consonant as a /t/. Conclusions, however, are obviously limited by the fact that 
the analysis only covers 16 subjects.
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In the case of the /rota/ stimuli, Figures 4.7.n-o (and Table 4.7.3 above) show that 
the response to stimuli with a shortened consonant now changes to a /d/ percept 
later in the voicing continuum than that to stimuli with the original consonant 
duration. This was the case for 32 of the 36 listeners to the Set 1 s tim u lia n d  32 of 
the 34 to the Set 2 stimuli'^. It would appear from this analysis that it required a 
greater proportion of the closure to be voiced for the stop to be perceived as a Idl 
when the consonant is shortened {i.e. cueing a /d/) rather than its original length.

ANOVAs were carried out on these results, with the datapoints being the 50% 
crossover points, when voicing was calculated as a percentage of the closure, for 
each subject in each series of the /rota/ stimuli. For each of the three listener groups, 
a two-way repeated measures analysis was carried out with the two within-subject 
factors of SET and SERIES, each with two levels (Sets 1 and 2 and series 1 and 2). 
In each listener group, the main effect of SERIES was significant (Group 1 : 
F(l,19)=50.712, p<0.001; Group 2: F(l,5)=12.576, p = 0.016; Group 3: 
F(l,7)=84.794, p<0.001)‘̂ .̂ The crossover to a Idl percept is therefore significantly 
later in the continuum when the consonant closure is shortened.

The evidence presented here indicates, therefore, that when the responses are 
analysed in terms of the voiced quotient, a significantly greater voiced quotient is 
apparently needed in order to change the judgment to a Idl when the closure is 
shorter. Such a conclusion, however, runs contrary to expectations based on the 
production findings and on previous research: it would be expected that a shortened 
consonant would be an additional cue to a /d/, not a feature biasing responses 
towards a IXJ.

This analysis of voicing in terms of the proportion of the consonant which is voiced 
does not therefore appear to be appropriate in this case, since it would lead to an 
interpretation of listener responses which is not meaningful in the light of previous 
research or expectations. An analysis in terms of the absolute duration of voicing.

the exceptions being subjects 5, 22, 23 and 33 
the exceptions being subjects 21 and 22
The main effect of SET was significant also, although in the case of Group 3 only at the 10% level 

(Group 1: F(l,19)=28.966, p<0.001; Group 2: F(l,5)=56.548, p = 0.001; Group 3: F(l,7)=3.912, 
p=0.088). The interaction between the two factors was not significant for Group 1 (F(l,19)=2.591, 
p=0.124) or Group 3 (F(l,7)=0.454, p=0.522). It was, however, at the 5% level for Group 2 
(F(l,5)=8.351, p=0.34), indicating that the difference between series 1 and 2 in Set 2 compared with 
Set 1 was significantly larger.
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on the other hand, indicates that in this study both increased closure voicing and a 
decreased stop duration function as cues to a /d/.

4.7.8 Summary of results

To summarise the results in brief, firstly the addition of voicing to a IXJ led to a 
change in percept to a /d/ for all except one listener. Shortening the IXJ closure (to a 
duration appropriate to a /d/) led to a change in percept significantly earlier in the 
closure voicing continuum: a shorter absolute duration of voicing was needed for 
the listeners to perceive a Idl. Analysis of the closure voicing in terms of both the 
absolute duration and the proportion of the closure which was voiced suggests that it 
is the former measure which is the more appropriate, and that the listeners appear to 
be using the duration of the closure itself in addition to the duration of closure 
voicing as a cue to a [+voice] stop.

Lengthening the vowel preceding the /t/ also had a significant effect on listeners’ 
responses, leading to a change to a Idl percept when there was less closure voicing 
than was necessary when the vowel was longer. This effect was not present across 
all listeners, however.

When the voicing was removed from the closure of a Idl, this increased listeners’ IXl 
responses in the case of one of the tokens used but had little effect in the case of the 
other. Even in the case of the former, however, fewer than half the listeners showed 
a crossover to a [-voice] percept. When the stop closure was lengthened to one 
appropriate to a /t/, IXJ responses were increased. This was a significant effect for 
those 16 listeners whose results were tested. Analysis of the closure voicing both as 
an absolute duration and as a proportion of the closure suggests that, whichever way 
voicing is analysed, the actual duration of the closure is an additional cue to a /t/.

The shortening of the preceding vowel had an effect on responses, although not for 
all listeners. For those 16 who were tested, the crossover to a /t/ percept was 
significantly later in the voicing continuum than when the vowel was unaltered: i.e. 
less closure voicing had to be cut out for the percept to change to a /t/ when the 
shortened vowel was also cueing a /t/.
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Table 4.7.1. The mean of the % lil response from each subject averaged within 
listener group to each stimulus in the three sets.

roda Set 2

Voicing during closure (msec)

G p l

9.10 23.75 38.65 53.30 68.20 88.60 103.90

1 59.17 8.00 1.50 0.50 0.50
s 31.81 12.40 4.89 2.24 2.24

2 89.00 51.22 15.00 1.50 0.00 0.00 0.00
s 19.97 34.61 17.92 3.66 0.00 0.00 0.00

3 73.00 31.00 0.50 0.00 0.00
s 28.86 27.51 2.24 0.00 0.00

Gp2

1 66.48 8.33 0.00 0.00 0.00
5 44.46 16.02 0.00 0.00 0.00

2 90.00 56.48 5.42 1.67 1.67 0.00 1.67
s 12.65 21.27 6.00 4.08 4.08 0.00 4.08

series 3 71.67 36.67 0.00 0.00 0.00
5 37.10 26.58 0.00 0.00 0.00

Gp3

series 1
s

10.22
17.15

1.00
3.16

0.00
0.00

0.00
0.00

2.00
6.32

series 2 56.00 18.22 13.00 4.00 2.00 3.00 5.00
5 32.04 17.55 15.67 6.99 6.32 6.75 10.80

series 3 24.00 4.00 0.00 1.00 1.00
5 29.14 6.99 0.00 3.16 3.16
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Table 4.7.1. contd.

rota Set 1

Voicing during closure (msec)

5.60 16.50 32.50 47.80 62.00 75.80 89.60 103.40

G p l

series 1 100.00 99.50 98.50 91.00 62.50 26.50 6.00 2.00
J 0.00 2.24 3.66 17.14 29.00 21.83 8.83 5.23

series 2 100.00 99.00 88.00 22.50 2.00
5 0.00 4.47 16.73 21.73 4.10

series 3 99.00 99.50 98.00 84.50 54.50 14.00 3.00 3.50
f 3.08 2.24 6.96 20.38 32.03 17.29 7.33 8.13

Gp2

series 1 100.00 100.00 100.00 94.63 46.48 20.00 3.33 0.00
J 0.00 0.00 0.00 9.17 35.32 29.66 8.16 0.00

series 2 100.00 100.00 85.00 16.67 0.00
5 0.00 0.00 10.49 19.66 0.00

series 3 100.00 100.00 100.00 86.67 50.93 6.67 6.67 0.00
5 0.00 0.00 0.00 12.11 26.93 12.11 1.11 0.00

Gp3

series 1 97.00 99.00 99.00 84.67 43.78 21.00 7.00 4.00
5 6.75 3.16 3.16 15.49 36.34 30.35 13.37 9.66

series 2 100.00 99.00 80.00 24.00 10.00
5 0.00 3.16 18.86 26.75 17.00

series 3 100.00 99.00 94.00 72.00 42.00 20.00 10.00 9.00
5 0.00 3.16 10.75 26.16 38.24 26.25 19.44 11.97
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Table 4.7.1. contd.

rota Set 2

G p l

Voicing during closure (msec)

0.90 17.90 31.70 46.10 60.25 75.25 90.10 109.90

series 1 99.00
s 3.08

series 2
s

99.00
3.08

series 3 100.00
5 0.00

99.50 99.00 99.50 93.50 56.00 16.50
2.24 3.08 2.24 10.89 31.85 25.19

99.50 99.50 95.50 62.50 6.50
2.24 2.24 8.87 28.63 13.09

99.50 99.50 97.00 84.50 43.00 8.00
2.24 2.24 7.33 17.01 30.45 12.40

1.00
3.08

1.50
4.89

Gp2

series 1 100.00 100.00 100.00 100.00 95.00 43.33 21.67
5 0.00 0.00 0.00 0.00 8.37 38.30 24.01

1.67
4.08

series 2 100.00 100.00 100.00
5 0.00 0.00 0.00

series 3 100.00
s 0.00

100.00 100.00
0.00 0.00

98.33 70.00 1.67
4.08 18.97 4.08

96.67 60.57 40.00 9.07
5.16 39.47 35.78 1 7.77

0.00
0.00

Gp3

series 1
s

99.00 100.00
3.16 0.00

series 2 99.00 98.00
5 3.16 4.22

series 3 100.00 100.00
f  0.00 0.00

100.00
0.00

95.00 
7.07

99.00
3.16

98.00 76.00 46.00 21.00
4.22 34.38 40.06 31.07

76.00 50.00 20.00
29.89 35.90 31.62

90.00 67.00 37.00 15.00
14.14 33.68 43.73 19.00

2.00
4.22

2.11
4.46
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Table 4.7.2. Mean 50% crossover points for the /roda/ Set 2 stimuli over the 16 
subjects who reached this level of /t/ response (see text for details). The mean is 
given for series 1 (original consonant and vowel duration), series 2 (lengthened 
consonant) and series 3 (shortened vowel). The crossovers are given in msec closure 
voicing (with standard deviation in parentheses) and, for the original and lengthened 
consonants, in the percentage of the closure which was voiced.

series 1 series 2 series 3

msec 16.13 27.08 22.59
(2.95) (7.90) (4.56)

% 19.97 23.26
(3.66) (6.78)

Table 4.7.3. Mean 50% crossover points for the three listener groups to /rota/ stimuli 
in Sets 1 and 2, for series 1 (original consonant and vowel duration), series 2 
(shortened consonant) and series 3 (lengthened vowel). The crossovers are given in 
msec closure voicing (with standard deviation in parentheses) and, for the original 
and shortened consonants, in the percentage of the closure which was voiced.

S e tl

series 1

series 2 

series 3

Set 2

series 1

series 2 

series 3

Group 1 (n = 20)

%msec

66.95
(9.18)

42.73
(5.15)

62.98
(9.74)

77.55
(9.80)

62.26
(5.89)

72.70
(8.28)

59.27

65.73

67.94

77.11

Group 2 (n = 6)

msec %

63.96
(11.01)

41.12
(3.44)

61.93
(5.88)

76.21
(11.52)

63.72
(3.34)

70.59
(11.94)

56.62

63.27

66.76

78.91

Group 3 (n = 10)

msec %

63.94
(12.86)

41.19
(5.76)

61.65
(17.17)

73.42
(15.73)

55.40
(10.78)

69.39
(14.92)

56.61

63.36

64.32

68.61
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Table 4.7.4. Results of the analyses of variance carried out on the 50% crossover 
points (in msec) from each subject to the three series of /rota/ stimuli in Set 1 and 
Set 2. In the factor SERIES, Level 1 = series 1 (voicing only added), Level 2 = 
series 2 (shortened consonant), and Level 3 = series 3 (lengthened vowel).

