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Abstract

THE ACOUSTIC CORRELATES OF THE VOICING DISTINCTION 

IN FRENCH COGNATE STOPS 

by

Nassima Babaci Abdelli-Beruh 

Advisor: Professor Lawrence, J. Raphael

Both English and French contain stops that contrast phonologically in voicing. However, 

the phonetic-acoustic realizations o f  the phonological contrast differ markedly across 

languages. Furthermore, these phonetic-acoustic realizations vary within each language as 

a function o f  contextual variations (e.g. prosody, phonetic contexts, speaking rate). This 

study examines how' some acoustic parameters (aspiration duration, closure duration, 

phonation during stop closure, preceding vowel duration) vary with specific contextual 

variables in sentence-length utterances spoken by native French speakers. These 

contextual variables include: the voicing class o f  the sounds adjacent to the target stop 

(vowel vs. unphonated consonant); the position o f  the stop within a word (syllable-initial, 

-final); the place o f articulation o f  the target stop (labial, alveolar, velar); and the identity 

o f  the vowel within the word in which a stop occurs (e, o). Twenty-one CvC syllables

were embedded in two different sentence contexts: In the /pa/ context, the
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sentence was /il a di pa CvC a lui/. In the /pas/ context, the sentence was /il a di pas CvC 

sa lui/. Nine speakers were asked to place prominent stress on the CvC. Results show that 

in the /pa/ and /pas/ contexts, the duration o f the vowel /a/ in /pa/ (/pa/:vowel), the 

Cvc:initial closure duration, the Cvc:aspiration duration, and the presence vs. absence of 

phonation in the Cvc:initial closure distinguish statistically word-initial /b, d, g/ from 

word-initial /p, t, k/. In the /pas/ context, speakers use one additional articulatory/acoustic 

feature differentially: the /s/ o f /pas/ (/pas/:/s/) is consistently un-phonated in anticipation 

o f /p, t, k/ (produced acoustically as [s]). But /s/ is consistently phonated (produced 

acoustically as [z]) in anticipation o f /b, d, g/ which is indicative o f regressive voicing 

assimilation that occurs 150 ms before a phonologically voiced stop. Additional results 

show that the voicing distinction is maintained for word-final stops in the /pa/ context, 

whereas neutralization occurs in the /pas/ context. The present results also clearly 

demonstrate differential context sensitivity, where some measures are sensitive to the 

word-stop position while others are sensitive to the addition o f  a voiceless phone (/pas/ 

context). No voicing by place o f articulation effect was evidenced.
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CHAPTER I

INTRODUCTION

In English, the distinction between the phonologically voiced stops, /b, d, g/, and 

the phonologically voiceless stops, /p, t, k/ (as in the contrast between "back and pack") is 

conveyed by a set o f physiological, acoustic-phonetic and perceptual features. This set o f 

features differs from those conveying the distinction in other languages (e.g. French) 

which may have a similar number o f  phonological (cognate) oppositions. The differences 

between feature sets causes difficulty for native speakers o f a language who are trying to 

produce and perceive the non-native phonemes o f a second language. In addition to 

cross-linguistic differences, the acoustic-phonetic features that convey the oppositions 

within a language vary as function o f  the position o f  the stop within the word (syllable- 

initial. -medial, -final), the surrounding phonetic context (vocalic vs. consonantal; 

phonated vs. unphonated), the speaking rate (slow, "normal", fast), the style 

(overarticulated, more natural speech), the prosody (e.g. heavily stressed vs. weakly 

stressed syllables), the pattern o f preferred syllabic structure ("syllabation ouverte," 

"syllabation fermee") (Laeufer 1992, 1996 a, b: Umeda, 1977, Delattre, 1953).

PURPOSE

The goal o f the present study is to establish how variations in phonetic context 

affect the various acoustic correlates (i.e. aspiration duration, closure duration, closure 

voicing, vowel duration) which may serve to differentiate voiced from voiceless stops in 

French connected speech. We expect that the contribution o f  each parameter will vary
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from one phonetic context to another. We also anticipate that some o f the acoustic 

features that contribute to the phonological distinction will be different in word-initial vs. 

word-final position, while other features will be stable across contexts.

While the voicing contrasts between English stops have been studied extensively, 

less research has been conducted with French stops. Much o f the published research in 

French has analyzed citation-forms read from lists read at relatively slow rates 

(Caramazza & Yeni-Komshian, 1974; Mack 1982) There are also few studies o f stop 

voicing contrasts in continuous speech in French (Laeufer, 1992, 1996a, b). In her 

studies, Laeufer used phonetically unbalanced contexts that might have affected the 

phonetic-realization o f  the phonological voicing contrast irrespective o f  the voicing class 

o f the target stops: In all three studies, Laeufer (1992, 1996, a,b) used !\l before the word- 

initial stops and /a1 following the word-final stops. Furthermore, the durations she 

reported in all three studies were similar to citation speech values, which suggest that her 

speakers used over-articulated speech. Thus, this raises the possibility that her results are 

not generalizable to conversational speech in French. The current study was designed to 

improve on Laeufer’s studies: 1) by using a better controlled phonetic environment with 

the same vocalic context for word-initial and word final stops, 2) by ensuring that 

speakers use near normal average speaking volume and rate. This study was also 

designed to gain information concerning the influence o f phonetic contexts other than a 

vocalic environment on the phonetic-acoustic realizations o f the phonological voicing 

distinction. In this study and for the first time, the influences o f vocalic and unphonated 

consonantal environments on the phonetic-acoustic features o f the voicing distinction 

were compared to assess whether an unphonated phonetic environment would neutralize
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the voicing-related differences. Finally, the interaction o f place o f articulation with 

voicing class was thoroughly examined.
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CHAPTER II

LITERATURE REVIEW 

Production o f the Stop Consonant Voicing Distinction 

The Articulatory/Phonetic Realization o f  the 

Voicing Distinction in Syllable-Initial Position 

For the phones [b, d, g] (phonated, unaspirated stops), the vocal folds are 

adducted before or shortly after the oral closure and they vibrate through the closure, the 

release and the vowel onset. For the phones [p \  t-, k~] (unphonated, unaspirated stops), 

the vocal folds are abducted (i.e., the glottis is wide open) at the time o f the oral closure 

and they close around or very shortly after the oral release. For the phones [p \ th, kh] 

(unphonated, aspirated stops), the vocal folds are abducted throughout the oral closure 

and the oral release, and attain phonatory position only at the time o f the vowel onset. No 

phonation occurs during the closure period for [p“, f , k‘] and [p \  th, kh] because the 

separation o f the vocal folds offers no resistance to airflow and because there is no 

pressure difference between the supra- and sub-glottal cavities (Borden et al, 1994).

Lisker & Abramson (1964, 1967) have shown that the relative timing o f laryngeal 

events (adduction and onset o f  vibration o f  the vocal folds) and supra-glottal events (oral 

and velopharyngeal closure and release) differentiates stops o