Group 1

Within-Subject Effects
SET F(l,19) = 55.336 p<0.001
SERIES F(2,38) = 192.016 p<0.001
SET X SERIES F(2,38) = 17.736 p<0.001

Within-Subject Contrasts
Level 2 vs Level 1 F( 1,19) = 241.519 p<0.001
Level 3 vs Level 1 F(l,19) = 39.285 p<0.001

Group 2

Within-Subject Effects
SET F(l,5) = 38.445 p=0.002
SERIES F(2,10) = 26.865 p<0.001
SET X SERIES F(2,10) = 11.845 p=0.002

Within-Subject Contrasts
Level 2 vs Level 1 F(l,5) = 25.668 p=0.004
Level 3 vs Level 1 F(l,5) = 7.223 p=0.043

Group 3

Within-Subject Effects
SET F(l,7) = 10.113 p=0.015
SERIES F(2,14) = 54.068 p<0.001
SET X SERIES F(2,14) = 6.039 p=0.013

Within-Subject Contrasts
Level 2 vs Level 1 F(l,7) = 100.086 p<0.001
Level 3 vs Level 1 F(l,7) = 9.379 p=0.018
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Figure 4.7.a Responses to stimuli in the /roda/ Set 1 series
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Figure 4.7.a Responses to stimuli in the /roda/ Set 1 series contd.
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Figure 4.7.a Responses to stimuli in the /roda/ Set 1 series contd.
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Figure A.I.h Responses to stimuli in the /roda/ Set 2 series
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Figure A.I.h Responses to stimuli in the /roda/ Set 2 series contd.
Group 1 contd.
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Figure A.I.h Responses to stimuli in the /roda/ Set 2 series contd.
Group 1 contd.
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Figure 4.7.b Responses to stimuli in the /roda/ Set 2 series contd.
Group 1 contd.
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Figure 4.7.b Responses to stimuli in the /roda/ Set 2 series contd.
Group 2
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Figure A.I.h Responses to stimuli in the /roda/ Set 2 series contd.
Group 3
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Figure A.I.h Responses to stimuli in the /roda/ Set 2 series contd
Group 3 contd.
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Figure 4.7.c Mean responses of the three groups of listeners to the /roda/ Set 2 
stimuli
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Figure A.I.à Responses to stimuli in the /rota/ Set 1 series
Group 1
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Figure 4.7.d Responses to stimuli in the /rota/ Set 1 series contd.
Group 1 contd.
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Figure A.I.à Responses to stimuli in the /rota/ Set 1 series contd.
Group 1 contd.
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Figure 4.7.d Responses to stimuli in the /rota/ Set 1 series contd.
Group 1 contd.
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Figure A.I.à Responses to stimuli in the /rota/ Set 1 series contd.
Group 2
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Figure A.I.à. Responses to stimuli in the /rota/ Set 1 series contd.
Group 3

Subject 26

75 -

5 0 -

25 -

80 120400

closure voicing (msec)

Subject 28
100 n

75 -

50 -

25 -

80 120400

closure voicing (msec)

Subject 30
100 n

S 75 -

I
g 5 0 -  

2 5 -

80 1200

Subject 27
lO O n

75 -

5 0 -

^  25 -

80 1200 40

closure voicing (msec)

Subject 29
100 n

75 -

5 0 -

25 -

80 120400

closure voicing (msec)

Subject 31

75 -

5 0 -  

^  25 -

80 1204 00

closure voicing (msec) closure voicing (msec)

, . Q .

orig inal 

C = 65.00 msec

 -O  V = 169.00 msec

315



Figure 4.7.d Responses to stimuli in the /rota/ Set 1 series contd.
Group 3 contd.
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Figure 4.7.C Mean responses of the three groups of listeners to the /rota/ Set 1 
stimuli
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series
Group 1
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series contd.
Group 1 contd.
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series contd.
Group 1 contd.
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Figure 4.7.f  Responses to stimuli in the /rota/ Set 2 series contd.
Group 1 contd.
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series contd.
Group 2
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series contd.
Group 3
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Figure 4.7.f Responses to stimuli in the /rota/ Set 2 series contd.
Group 3 contd.
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Figure A.I.g Mean responses of the three groups of listeners to the /rota/ Set 2 
stimuli
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Figure 4.7.h. Mean crossover points of the Group 1 subjects for Series 1 (original 
consonant and vowel) and Series 2 (shortened consonant) in the two sets of /rota/ 
stimuli.
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Figure 4.7.i. Mean crossover points of the Group 1 subjects for Series 1 (original
consonant and vowel) and Series 3 (lengthened vowel ) in the two sets of /rota/
stimuli.
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rota Group 2: shortened consonant
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Figure 4.7.j. Mean crossover points of the Group 2 subjects for Series 1 (original 
consonant and vowel) and Series 2 (shortened consonant) in the two sets of /rota/ 
stimuli.
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Figure 4.7.k. Mean crossover points of the Group 2 subjects for Series 1 (original
consonant and vowel) and Series 3 (lengthened vowel ) in the two sets of /rota/
stimuli.
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rota Group 3: shortened consonant
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Figure 4.7.1. Mean crossover points of the Group 3 subjects for Series 1 (original 
consonant and vowel) and Series 2 (shortened consonant) in the two sets of /rota/ 
stimuli.
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Figure 4.7.m. Mean crossover points of the Group 2 subjects for Series 1 (original
consonant and vowel) and Series 3 (lengthened vowel ) in the two sets of /rota/
stimuli.
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Figure 4.7.n Mean responses of the three groups of listeners to the /rota/ Set 1 
stimuli (original and shortened consonant) when voicing is calculated as a 
percentage of the consonant duration
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Figure 4.7.0 Mean responses of the three groups of listeners to the /rota/ Set 2 
stimuli (original and shortened consonant) when voicing is calculated as a 
percentage of the consonant duration
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Figure 4.7.p Mean responses of the three groups of listeners to the /roda/ Set 2 
stimuli (original and lengthened consonant) when voicing is calculated as a 
percentage of the consonant duration
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4.8 DISCUSSION

The results indicate that overall the attempt to change the listeners’ percept by 
altering one or more of the temporal parameters of closure voicing, consonant and 
vowel duration was in most cases successful. The main exception to this was the set 
of stimuli created from the /roda/ token recorded by speaker LL (Set 1), which are 
discussed in more detail below. Also discussed separately is the behaviour of subject 
6, which was for the most part quite different from that of the other subjects.

The basic questions addressed in the perceptual experiment here are whether the 
duration of the consonant and of the preceding vowel were used as perceptual cues, 
and how they interacted with the closure voicing cue.

4.8.1 Closure voicing as a cue

It is clear from these results that the presence of voicing during the closure is an 
important cue to a /d/. When full closure voicing was added to an original /t/ it 
overrode all the other cues to a /t/ still present in the signal to result in a /d/ percept. 
Full closure voicing is therefore a sufficient cue to a /d/ in Russian as it has been 
shown to be in, for example, English (Lisker, 1978a, b; Port, 1979; Raphael, 1981) 
and French (van Dommelen, 1983). However, although the presence of voicing is a 
strong cue to a /d/, a 100% /d/ response was given only to the final or penultimate 
stimuli in the series by the majority of listeners. At least in the case of the two 
tokens of /rota/ used here, therefore, full or almost full closure voicing was required 
for the stimulus to be judged unambiguously as containing a /d/, when all other 
voicing cues were conflicting.

The amount of voicing required in the present study for a crossover to a /d/ percept 
(60-80 msec for a closure duration of 113-114 msec, 57-68%) is of a similar 
magnitude in absolute terms, although a slightly greater quotient, to that found in 
other studies. In French, van Dommelen (1983) found a crossover of approximately 
70 msec when voicing was added to a voiceless closure of 130 msec; and in English 
Lisker (1978b) found approximately 85 msec of voicing was necessary for a 140 
msec closure of an original /p/ to be perceived as a /b/. Both found the crossover to 
depend on consonant duration, as discussed below.

Cross-linguistic comparisons are difficult, however, as they are obviously also 
cross-token comparisons, and differences between tokens in the strength of other 
cues present in the original token have been found elsewhere (for example, Lisker,
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1978a) and are apparent here: a small but significant difference was found between 
the two sets of /rota/ stimuli in the duration of closure voicing needed to change the 
percept. This could indicate differences between the original tokens as to the 
strength of another or other cues present. For example, it appears from the acoustic 
waveforms (Figures 4.3.b and 4.3.d) that the amplitude of the burst in the Set 2 
/rota/ token is higher relative to that of the preceding vowel than is the case for the 
Set 1 token. If this is confirmed by further analysis, it might provide a stronger cue 
to a /t/ for the Set 2 stimuli, thus accounting for the need for a greater duration of 
voicing to give a crossover to a /d/ percept (Halle, Hughes and Radley, 1957; Lisker, 
1986).

However, comparisons between the two sets of stimuli have to be made with caution 
because the measurement of duration of voicing in the Set 2 stimuli included cycles 
of voicing of a very small amplitude which were present in the original /t/ token 
(section 4.3 a b o v e ) T h e  offset of voicing in the closure of the Set 1 stimuli is 
also at a very low amplitude but the amplitude envelope differs in that there are 
fewer cycles at this low amplitude (Figures 4.3.1 and 4.3.r). Lisker (1978b) found 
that the intensity of the closure voicing affected listeners’ responses: attenuating the 
voicing by approximately 12 dB below the original level of voicing in a fully voiced 
but lengthened stop resulted in a 50% [-voice] response. Thus in the present study, 
although the offset of voicing during a closure is naturally at a low level, it is 
possible that not all of this contributes to the perception of the stop as [+voice], and 
that the measurement of closure voicing in the two sets of stimuli is therefore not 
strictly compatible in terms of its potential perceptual effect.

Even if these final very low amplitude cycles are not audible, at least some of the 
original voicing produced by the speaker during the start of the /t/ closure in the Set 
2 /rota/ token is of a sufficient amplitude to have a perceptual function. Only 
approximately 30 msec of voicing had to be added to the original section of voicing 
to change the percept, compared to approximately 60 msec added to the Set 1 token. 
Although it is possible that other cues are biasing responses towards a /d/ in this 
particular token, one obvious difference between the two tokens which would have 
this effect is the long section of voicing (46 msec) originally present. Thus, although 
this is a typical production of a IXJ by this speaker in terms of the pattern of closure 
voicing (Chapter 3 above), it is close to the perceptual boundary for listeners.

These cycles were included in the measurement of voicing for reasons outlined in section 3.3 
above.
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Despite this intertoken variation, it can be concluded from these results that the 
presence of a substantial period of closure voicing, filling at least half the closure, is 
a very strong cue to a /d/, overriding all other cues to a /t/ naturally present in a 
token and being sufficient on its own to result in an unambiguous [+voice] percept. 
It is not surprising that the presence of audible voicing throughout a closure, or even 
for a large part of it, should be incompatible with a [-voice] percept.

The absence of voicing as a cue to a /t/ is a weaker cue, however, in that it more 
rarely overrides all other conflicting cues. The results for the stimuli created from an 
original /d/ but with closure voicing gradually cut out show that the complete 
absence of voicing on its own was sufficient to cue a /t/ in the case of only 17 of the 
37 subjects in the case of one of the sets of /roda/ stimuli (Set 2). Similar inter
subject variation in the strength of this cue in original [+voice] stops was found in 
English by Raphael (1981).

In addition, there was no change in percept, indeed very few IxJ responses at all, to 
the other set of /roda/ stimuli (Set 1). In the case of this set of stimuli, therefore, and 
in the case of the majority of listeners responding to the Set 2 stimuli, even the 
complete absence of voicing was being overridden by other cues to a to a [+voice] 
stop present in the original /roda/ tokens. The presence of voicing is therefore a 
sufficient but (at least in the case of the tokens used here) not for many listeners a 
necessary cue to a [+voice] stop.

A comparison between the responses to the two sets of /roda/ stimuli indicates that 
there is an important cue or cues to a /d/ in the Set 1 token which is not present, or is 
more ambiguous, in the Set 2 token, and which overrides even a lengthened 
voiceless closure to prevent a [-voice] percept. As noted in relation to the pilot 
study (section 4.5 above), one obvious candidate is the voiced burst of the Set 1 
/roda/ token. Wolf (1978) included stimuli with a voiced burst in her investigation 
of cues to word-final stops in English, and concludes that voicing during the burst 
together with closure voicing and low FI contribute to low frequency energy in the 
syllable offset which is the basis for [+voice] judgments. Williams (1977) found that 
in word-initial stops in Spanish, where there was low frequency periodic energy 
during and immediately following the release, a [+voice] percept resulted. The 
results of the present study indicate that in Russian the voicing during the burst 
(together with other cues in the signal) is sufficient to maintain a /d/ percept in the 
absence of voicing during the closure itself and, for most listeners, when increased 
closure duration or reduced vowel duration were also cueing a /t/.
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There are of course many cues to a /d/ conflicting with the absence of voicing in the 
Set 2 stimuli also. The strength of these cues to a /d/ is shown by the fact that, even 
when the vowel or consonant duration cue combined with the absence of voicing to 
cue a /t/, there was no changeover in percept for a small number of subjects. Indeed 
two (subjects 30 and 34) only give a total of two /t/ responses to all stimuli in this 
set. The spectral cues of burst intensity and FI transition and Fo contour preceding 
an obstruent have been shown to be cues to the contrast in other languages including 
English (for example, Cooper et al., 1952; Malécot, 1958; Kohler, 1979; Derr and 
Massaro, 1980; van Dommelen, 1983,1989). Although the present study has not 
investigated these spectral features in production, it is possible that they distinguish 
the production of [+voice] and [-voice] stops in Russian also: as noted in section 2.4 
above, there is evidence that burst intensity may differ between [+voice] and 
[-voice] pairs. It is apparent from these results that for many subjects, although not 
all, the absence of voicing is not sufficiently strong to override this multiplicity of 
cues, even when the release burst is not voiced.

There is thus an imbalance in the strength of the presence compared to the absence 
of closure voicing as a cue. For the majority of subjects the presence of full voicing 
is incompatible with a [-voice] percept whereas the absence of voicing is not 
incompatible with a [+voice] percept. As noted above in section 2.2, such an 
imbalance is apparent in the perception of the voicing contrast in other languages 
also. Experimentation on other cues essentially involves manipulating natural or 
synthesised stimuli with voiceless closures or in some cases voiceless fricatives, a 
[+voice] percept being achieved in many cases despite the absence of voicing. 
Experimentation with stop closures which contain glottal pulsing, on the other hand, 
has shown that this cue overrides all others (section 2.2 above).

The fact that the presence of voicing is not necessary for listeners to hear a [+voice] 
stop led Hillenbrand et al. (1984) to suggest that the (partial or complete) de voicing 
of word-final stops in English is linked to the lack of importance of this perceptual 
cue. From their finding that the removal of closure voicing alone from a [+voice] 
stop did not lead to a changeover to a [-voice] percept, they conclude that:

“It appears as though the tendency of speakers to devoice is supported by
perceptual strategies on the part of listeners that do not rely on the presence
versus absence of closure voicing.”

(Hillenbrand et al. 1984: 24)

The fact that [+voice] stops are not consistently voiced in production in English may 
reduce the value of the absence of voicing as a cue to a [-voice] stop in word-final
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position (although it has been found to be a necessary cue in another study of 
English (Raphael, 1981)). Such a link between production and perception is not 
unexpected: if a feature is not present in production it would not be expected to have 
cue value. For example, Simon and Fourcin (1978) found that a rising FI transition 
was not used by French (child) listeners since in production it did not distinguish 
[+voice] and [-voice] categories of stop and did not therefore have cue value, 
whereas it did for English adults and older child listeners. A correlate which may be 
distinctive but is not consistently present may be only a weak cue: this is suggested 
by Flege and Hillenbrand (1987) as an explanation for the difference in the 
importance of release bursts in the perception of voiced and voiceless stops in 
English and French (by native speakers). In addition, an L2 listener whose first 
language does not have a particular correlate may not use that correlate as a cue in 
the L2 stimuli: thus Arabic, Swedish and Finnish subjects have been found not to 
use fricative duration in the labelling of English /s/ and Izl (Flege, 1984; Flege and 
Hillenbrand, 1986).

However, in the present study of Russian, since in production the contrast is clearly 
and consistently marked by the presence vs. absence of voice, one might by this 
reasoning expect the absence of voicing to have a high cue value. It is, however, not 
sufficient to override other features in the signal (just as in English it was not in the 
case of intervocalic stops in some studies). The fact that it does not indicates that 
consistency in production is not the only factor determining perceptual importance.

Thus, although there is obviously a link between production and perception, there is 
no exact match between the production characteristics of [+voice] and [-voice] 
stops on the one hand and the acoustic characteristics of the stimuli perceived as 
[+voice] and [-voice] stops on the other, precisely because there is a multiplicity of 
cues to the voicing contrast and in experimentation a particular cue is being 
introduced to conflict with these cues which would not conflict in production. 
Whether it has an effect or not will depend on its strength relative to these other 
cues as realised in the particular tokens used, and it can be seen from the present 
results that the absence of voice is not a strong cue in Russian.

It is therefore not possible to conclude from an absence of an effect in a perception 
study either that a characteristic has no cue value at all in that word position, or, 
even if it apparently does not, that it does not consistently appear in production in 
that context.

336



4.8.2 Consonant duration

When both the consonant duration and the closure voicing cues were altered in 
combination, this was sufficient to change the percept of the stop for the majority of 
subjects, overriding all other cues still present in the original tokens, /rota/ with a 
shortened voiced closure was perceived as containing a /d/, and /roda/ with a 
lengthened devoiced closure was perceived as containing a /t/. The latter finding 
demonstrates that, although absence of voicing on its own was a sufficient cue to a 
[-voice] stop for only an albeit large minority of subjects, a lengthened voiceless 
interval was (in the case of the Set 2 tokens only, however) sufficient for the 
majority. The two features of consonant duration and closure voicing in 
combination thus form a very strong cue to the voicing contrast. The response 
behaviour of the minority of subjects who were exceptions to this is discussed 
below.

A difference in listener behaviour towards stimuli originating from /roda/ and /rota/ 
is demonstrated by the fact that all except three subjects’̂  ̂gave a /d/ response’"® to 
the /roda/ stimulus with a lengthened consonant and 38.65 msec (33%) closure 
voicing (a duration within the range produced in a [-voice] stop by this speaker), 
whereas all subjects gave a /t/ response to the original /rota/ token from the same 
speaker with 46.10 msec (40%) closure voicing. Although the amplitude envelope 
of the closure voicing differs also (Figures 4.3.p and 4.3.d respectively), this 
discrepancy in the identification of these two stimuli with the same duration of 
closure and closure voicing is an indication of the strength of the other cues in the 
original tokens, in the original /roda/ signalling a /d/ and in the original /rota/ 
signalling a /t/. A similar effect on listener behaviour was found by Repp and 
Williams (1985) in the case of bilabial stops in English.

Variation between tokens of the same word is also important, as discussed above 
and as is apparent here, where the effectiveness of the cues introduced into one 
token of /roda/ was reduced or removed for the majority of subjects by the 
conflicting cues, probably the voiced stop release, present in the original token. 
Such inter-token variation can affect the validity of cross-study and thus also cross- 
linguistic comparisons: this applies to all comparisons made below.

With this caveat, it appears that the consonant duration and voicing duration cues 
behave similarly in combination in Russian as they do in English. As discussed in

subjects 2, 5 and 6 
i.e. less than 50% /t/
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section 2.2 above, both the shortening of a /t/ closure and the lengthening of a /d/ 
closure with voicing cut out have been found to change the percept in English. The 
fact that there are some exceptions (for example, Hillenbrand et al., 1984, who 
found no change in percept) may be due to inter-token variation: listeners’ 
perceptual strategies may vary depending on the other cues present or not in the 
particular stimuli used, and that the absence of an effect in a particular study does 
not necessarily mean that the characteristic in question has no cue value. As 
Hillenbrand et al. note in relation to vowel contrasts, results may be due to 
“idiosyncratic characteristics of the particular tokens” (Hillenbrand et al., 1984: 24).

In French, similar inter-study variation has been found, although it may reflect 
differences in the relative importance of other cues: a change of percept was found 
when changes to the consonant and voicing durations were combined with vowel 
shortening (van Dommelen, 1983) but not when they were combined with removal 
of the closure burst (Wajskop and Sweerts, 1973).

The experiment was designed to test whether the cue of consonant duration had a 
perceptual effect over and above the closure voicing cue. The results show that it 
did, in the case of both an original /dl and an original /t/. Lengthening the closure of 
an original /d/ significantly increased /t/ responses compared to stimuli where the 
voicing alone had been altered. This occurred where there was an intermediate 
duration of voicing (up to approximately 50 msec) in the case of the subset of 
subjects for whom the absence of voicing alone had been sufficient to change the 
percept. In addition, a difference was apparent (although not statistically tested) 
where there was little voicing (9 msec) in the case of the majority of subjects (25 of 
the 37), including those for whom the absence of voicing alone did not produce a /t/ 
percept. Where exactly on the closure voicing continuum the increase in the 
consonant duration had an effect thus depended on how strong a cue the absence of 
voicing alone had been for the individual subject. It can be concluded at least, 
however, that the consonant duration cue had an effect where it was not in conflict 
with the voicing cue.

Shortening the closure of an original IXJ also had a significant effect on listener 
judgements over and above the voicing duration cue, the crossover to a /dJ percept 
occurring earlier in the closure voicing continuum. There therefore appears to be a 
trading relationship (Repp, 1982) between the duration of the closure and the 
absolute duration of voicing during that closure: less voicing is required to change 
the perception of a /t/ to a Id/ when the consonant has been shortened to a duration
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appropriate to a /d/. Perceptual equivalence (here, perception as a /d/) was thus 
achieved by changing two cues to differing degrees: adding less voicing but 
shortening the /t/, or maintaining a longer consonant duration but compensate by 
adding more voicing.

These conclusions presuppose that the duration of closure voicing and the duration 
of the closure itself are two cues to be integrated by the listener, rather than one 
single cue. The latter might be expressed in terms of the proportion of voicing in the 
closure interval. Thus, to take a hypothetical example, two closures might be 
perceptually equivalent if they were 70% voiced, whether the closure itself was long 
or short.

Following the analysis of voicing as a proportion of the closure, this hypothesis was 
rejected in section 4.7.7 above. Firstly, it was found that there was a significant 
difference between responses to stimuli with original and altered consonant 
duration, whether the voicing was analysed in absolute terms or as a quotient. This 
indicates that the consonant duration itself affects responses, however the voicing is 
analysed.

Secondly, if the voicing present in the /rota/ stimuli is analysed in terms of the 
proportion of the closure which is voiced, a shortened consonant appears to be 
biasing responses towards a /t/ rather than a /d/, a conclusion which runs counter to 
both the production results and perception studies in other languages. If, however, 
the correct interpretation of the voicing cue is in terms of the absolute duration of 
voicing, a certain duration unambiguously cueing a /d/, then the shorter duration of 
the closure appears to be an additional cue to a /d/ at intermediate durations of 
voicing.

Some further support for this comes from the behaviour of the small number of 
listeners who did not show a crossover in percept when a shortened /t/ was fully 
voiced. (This is with the exception of subject 6, whose response behaviour is 
different again). When a /t/ was shortened and was fully voiced, whereas the 
majority of subjects gave a 100% or near 100% /d/ response, two (subjects 29 and 
35) did not reach even a 50% /d/ level of response in the Set 2 stimuli, and in the Set 
1 stimuli subject 35 gave only a 50% /d/ response (figures 4.7.d and 4.7.f). Both 
these two subjects, however, gave a clear /d/ response when the (fully voiced) 
consonant was longer. The overall shape of the response curves appear to be similar 
for these two subjects compared to other subjects, but possibly further to the right of 
the voicing continuum: a possible explanation for this behaviour is that for these 
individuals a greater duration of closure voicing is necessary for the same result, and
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that in the case of the shortened consonant the duration of voicing was insufficient 
to override the other cues in the /rota/ token and lead to a /d/ percept, a longer 
absolute duration of voicing being necessary.

To summarise, the consonant duration and closure voicing cues in combination were 
a strong cue to a/d/: a shortened closure with added voicing or a lengthened closure 
with voicing cut out changed the percept. Furthermore, the consonant duration on its 
own significantly affected perception where it was not in conflict with the voicing 
cue: either lengthening a voiceless closure or shortening a voiced one.

However, consonant duration was not a sufficiently strong cue to alter the percept 
alone when it is in conflict with the voicing cue, at least in the tokens used in the 
present study. It is not surprising, as noted above, that a lengthened fully voiced 
closure should still be perceived as a /d/: the cue value of the duration of the 
consonant obviously cannot be considered without taking into account the acoustic 
characteristics of the signal which is being lengthened. Although Denes, in his study 
of the perception of fricative duration, concludes that whether there is voicing in the 
signal or not is irrelevant (section 2.2 above), no study has found that a lengthened 
fully voiced stop closure to be perceived as [-voice] (for example, Lisker, 1978b; 
Port, 1979; Raphael, 1981; van Dommelen, 1983). This makes the responses given 
by subject 6 all the more surprising, as discussed below. Whether Denes’ conclusion 
regarding fricative duration would be confirmed in Russian remains to be seen, but, 
as discussed in 2.2 above, may depend on the relative intensity of the voicing and 
frication.

The more interesting finding here is that an original /t/ closure with no added 
voicing was not perceived as a /d/ when the duration was altered to one appropriate 
to a /d/: it was still unambiguously a IXJ for all listeners. At least 41 msec (63%) of 
voicing had to be present (and 55 msec, or 69%, in the Set 2 /rota/ stimuli) for 
subjects to perceive a /d/. This finding runs counter to that of several studies in 
English (Lisker, 1957, 1978a, 1978b; Parker, Diehl and Kluender, 1986), where a 
stop which as originally [-voice] was perceived as [+voice] when the consonant 
duration was altered. Again, inter-study variation is apparent, however: Revoile et 
al. (1982) report only a slight effect of altered consonant duration. In French, 
whereas Wajskop and Sweerts (1973) found a change, van Dommelen (1983) did 
not.

However, whether a shortened voiceless closure will be perceived as a [+voice] stop 
will depend on other cues: Wajskop and Sweerts also removed the closure burst, 
which would have cued a [-voice] stop. Lisker in his 1978b study found a
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changeover to a /b/ percept only occurred when the silent closure had been reduced 
to a duration (30 msec) well below that typical for the production of a /b/ in the 
context recorded and well below that found in his earlier (1957) study (75 msec, a 
reduction from 130 msec). Moreover, in his study of velar stops (Lisker, 1981), he 

found that the stop in a token of locker had to be reduced to 0 msec before a 50% /g/

response was reached. Thus variation in the strength of other cues present in the 
original tokens is apparent, and might mean that in any one study the consonant 
duration has to be reduced to values not found in production before it has an effect 
on perception.

It may therefore be the case that if the ! x J  closures in the present study had been 
reduced much further, a /d/ percept would have resulted even with no voicing added. 
The durational values used followed the differences between [+voice] and [-voice] 
stops found in production in this study (section 4.3 above). The /t/ in Set 1 was 
reduced from 113 to 65 msec, a difference (of 48 msec) comparable to that found by 
Lisker to change the percept in his 1957 study but less than the other studies above. 
The I x J  in Set 2 was reduced from 114 to 81 msec, a smaller difference (of 33 msec) 
than the Set 1 stimuli.

The importance of the magnitude of the changes made is shown by the fact that the 
difference between the two curves (with original and shortened consonant duration) 
was significantly greater in Set 1 than in Set 2. There are of course other differences 
between the two tokens of /rota/ other than the size of the changes made to closure 
duration. For example, the closure voicing added had differing amplitude envelopes 
in the two sets. However, such differences would be expected to apply to all three 
series in a set, as the voicing was added in the same way, and would not therefore 
explain why shortening the consonant duration had a greater effect in Set 1. 
Increasing the magnitude of a change in consonant duration has been shown to 
increase the change in listeners’ responses (for example. Port, 1979, in the case of 
stops; Cole and Cooper, 1975, in the case of fricatives), and may therefore be the 
reason for the significant difference between the consonant duration effect in Set 1 
and 2.

In the case of the original id! (Set 2), the increase in the present study matched the 
differences found in production: a lengthening from 80.75 to 116.45 msec, an 
increase of 35.70 msec or 44%. This is less of a percentage increase than that used 
in many studies, although not in every case in absolute terms: a [-voice] percept was 
achieved by a 40 msec (62%) increase in Lisker (1957), a 21 msec (53%) increase in 
Raphael (1981), and a 57 msec (78%) increase in van Dommelen (1983). Port,
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however, found the crossover to a /p/ occurred when the closure was 75 msec, only 
5 msec longer than the original (fully voiced) /b/. Lisker (1978b) notes the 
importance of intertoken variability, a factor evident in the present study where a 
larger increase of 48.15 msec (74%) in Set 1 did not change the percept for most of 
the listeners. It may be that a larger increase in the consonant duration in the Set 2 
stimuli may have increased /t/ responses to stimuli with little voicing.

The durational changes in the present study were made with the aim of testing 
whether differences of the magnitude found in production in Russian could be used 
by native listeners. It was possible that the rather small differences made by 
speakers may have had a physiological cause but had no linguistic function. The 
present results show that, even if there is no linguistic rule of lengthening (as has 
been proposed, for example, for preceding vowels in English), the differences found 
here do function, albeit under experimental conditions, as cues to the contrast.

4.8.3 Vowel duration

Altering the duration of the vowel preceding the stop had a similar effect on 
perception as consonant duration changes in terms of where on the closure voicing 
continuum it occurred. In the case of an original /t/, lengthening the preceding vowel 
increased /d/ responses where there was an intermediate duration of voicing, in other 
words where the closure voicing cue was ambiguous. Where vowel duration alone 
was altered, the closure remaining voiceless, no effect of the vowel duration was 
found.

In this the vowel duration cue appears to be weaker in this study than it is in many 
previous studies in English, where there is evidence that lengthening the vowel 
before a [-voice] obstruent can be sufficient to change the percept, both in the case 
of synthesised stimuli (Raphael, 1972; Flege and Hillenbrand, 1986) and natural 
edited stimuli, where there may be more conflicting cues (Soli, 1982, who 
investigated fricatives only). However, in some studies a crossover in percept was 
achieved only by altering in addition other cues in the natural stimuli: Repp and 
Williams found a crossover from a /p/ to a /b/ percept only when the burst was 
deleted; and Fitch (1981) achieved a similar change when vowel formants preceding 
a /b/ were substituted. Furthermore, other studies have found a weak effect but no 
change (Wardrip-Fruin (1982), in the case of stops), or a changeover only for some 
tokens but not others (Hogan and Rozsypal, 1980). Since inter-study variation is 
apparent here as elsewhere, it is not possible to conclude for certain that there is a 
difference between English and Russian. Further study in Russian may reveal vowel
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duration to have a stronger effect than in the present study, particularly in the light 
of a comparison of the size of alterations made, as discussed below.

In the case of an original /d/, shortening the vowel duration did not have any effect 
when the closure was voiced. This was expected given the predicted strength of the 
presence of voicing as a cue, and matches the findings by Raphael (1981) that the 
presence of voicing overrides vowel duration alterations preceding a stop. However, 
in the earlier paper using synthesised fricatives (Raphael, 1972) shortened vowel 
duration did override voicing in the fricative to lead to a change in percept. 
Furthermore, Hogan and Rozsypal (op. cit.) report a change in percept in the case of 
a minority of tokens which either contained a [+voice] fricative or, where vocal fold 
vibration only lasted for a short period into the closure, a [+voice] stop.

It thus appears that either vowel duration is a more important cue before a fricative 
than a stop in English, or that vocal fold vibration is not an overriding cue during a 
fricative whereas it is in a stop (provided it lasts a certain duration). It was noted 
above that the duration of the consonant itself has been found to override the 
voicing bar in the case of fricatives (Denes, 1955) but not stops, and that it can be 
tentatively concluded that voicing accompanied by frication might not be as strong a 
cue to a [+voice] percept in English, as voicing during a stop closure, where it is 
unaccompanied by noise. Further study of fricatives in Russian would indicate 
whether the presence of voicing as a cue is not as strong during a fricative as a stop, 
and whether it can be overridden by consonant and vowel duration cues.

In the present study, shortening the vowel duration before a /d/ did have an effect 
when it was not in conflict with the voicing cue, significantly increasing /t/ 
responses for the minority of subjects who showed a crossover to a ft/ percept in 
these series of stimuli. The generality of these conclusions is limited, however, 
because significance was only tested on this group. The shortened vowel duration 
did appear to increase /t/ responses for most of the rest of the subjects (although this 
was not statistically tested). However, the combination of shortened vowel and 
absence of voicing was sufficient to change the percept for only six of the 20 for 
whom absence of voicing on its own was not already sufficient. This indicates that 
vowel duration is a weaker cue than consonant duration, which, in the same set of 
stimuli, was sufficient when combined with the absence of voicing to change the 
percept for all except six subjects.

There are further indications that overall vowel duration is a weaker cue than 
consonant duration. In both /rota/ and /roda/ stimuli, the difference in the crossover 
values between series 1 and 3 is smaller than that between series 1 and 2. The
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significance of this difference between the consonant and vowel duration effects 
was not directly tested, as the principal aim of the statistical analysis was to 
investigate whether each of the two cues, vowel and consonant duration, had a 
significant effect over and above the closure voicing changes. However, this 
difference in the consonant and vowel duration effects is apparent for the majority 
of those subjects tested: all 36 subjects responding to the /rota/ Set 1 stimuli, 30 of 
them to the /rota/ Set 2 stimuli, and 11 of the 16 subjects who showed a crossover in 
all three series of the /roda/ Set 2 stimuli.

Furthermore, in the case of /rota/ stimuli, there are more individual subject 
exceptions to the vowel duration effect than to the consonant duration effect: of the 
36 subjects, two did not reach the 50% crossover level in Set 2 when the consonant 
was shortened; in all other individual cases there was a difference between 
crossover points in the expected direction. When the vowel was lengthened, 
however, in Set 1 13 subjects and in Set 2 four subjects did not show a difference in 
the expected direction between the crossover points on the two curves. In addition, 
the series with lengthened vowel does not receive consistently fewer /t/ responses 
than that with the original vowel throughout the voicing continuum for all listeners: 
in many cases the two response curves cross over.

There are strong grounds for concluding, therefore, that the vowel duration cue, 
although having a significant effect for some listeners, is a weaker cue than that of 
the consonant duration. It is possible that this apparent difference is to be explained 
by the difference in degree of the changes carried out. In order to match the 
differences found in the original tokens, the vowel preceding the two tokens of /d/ 
was shortened by 22-24 msec (a reduction of 14% in both cases), that preceding the 
two tokens of /t/ lengthened by 21-24 msec (an increase of 15-16%). In 
comparison, the closure of /d/ was increased by 36-48 msec (44-74%), that of III 
decreased by 3 3 ^ 8  msec (29-42%).

There is evidence that the magnitude of a difference in vowel duration affects the 
magnitude of the response from an individual subject: the same point was made for 
consonant duration above. For example, vowel duration studies in English have 
shown that a gradual increase in vowel duration can lead to an increase in [+voice] 
judgments (for stimuli containing fricatives, Flege and Hillenbrand (1986) using 
synthesised stimuli and Soli (1982) using naturally edited stimuli; for stops. Repp 
and Williams (1985) using natural stimuli; and Raphael (1972) using synthesised 
stimuli containing a range of obstruents). It is therefore possible that the greater size 
of the consonant duration changes is the reason for the greater perceptual effect, and
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that a greater change in the vowel duration before a/d/ would have led to a greater 
I x J  response (and vice versa for vowel duration preceding a iXJ).

Furthermore, the differences between the altered and unaltered vowel durations 
were in themselves fairly small. They are slightly less than the difference limen of 
22.5% reported for French by Rossi (1972), where listeners had to judge which of 
two vowels was longer, and also slightly less than the 20% (25 msec) found by Klatt 
and Cooper (1975) to be one Just Noticeable Difference in a magnitude estimation 
task carried out on words in a sentence context in English. The difference limen has 
been found to remain fairly constant when differences are measured in relation to 
the duration of the whole vowel (Creelman, 1962; Abel, 1972; Klatt and Cooper, op. 
cit.).

However, they are above the durational changes found to be perceptible in some 
studies: for example, Fujisaki, Nakamura and Imoto (1975) report that in a 
discrimination task Japanese listeners could perceive a change of approximately 10 
msec (or 5%) in a 200 msec vowel mora near a phoneme boundary. Huggins (1972) 
showed the limit of acceptable vowel duration in English in a sentence context 
before a /p/ to be only approximately 10 msec (9%) greater than the original (115 
msec) or 20 msec (17%) shorter.

The difference in vowel duration is less than that tested in several other studies of 
the voicing contrast: for example, van Dommelen (1983) reduced vowel duration by 
54 msec (38%); Raphael (1981) reduced it by 29 msec (29%) and 32 msec (26%); 
and Fitch (1981) increased it by 42 msec (20%). However, in the same study 
Raphael found an increase in consonant duration of only 15 msec (17%), to a value 
appropriate for a [-voice] stop, to affect the percept. In addition, it is difficult to 
compare differences tested because their effect will depend on the strength of other 
cues present. Thus in the present study the greatest difference tested was between 
the stop closure durations in the /roda/ Set 1 stimuli, but, as discussed above, the 
changes made had little effect because of the voicing during the burst.

Thus the small size of the vowel duration changes may have led to fewer subjects 
using the cue, or to more uncertainty amongst those who did (resulting in a smaller 
and/or less consistent difference between the two curves), than might have been the 
case had the differences been greater. As discussed above, the emphasis of the 
present study was on testing the perceptual relevance of the degree of difference 
found in production in Russian.
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The stimuli do of course differ from the temporal patterns found in production, not 
least in the fact that in a natural context differences in both consonant and vowel 
duration would be available as cues to the listener (in addition to spectral cues). The 
aim here was to isolate the consonant, vowel and closure voicing duration 
characteristics to see if they each could be used as cues. The results confirm Klatt’s 
view that “If an observed mle-govemed change is smaller than about one JND 
[approximately 20%], then it can only have a small perceptual role” (1976: 1218). 
The vowel duration here was not a primary cue, but did have a perceptual role 
never-the-less.

It is possible, furthermore, that the vowel duration had a smaller perceptual effect 
than the consonant duration not just because the changes effected were small, but 
because vowel duration is a less robust cue in Russian, and that increasing the size 
of the alterations would not have increased the Ixj response. The vowel duration 
effect in production was both smaller and less consistent than the consonant 
duration effect. Comparative studies of the vowel duration effect in French and 
English have shown that the vowel duration effect in French is both smaller in 
production (Mack, 1982) and has a smaller effect on listeners’ responses (Flege and 
Hillenbrand, 1986). This may explain why, in van Dommelen’s study (1983) of 
voicing cues in French, changes to the vowel duration were not of primary 
importance, but were overridden not only by the presence of closure voicing but 
also by its absence. This was despite the fact that the changes made to the stimuli 
were fairly large (as noted above, a reduction of 54 msec or 34%).

In the present study in Russian, therefore, as the vowel duration effect in production 
was small, albeit significant, it is possible that the effect on perception would be no 
greater than has been demonstrated here even if the stimuli differed to a greater 
degree.

The above discussion presupposes that the consonant and vowel durations are 
separate cues to the voicing contrast in Russian. As outlined in Chapter 2 above, 
some researchers have modelled listener behaviour in terms of a single cue of 
consonant/vowel ratio. The present study did not directly test the adequacy of this 
model: the experimental design was chosen primarily to deal with the problem of 
closure voicing, and therefore a continuum of closure voicing rather than consonant 
or vowel durations was generated. In addition, four sets of stimuli were taken in 
order to maximise the generality of the conclusions, since it was evident from 
previous research (section 2.2) as well as from the pilot study (section 4.5) that there
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was variation in the strength of cues firstly between tokens of the same word and 
secondly between tokens containing a [+voice] or a [-voice] consonant. It was 
therefore not possible to investigate fully in addition to this, within one experiment 
with the subjects, the issue of the consonant/vowel ratio as the relevant cue.

The stimuli used do differ in their consonant/vowel ratio, since in each set the vowel 
duration changes were not as great as those to the consonant duration. In the two 
sets of /rota/ stimuli, the C/V ratio was greatest for the series 1 stimuli, less for 
series 3 and smallest for series 2 (in Set 1, the ratios were 0.78, 0.67 and 0.45 for 
series 1, 3 and 2 respectively; in Set 2 they were 0.79, 0.69 and 0.56). The mean 
crossover values do show a decrease in the closure voicing necessary for a /d/ 
percept when the ratio of consonant to vowel is decreased, as would be predicted 
(Table 4.7.3, which shows the mean crossover values for the three listener groups). 
In the case of the /roda/ stimuli, the mean crossover values (for those subjects who 
produced such values in the Set 2 stimuli) were likewise in the expected order, less 
voicing being present when the C/V ratio is smaller. The mean crossover values 
were 27.08, 22.59 and 16.13 msec to stimuli with a ratio of 71% (series 2), 57% 
(series 3) and 49% (series 1) respectively (Table 4.7.2).

However, three datapoints for each set is obviously insufficient to evaluate whether 
a ratio model fits the data better than a model where the consonant and vowel 
durations are independent cues. Further work using one set of stimuli only would 
test whether this is the case or not.

4.8.4 Individual subject variation

There were some exceptions to the general patterns discussed above, in particular 
with regard to the two sets of /roda/ stimuli. There was much inter-listener variation 
as to how strong the other cues were in the signal: whether the 50% crossover point 
was reached for any of the functions, or whether any /t/ responses were given at all. 
This was the case for both sets of /roda/ stimuli. It was noted above that Group 3 in 
particular gave fewer 50% /t/ responses to the Set 2 /roda/ stimuli, with none 
reaching the 50% level of /t/ response in all three series. It appears that for this 
group in particular the absence of closure voicing is a weak cue to a [-voice] stop 
when it is in conflict with cues other than consonant or vowel duration.

It is possible that the listening conditions for this group were poorer than for the 
other two (section 4.6 above), and that the signal-to-noise ratio was consequently 
worse. If this were the case, the closure voicing might not have been sufficiently 
audible to be used as a cue. A possible result of this might be that listeners might
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make judgments on the basis of other cues present, which signalled a /d/. However, 
one might equally argue that in the absence of audible voicing there would be an 
increase in !xJ responses. In addition, if overall audibility of the signal was a 
problem, it would be expected that in the case of the /rota/ stimuli also, the addition 
of voicing, if wholly or partly inaudible, would have less effect for the Group 3 
listeners than for the other groups. For those who reached the crossover point for all 
three curves, however, this crossover to a [+voice] percept occurs at approximately 
the same point on the continuum for all three groups (Table 4.7.3): it does not 
require more added voicing for these subjects in Group 3 to perceive a /d/ compared 
to the other two groups.

An alternative explanation is that the overall lower /t/ response to the /d/ stimuli 
reflects individual subject variation in the importance of voicing as a cue relative to 
other cues in the signal: similar inter-subject variation found in English by Raphael 
(1981) has already been noted above. It is evident here in the Group 1 listeners, 
where subject 18 also did not reach a crossover to a /t/ percept in the /roda/ (Set 2) 
stimuli (Figure 4.7.b). For those subjects in Group 3 for whom the presence of 
voicing was a strong cue in both /roda/ and /rota/ stimuli, inter-subject variation in 
the strength of this cue seems as likely an explanation for this behaviour as poor 
audibility of the signal.

There were four subjects in this group, however (subjects 29, 33, 34 and 35), who 
did not reach a 100% /d/ response in all series of /rota/ Set 1 and 2 stimuli (and, as 
discussed above, subjects 29 and 35 did not in fact reach even the 50% level in one 
of the series). In addition, in the /roda/ Set 2 stimuli two of them (33 and 35) did not 
give a 100% /d/ response to stimuli with a lengthened but (almost) fully voiced 
closure, unlike all other subjects. For these subjects, the presence of voicing is not 
an overwhelming cue, although it does affect responses to a certain extent. It is 
possible that for these subjects, then, audibility may have been a factor.

They were not alone, however, in not perceiving a shortened /t/ filled with closure 
voicing as a/d/: subject 9 from Group 1 did not give an unambiguous /d/response to 
this stimulus (in Set 2) either. This indicates that possible poor listening conditions 
of Group 3 are not necessarily the cause of their listening behaviour.

It may, however, be the case that the apparent and unexpected reluctance of subjects 
33 and 35 to give a 100% /d/ response to the lengthened fully voiced /d/ may be due 
to the amplitude of the signal, specifically the amplitude of the voicing added to fill 
the closure. The cycles towards the end of the lengthened closure was the same 
amplitude as one of the cycles towards the end of the original closure, and thus is
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lower than those in the first half of the closure (section 4.3 and Figure 4.3.m above). 
It may be the case that these cycles edited in were not of sufficient amplitude to 
provide an unambiguous cue for these listeners.

Subject 6 was the most noticeable exception to the general response behaviour, 
above all in that the presence of voicing was a very weak cue: a similar but more 
extreme position than was the case in the subjects just discussed. The addition of 
voicing to a IXJ had barely any effect at all on this subject’s responses, and the /roda/ 
Set 2 stimuli which contained full or nearly full closure voicing were given fewer /d/ 
responses by him than by others. This is not to say that this listener was not sensitive 
to whether a closure is voiced or not, since in the /roda/ Set 2 stimuli editing out the 
closure voicing led to a /t/ percept, for all three series in this set: the absence of 
voicing is a cue to a [-voice] percept.

As with the two subjects (33 and 35) discussed above, the low amplitude of some of 
the added voicing may be part of the explanation for the low /d/ response to the 
lengthened fully voiced /roda/ stimuli. However, the fact that voicing was not used 
at all in the /rota/ stimuli, despite the fact that it was of a high amplitude in many of 
the stimuli, suggests rather that for this subject the presence of voicing is not a 
strong cue.

Further support for this interpretation lies in the fact that this subject shows 
progressive rather than categorical labelling for this cue (Simon and Fourcin, 1978). 
Following Simon and Fourcin’s definitions, the change from /d/ to /t/ occurred with 
at least one interruption or step. This was occasionally the case also for other 
subjects, particularly at the end of the voicing continuum for the Group 3 subjects 
discussed above. It occurs in the case of Subject 6 in all three series in this set. It 
would seem then that the closure voicing cue is not providing clear information for 
the subject to categorise the stimuli.

The fact that the presence of voicing was not an overwhelming cue in the /roda/ Set 
2 stimuli meant that the effect of increased consonant duration could be seen 
throughout the voicing continuum, showing the importance of this cue for this 
subject. An effect of the consonant duration cannot be seen in the /rota/ stimuli, 
however. It may be that the changes carried out to the consonant duration were not 
sufficiently large to be perceived by this subject. Whether this is the case or not, this 
cue and the weak cue of presence of voicing are both being overridden by a cue or 
cues in the /rota/ tokens.
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The importance of other cues to this subject is shown by the fact that the original 
/roda/ Set 2 token was not an unambiguous token to start with for this listener: it 
was only given a 60% /d/ response by this subject in the separate test of natural 
tokens. This may have been because the closure was not fully voiced. However, as 
discussed above, it seems from this subject’s responses to the /rota/ stimuli that this 
would not have been an important cue. Alternatively, there may be a cue, important 
to this listener, which was absent (or perhaps not clear) in this particular token. One 
candidate for this cue would be the voiced burst, since this listener, as others, gave a 
100% /d/ response to all Set 1 /roda/ stimuli. This cue would then appear to be 
sufficiently strong to override the consonant duration cue for this subject.

4.8.5 Summary

It is evident from these results that cues in the original tokens other than those tested 
here are important in determining listeners’ responses. The effect of other cues is 
evident from a comparison of response functions to /rota/ and /roda/ stimuli: there 
are overall more /t/ responses to /rota/ stimuli and more /d/ responses to /roda/ 
stimuli even when the closure voicing, closure duration and vowel duration values 
are equivalent. Moreover, the importance of inter-token variation in these other cues 
to a /t/ or a /d/ is revealed by the use of more than one token in the experiments, and 
provide a reason to be cautious in drawing conclusions concerning the perceptual 
relevance and relative strength of the cues tested.

Furthermore, the statistical analysis covers only those subjects who reached the 50% 
crossover point in all three series of the sets. Although it can be seen that in many 
cases other subjects follow the same pattern of behaviour, overall conclusions drawn 
can only be tentative.

There is strong evidence, however, that the presence of voicing during the whole of 
a stop closure is for most subjects an overriding cue to a [+voice] percept; that the 
absence of voicing is a weaker cue but sufficient for some subjects to override other 
cues to a /d/ in one of the two tokens; and that stop closure duration is used as a cue 
both to a [-voice] and a [+voice] percept where voicing is ambiguous, but does not 
override either the presence of full closure voicing or the complete absence of 
voicing. In addition, these results indicate that the duration of the closure itself, and 
not just a closure with a particular voiced quotient, is a cue to the contrast. Vowel 
duration had a significant effect overall, although it is a weak cue, having an 
extremely small effect on perception and not consistently across subjects. Thus the 
small differences in consonant and vowel duration found in production can have a 
perceptual effect.
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Chapter 5: Conclusions

The first principal hypothesis was that the contrast between [+voice] and [-voice] 
obstruents in intervocalic position would be distinguished in production by the 

presence or absence of vocal fold vibration during the constriction. A secondary 
hypothesis was that the [+voice] obstruents would be produced with voicing 

continuing throughout the constriction. These hypotheses were tested in Chapter 3, 
and the results presented in section 3.7 show that the principal hypothesis was 
upheld: duration of vocal fold vibration did clearly distinguish [+voice] stops and 
fricatives from their [-voice] counterparts, although the [-voice] constrictions were 
not completely voiceless intervals. The secondary hypothesis was disproved: vocal 
fold vibration was not always maintained throughout the constriction. Partial 
devoicing, which was subject to inter-speaker variation, was found, in particular in 
the case of fricatives. An additional secondary hypothesis was then tested: that 
partially devoiced [+voice] obstruents would be produced with a different laryngeal 
configuration from fully voiced ones. This was not fully borne out: 
electrolaryngographic analysis did reveal variation in laryngeal configurations 

during the production of [4-voice] obstruents, but there was no clear distinction 
between configurations for partially devoiced obstruents on the one hand and fully 
voiced ones on the other. Rather, there was considerable intertoken variation, one 
important determining factor in which was individual speaker identity.

It can thus be concluded that [4-voice] fricatives are subject to a gradient phonetic 
process of partial devoicing, but that intervocalic [4-voice] and [-voice] obstruents 
are still clearly distinguished in production by the duration of vocal fold vibration.

The second principal hypothesis was that in this non-neutralising position, where the 
contrast between [4-voice] and [-voice] is realised by a difference in the duration of 
vocal fold vibration, the duration of the [4-voice] obstruents would be less than their 
[-voice] counterparts and the duration of the preceding vowel greater. The results of 
this investigation presented in Chapter 3 (sections 3.8 and 3.10) show that both parts 
of the hypothesis were true. Both stops and fricatives showed an effect of the value 

for [4-/-voice] of the consonant on the duration of the closure or period of frication, 
respectively, and on the preceding vowel. Both effects were subject to contextual 
variation, with the differences in consonant duration being significantly smaller in 
sentence-final context than in word-list reading.

The degree of difference in consonant and vowel duration was, as far as can be 
ascertained from cross-study comparisons, similar to the differences reported for
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several other languages, but the vowel length effect was less than that found in 
many studies of English. This difference in vowel duration was less than that in 
consonant duration, and in the sentence context some speakers did not maintain a 
difference in vowel duration across all word pairs. The smaller effect on vowel 
duration than on consonant duration also resulted in an inequality in the duration of 

the vowel + consonant sequence, particularly in the case of fricatives: sequences 
with a [4-voice] fricative being shorter than those with a [-voice] fricative.

The third hypothesis concerned underlying [4-voice] and [-voice] obstruents in 
word-final position, where a neutralising phonological rule of final devoicing 
applies. It was hypothesised that underlying [4-voice] obstruents would be 
distinguished from their underlying [-voice] counterparts by the duration of one or 

more of three intervals : by a longer interval of voicing during the consonant, by a 
shorter closure or frication interval, or by a longer preceding vowel. The results 
presented and discussed in sections 3.9 and 3.10 show that this hypothesis was 
supported at the 5% level of confidence in the case of two of the intervals: the 
duration of the consonant and of the voicing during that consonant. However, the 
small size of the difference and the lack of consistency shown by speakers weakens 
the support for the hypothesis, and means that the null hypothesis, that there is no 
difference and neutralisation is (as far as these temporal intervals are concerned) 
complete, cannot be convincingly rejected. In addition, because of the small amount 
of data in the subcategories which showed a larger difference, it was not possible to 
ascertain whether there was an interdependency between the smaller consonant 
durations and the greater voicing durations for underlying [4-voice] obstruents.

Lastly, comparison of word-final and intervocalic obstruents revealed a process of 
positional final lengthening of the obstruent but no apparent effect of word-position 
on the preceding vowel duration.

The above hypotheses concern the production of [4-voice] and [-voice] obstruents. 
The remaining hypotheses concern the perception of the voicing contrast in Russian, 
and were tested in Chapter 4 using stimuli containing intervocalic stops.

The first hypothesis concerning perception was that full voicing during the stop 
closure interval would be a sufficient cue to a [4-voice] percept. This hypothesis was 
shown to hold: the presence of voicing during all or nearly all of the closure was 
sufficient to override all other cues present in a token containing an original [-voice]
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stop. There was in addition significant inter-token difference in the duration of 
voicing necessary to achieve a [+voice] percept.

The results showed an imbalance in the strength of the presence of voicing as a cue 
to a [4-voice] stop and the absence of voicing as a cue to a [-voice] stop. The 
complete absence of voicing was a sufficient cue to a [-voice] stop for only 
approximately half of the listeners. For the other subjects, it did not override all 
other cues to a [+voice] stop present in a token containing an original /d/. 
Furthermore, in one set of stimuli the complete absence of voicing was overridden 
for all listeners by a cue or cues present in the original token: it is presumed this was 
the presence of voicing during the release burst. The absence of voicing during the 
closure is thus a weaker cue than the presence of closure voicing.

The second hypothesis was that the difference in the duration of the consonant 
closure found in production may function as an additional cue to the perception of 
[-voice] and [4-voice] stops. This was found to be the case. A lengthened closure 
will cue a [-voice] percept, although only when the closure contains little or no 
voicing: i.e. when it is not conflicting with closure voicing as a cue. A shortened 
closure will cue a [4-voice] stop, although only when there is some closure voicing: 
it does not on its own override the absence of voicing as a cue to a /t/, but can, in 
combination with the closure voicing cue, override all other cues to a /t/ present in 
the original /t/ tokens. The consonant duration therefore does have an effect over 
and above the closure voicing itself, but only has an effect when the closure voicing 
cue is ambiguous: when conflicting with the presence or absence of voicing it does 
not signal a [4-voice] or a [-voice] stop.

Furthermore it was shown that the closure duration itself functioned as a cue in 
addition to the closure voicing cue, and was not simply contributing to a single 
voiced quotient cue. The results indicate that it is the absolute duration of voicing 
which is relevant to perception.

The third hypothesis concerning the perception of the contrast was that the 
differences found in production in the duration of the vowel preceding the stop 
would have a perceptual effect. This was found to be the case, although the effect 
was slight and confined, as was the consonant duration cue, to places on the closure 
voicing continuum where the closure voicing cue itself was ambiguous. Thus it 
functioned as a secondary cue to the contrast, as did the consonant duration, but a 
weak cue.
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Both inter-token and inter-speaker variation was apparent in the strength of the cues 
examined. Thus a particular cue may have greater perceptual importance for one 
speaker than another, and in addition its effect will depend on the other cues present 
in the particular original token used as the basis of the stimuli.

A general conclusion can be reached that in Russian the presence of full or nearly 
full closure voicing is an overriding cue to the contrast; the absence of voicing is a 
weaker cue and one which can be overridden by the presence of voicing at the 
release burst. Both are stronger than the duration of the consonant closure and of the 
preceding vowel, when these two intervals were varied within the range found in 
production. These small production differences did, however, function as secondary 
perceptual cues.

The fact that the production of the voicing contrast in intervocalic position in 
Russian is accompanied by small differences in consonant and preceding vowel 
duration, as in many other languages, presents further evidence of a physiological 
basis to the correlation. There is no support from Russian that an effect of 
consonantal voicing on the duration of the consonant and preceding vowel are 
language-specific rules. This does not mean that the evidence of an absence of a 
vowel duration effect in Polish, Czech and Arabic is negated, but that another 
Slavonic language, Russian, cannot be added to the list of exceptions. This study has 
therefore not disproved that such temporal information is not specified in language- 
specific rules: the findings are not incompatible with such a model. It has, however, 
provided no support for such a model within its main findings with regard to the 
implementation of the voicing contrast.

It is not the fact that a feature or correlate can be explained in physiological terms 
which leads to the conclusion that it is in a particular language: such physiological 
explanations do not in themselves preclude that correlation being a linguistic rule.
As Myers (2000) discusses, there are close correspondences between phonological 
rules and (language-specific or universal) phonetic patterns: for example between a 
phonological rule of assimilation and the phonetic phenomenon of coarticulation. To 
take another example, in the cross-linguistic restrictions placed on final consonants 
(Keating et al., 1983), when a contrast between [4-voice] and [-voice] is neutralised 
in final position it is neutralised towards the [-voice] and not the [4-voice] 
counterpart. Such behaviour might be given an physiological interpretation in terms
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of an early cessation of voicing before a word boundary, particularly when in such a 
language as Russian not only final obstruents and obstruent clusters are devoiced, 
but, optionally, voiced sonorants are also in between the obstruents (Jones and 
Ward, 1969; discussion in 2.4 above). Such an explanation would not lead to the 
conclusion, however, that devoicing of final obstruents was not a language-specific 
phonological rule, applying (with differences in, for example, domain) in languages 
such as Russian, German and Polish but not to, for example, English.

This study has shown, however, that the vowel duration and consonant duration 
effects are gradient processes (for example, Myers, 2000). For example, they are 
affected by context, where significantly smaller differences occur and where not all 
comparisons show a difference. In the case of consonant duration effect, the degree 
of effect is dependent on the manner of articulation, just as the occurrence of partial 
devoicing of [+voice] obstruents was also. The consonant and vowel duration 
effects thus behave in Russian as phonetic rather than phonological processes. 
Cross-linguistic comparisons indicate that they are universal rather than language- 
specific phonetic processes.

Furthermore, the language-internal evidence from word-final devoicing in Russian 
supports a model where the consonant and vowel duration effects are 
physiologically determined universal rules. As discussed above, it is not absolutely 
certain whether the voicing contrast is completely neutralised for all speakers in all 
contexts. What is clear, however, is that a substantial difference in consonant 
duration is clearly and consistently present only in intervocalic, rather than word- 
final, position where there is also a clear and consistent difference in the duration of 
vocal fold vibration. There is no evidence that vowel duration maintains the contrast 
in word-final position; there is strong evidence that it is a correlate of the contrast in 
intervocalic position.

One aspect of temporal structure, however, which does show evidence of language- 
specific variation is that of lengthening effects due to position in the word. The 
present study shows a final lengthening effect in Russian on the consonant but, 
unlike English, not on the preceding vowel. This, together with the fact, as discussed 
in Chapter 3, that Danish shows a shortening effect in this position, leads to the 
conclusion that this particular aspect of structure is subject to language-specific 
variation.

355



This study shows not only that small, possibly physiologically determined 
differences in consonant and vowel duration accompany the voicing contrast in 
Russian, but also that these correlates of the contrast function as perceptual cues and 
are at this level part of speakers’ knowledge. This does not in itself indicate that 
these correlates are determined by low level phonetic rules: a feature such as FI 
transition has been shown to be a cue in English, although it is not under the 
individual speaker’s control to vary independently of the production of voice. It 
does show that these temporal correlates have a linguistic function at the perceptual 
level.

Further work in certain areas would provide additional evidence to clarify some of 
the issues discussed here. Examination of relevant parameters in intervocalic 
position can be extended to cover spectral characteristics, such as burst and frication 
amplitude found to be relevant in other languages, to see whether these also may 
potentially vary across languages and thus be subject to language-specific control. 
The larger the number of parameters examined the clearer the picture will be as to 
which of the multiplicity of cues to the contrast are under the speaker’s control. Part 
of this examination is inter-subject variation, which again will help to show the 
nature of these parameters.

A second strand of investigation would examine further the apparently neutralised 
contrast in word-final position to see firstly whether spectral characteristics 
mentioned above are relevant here: whether the contrast is completely neutralised, 
and again whether there is language-internal evidence for the independence or 
otherwise of these characteristics. Secondly, perceptual experimentation on word- 
final consonants would test whether the small difference found here in the duration 
of voicing and of the consonant can be perceived, although this is unlikely given the 
longer durations which were necessary to affect the percept in intervocalic position, 
and also to test whether there are parameters which speakers are using to distinguish 
underlying [+voice] and [-voice] obstruents.

Finally, in the debate over language-specific and therefore learned as opposed to 
universal rules of production, the study of the stages in the acquisition of the 
contrast may illuminate whether these parameters are under the speaker’s control or 
whether all three, as well as other cues studied in addition, are acquired in 
production altogether, as would be predicted if they are indeed universal 
accompanying characteristics of the voicing contrast.
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Appendices

A p p e n d ix  1: P il o t  r e c o r d in g s

Tables 1 and 2 give the list of target words used in the pilot production study: with 
the target consonant in intervocalic and word-final position. In all words in the 
tables, the vowel preceding the target consonant carries the primary lexical stress. 
Stress is marked in the transcriptions in words of more than two syllables in Table 1, 
and on polysyllables in Table 2.

Transcriptions are of a standard Moscow pronunciation. They show ikanje (HKante), 
where /e/ does not occur in unstressed position but is replaced by /i/ (as in 

/dfiPi'gati/ below, for example^^*.

Some forms show Right-to-Left spreading of palatalisation, for example [s-'l-'] in 

[sfi^epok]. There is some disagreement in the description of such assimilations, as to

which groups of consonants are affected, reflecting variation between speakers. The 
transcriptions here follow Jones and Ward (1969), who describe only the most 
common.

Unless otherwise indicated, nouns and adjectives are in the nominative case and 
adjectives in the masculine form.

Table 1: Intervocalic consonants

phonetic gloss phonetic gloss
transcription transcription

/p/ Ibl

cyna supo soup (GEN) 3y6a zubo tooth (GEN)

rjiynwH glupij stupid Kjiydbi klubi clubs

Tpynbi trupi corpses Tpydbi trubi pipes

cjienoK gjpEpok mould xjieôa xl^ebo bread (GEN)

jrana Ifipo lime tree pbiôa riba fish

THUa tfipo type (GEN) «yba dubo oak (GEN)

jiana laps paw

as transcribed in, for example, Lapidus and Shevtsova (1963), Jones and Ward (1969)
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/t/
ôpara brats

(^O T oannapaT a fs tA A p A 'r a ts  

nejieraTbi d îPi'gati

CBexa

oAeTtm

H O T bl

noHMëTe

noTa

4)JioTa

caMOJiëTa

jieTa

sv^ets

A'detij

noti

pAj'm̂ ôt̂ i

pots

flots

ssmA'Pots

Pets

/d/
brother rpa%a grads hail (GEN)

(GEN)

camera pa%a rads glad (FEM)

delegates rajtbi gadi reptiles

light iHBeqa j'v^eds Swede (GEN)

(N:GEN)

dressed ACflbi dedi grandfathers

notes (N) MO)(LI modi fashion (GEN)

understand Më%a m^ods honey (GEN)

(2PL:PRES)

sweat (GEN) rofla gods year (GEN)

fleet (GEN) xo%a xods course (GEN)

aeroplane po%a rods kind (N:GEN)

(GEN)

summer BM%a v4ds view (GEN)

(GEN)

p%%a

rpy^a

ca%a

r^ads

gruds

sads

row (N:GEN) 

heap

garden (GEN)

[k]
jiyKa luks onion (GEN)

[g]
jiyra lugs meadow (GEN)

jiiOKy Puku hatch (DAT) lory jugu south (DAT)

Myxa muks torment Kpyry krugu circle (DAT)

BCKa v^eks century CHcra s-'n-'egs snow (GEN)

Hpaxa draks

(GEN) 

fight (N) Apyra drugs friend (GEN)

3HaKa znaks sign (GEN) pora rogs horn (GEN)

MHra

4>Hra

m^igs

f ig s

moment (GEN) 

fig (GEN)
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[kJ]
nOpOKH pA'rok^i faults (N) nOpOFH pA'rog-’i rapids

CTpOKH strok^i lines CTporHH strog^ij severe

KpHKH kr4k^i shouts (N) KHHra kn^ig^i books

rpeKH gr^ek^i Greeks

mëKH piok^i cheeks

/f / /v /
rpa(J)i>i graft counts (N) npafibiH pravij right

iHKa({)a Jkafa cupboard cjioBa s lo v s word (GEN)
(GEN)

mecj)a J*ef9 boss (GEN) HOBblH n o v ij new

/si izi
KOCbl k o s i plaits K03bl k o z i goats

Hoca n o s9 nose (GEN) posa r o z s rose (N)

cnpocbi sp rosj demands (N) cjiësbi gjpozi tears

jiecy P esu wood (DAT) jieay Vezu climb

(1SG:PRES)
6aca b a ss bass (GEN) basa b a z s base

Haca tja s s hour (GEN) rasa g a z s gas (GEN)

Tpycbi trusi cowards rpysbi g ru zi loads

pHca r 4 s s rice (GEN) npnsa pr^izs prize (GEN)

Kpbica k n s s rat FJiasa g la z s eye (GEN)

Basa v a z s vase

Bysa v u z s college (GEN)

/zV
CB5ISH sv^æz^i connection^

rpyiim gruji pears M yxa m u3S husband (GEN)

Mbmm mij'i mice njiHXH plja3i beaches
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Table 2: Word-final consonants

phonetic gloss phonetic gloss
transcription transcription

/p/ /b/
cyn sup soup 3y6 zup tooth

rjiyn glup stupid Kjiyb klup club

Tpyn trup corpse Tpy6 trup pipes (GEN)

cjien s^Pep blind xjie6 xlep bread

aHTHjion Ant^i'lop antilopes jio6 lop forehead

(GEN)

Tyn tup blunt flyb dup oak

jian lap paws (GEN) pa6 rap slave

Jinn Pip lime trees pbi6 rip fish (GEN:PL)

(GEN)

THn Pip type (N) ry6 gup lips (GEN)

m /d/
6par brat brother rpa« grat hail

(J)OToaiinapaT fatAApA'rat camera pa« rat glad

qejieraT d^iPi'gat delegate rafl gat reptile

CBCT sv-’et light (N) niBe)( Jvet Swede

oqeT A^Pet dressed d^et grandfather

pOT rot mouth pofl rot kind (N)

njiOT plot raft HJIOA plot fruit

HOT not notes (GEN) MOfl mot fashions

(GEN)

HOT pot sweat noA pot under

OT ot from roA got year

4)JI0T flot fleet xoA xot course

noHMëT pAj'mJot understands MëA m^ot honey

(3SG:PRES)

caMOjiëT samA'Pot aeroplane jiëA Pot ice
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npyx prut twig npyA prut pond

Kpyr krut steep rpyA grut heaps (GEN)

Hecyr I'silt carry cy% sut judgment

(3PL:PRES)

IipiT f l i t shield BHfl v^it view

JICT Vet years (GEN) cjien s^Pet track

PBA r^at row

caA sat garden

/kJ /g /
jiyK lu k onion jiyr lu k meadow

JIK)K Vuk hatch lor ju k south

MyK m u k torments Kpyr kruk circle

(GEN)

pyK ruk arms (GEN) Apyr druk friend

BCK v^ek century CHcr s%^ek snow

CTpOK Strok lines (GEN) CTpor Strok severe

nopOK pA'rok fault nopor pA'rok threshold

mëK Pick cheeks (GEN) por rok horn

KpHK krÛk shout KHHF kn^ik books (GEN)

rpcK gr^ek Greek (N) MHF m 4k moment

cyK su k bough 4 >hf f>ik fig

ApaK drak fights (GEN)

3H&K zn a k sign

/f / Iy I
rpac}) g r a f count (N) npaB p r a f right

iiiKac}) J k a f cupboard CJIOB s lo f words (GEN)

lue^) J e f boss *HB 3 i f alive

HOB n o f new

JICB P e f lion
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/s/
KOC

poc

cnpoc

HOC

kos

ros

spros

nos

/z/
plaits (G E N ) ko3

grew

(M A SC iSG :

PA S T )

demand

nose

p03

CJlë3

Bë3

kos

ros

s^Pos

v^os

jiec Pes wood Jie3 Pes

6ac bas bass 6a3 bas
Bac vas you Ba3 vas

(2P L :A C C )

norac pA'gas (a light) went ra3 gas
out (M A SC :

SG : PA ST )

Hac tjas hour pa3 ras
Tpyc trus coward rpy3 grus
njHoc pPus advantage By3 vus
pHC r̂ is rice npH3 prÜs
Kptic kris rats (G E N ) rjiaa glas
JIHC Pis foxes (G E N )

Bee v-’es weight

oc os wasps (G E N )

/sV /zV
3)̂ ecb z-’d̂ es-' here CBH3B sv^æs

goats (G E N ) 

roses (G E N )

tears (G E N )

transported

(M A SC iSG :

PA ST )

climbed

(M A SC ;SG :

PA S T )

bases (G E N )

vases (G E N ) 

gas

time

load

college

prize

eye

connection
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w
Majibim mA'liJ* kid

/ y
JIbI>K 1*1 skis (GEN)

yHflëuib uj'dJoJ leave ëac jo j hedgehog

rpym gruj

(2SG:PRES) 

pears (GEN) My)K husband

Mbniib mij mouse njiH)K pPaJ beach

yac u j grass snake

388



A ppen d ix  2: Ta r g e t  w o r d s a n a ly sed  in  th e  pr in c ipa l  pr o d u c tio n  

STUDY (Moscow)

Table 1: Intervocalic consonants

transliteration phonetic gloss 
transcription

transliteration phonetic gloss 
transcription

rota

flota

kruto

luka

poroka

stroki

lesu

kosy

sprosa

basa

chasa

roto

'floto

'kruto

'luko

pA'roko

'strokh

'Pesu

'kosi

'sproso

'baso

'tjaso

company roda

fleet
(GEN)

sharply

onion
(GEN)

fault
(GEN)

lines

wood
(DAT)

plaits

demand
(GEN)

bass
(GEN)

hour
(GEN)

broda

gruda

luga

poroga

strogij

lezu

kozy

roza

baza

vaza

'rods

'brodo

'grudo

'lugs

pA'rogo

'stroghj

'Pezu

'kozi

'rozo

'bazo

'vazo

kind
(N:GEN)

ford

(GEN)

heap

meadow
(GEN)

threshold
(GEN)

severe

climb
(lsg:PRES)

goats

rose

base

vase
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Table 2; Word-fînal consonants

transliteration phonetic
transcription

gloss transliteration phonetic
transcription

gloss

rot rot companies
(GEN)

rod rot kind (N)

plot plot raft plod plot fruit

prut prut switch prud prut pond

luk luk onion lug luk meadow

porok pA'rok fault porog pA'rok threshold

Strok Strok lines
(GEN)

strog Strok severe

les hes wood lez Pes climbed

kos kos plaits
(GEN)

koz kos goats
(GEN)

ros ros grew roz ros roses
(GEN)

bas has bass baz bas bases
(GEN)

vas vas you (GEN) vaz vas vases
(GEN)
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Table 3: Sentences containing target words (transliterated)

Kozel’tsev uvidel, kak poshla v ataku ego rota.

Chuvstva Mashi k nemu byli strannogo roda.

Vojna potrebovala polnogo naprjazhenija sil i ot armii, i ot flota.

Na protjazhenii pjatnadtsati kilometrov my otmetili tridtsat’ dva broda. 

Doroga vse eshche shla v goru, xotja uzhe ne tak kruto.

Gruda pisem lezhala pered Ulej na stole.

Ol’ga kupila dve golovki luka.

Loshad’ vsegda pasetsja v seredine luga.

Ne podumajte, chtoby ja govoril eto iz lesti; net, ne imeju etogo poroka. 

Mitja voshel v komnatu i, uvidev menja, ostanovilsja u poroga. 

Lavrovskij vyvodil prekrasnym pocherkom rovnye stroki.

Etot nachal’nik strogij.

Putniki s trudom probiralis’ po gustomu lesu.

Gora, na kotoruju ja  lezu, ochen’ vysokaja.

U Kati byli dlinnye kosy.

V poljax pasutsja korovyj, ovtsy i kozy.

Uvelichenie sprosa po-raznomu vlijaet na uroven’ tsen produktov.

V sadu byla ochen’ krasivaja roza.

V xore bylo pjat’ tenorov i dva basa.

V Al’pax naxodilas’ geologicheskaja ekspeditsionnaja baza.

Poezdka potrebuet okolo chasa.

Mne ochen’ nravitsja eta frantsuzskaja vaza.
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A p p e n d ix  3: S u b je c t s  o f  t h e  p r o d u c t io n  s t u d y

Details of the eight subjects whose recordings were analysed in the principal 
production study.

age:

M/F:

Smoker/Non-S.

Judina, Tat’jana Petrovna

32

F

S

Occupation:

Place of birth:

Years resident in 
Moscoŵ "̂ :̂

research assistant 

Moscow

10 Novikov, Mikhail Vladimirovich

age: 21 Occupation: student

M/F: M Place of birth: Moscow

Smoker/Non-S.: S Years resident in 
Moscow:

11 Litvinova, Ljudmila Valer’evna

age: 20 Occupation: student

M/F: F Place of birth: Moscow region

Smoker/Non-S.: NS Years resident in 
Moscow:

10

13 Zechixin, Dmitrij Borisovich

age: 23 Occupation: student

M/F: M Place of birth: Moscow

Smoker/Non-S.: NS Years resident in 
Moscow:

for those subjects not bom in Moscow
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16

age:

M/F:

Smoker/Non-S.

Markidonova, Irina Vladimirovna

19

F

NS

Occupation:

Place of birth:

Years resident in 
Moscow:

student

Vladivostok

13

17

age:

M/F:

Smoker/Non-S.

Vinokurova, Elena Gennad’evna

19

F

NS

Occupation:

Place of birth:

Years resident in 
Moscow:

student

Moscow

18

age:

M/F:

Smoker/Non-S.

Kravchenko, Elena Nikolaevna

20

F

NS

Occupation:

Place of birth:

Years resident in 
Moscow:

student

Krasnodar

18

19

age:

M/F:

Smoker/Non-S.

Lashchinskaja, Irina Aleksandrovna

21

F

NS

Occupation:

Place of birth:

Years resident in 
Moscow:

student

Moscow region
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A ppen d ix  4: Subjec ts  in  per c eptu a l  ex pe r im e n t  in  M o sc o w , June  1989

Group 1

Code Name M/F Age Place o f birth Years resident Occupation
in Moscovf^^

1 Dzhabarov, 1. M 25 Moscow

Vladimirov, A. M 33 Moscow

3 Ljubarskij, A. M 25 Moscow

Judina, T. F 33 Moscow

Muljukin, N. M 40 Moscow

Eroshin, A. M 28 Rjazan’ 
(Russia)

Ustimenko, A. F 21 Moscow

8 Popova, M.

3 yrs

F 18 Petropavlovsk 15 yrs 
(Kamchatka)

Gostev, P. M 20 Moscow

10 Novikov, M. M 22 Moscow

11 Kanchenkov, D. M 24 Moscow

12 Korotkova, I. F 20 Moscow

13 Smus’,M. F 37 Moscow

14 Kobzarenko, O. F 24 Belgograd, 9 yrs
Ukraine

lab.
technician

engineer

student

research
assistant

engineer

English
teacher

student

lab.
technician

technician

student

lab.
technician

student

English
teacher

teacher

for those subjects not bom in Moscow
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16 Markidonova, L F 21 Vladivostok 14 yrs

18 Kushnareva, L F 24 Moscow

20 Malyshko, D. M 22 Pjandzh, 20 yrs
Tadzhikistan

21 Stepanova, I. F 21 Moscow

22 Alpeeva, O. F 18 Moscow

23 Egumova, E. F 22 Moscow

37 Galeev, R. M 17 Moscow

student

German
teacher

student

student

secretary

English
teacher

lab.
technician

Group 2

Code Name M/F Age Place o f birth Years resident Occupation
in Moscow

15 Alekseev, D. M 17 Moscow

17 Taxtamyshev, M 21 Moscow
K. region

19 Tsybukov, E. M 17 Moscow

24 Antonov, A. M 22 Moscow
region

25 Antonova, M. F 21 Moscow

36 Ratnikov, V. M 18 Moscow
region

worker

engineer

lab.
technician

engineer

technician

lab.
technician
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Group 3

Code Name M/F Age Place o f birth Years resident Occupation
in Moscow

26 Timoshenko, N. F 23 Moscow

27 Ganykina, M. F 30 Moscow

28 Adamova, T. F 29 Moscow

29 Shorozov, V. M 32 Moscow

31 Mishukov, A. M 22 Moscow

32 Skopintseva, T. F 28 Moscow

33 Dolgov, O. M 19 Moscow
region

34 Arakel’jants, N. F 19 Moscow
region

35 Shevchenko, P. M 23 Moscow

student

teacher of 
English & 
French

hairdresser

research
worker

30 Shoborova, E. F 32 Taganrog, no information journalist
Rostov region given 

(Russia)

economist

post
graduate
student

student

student

student
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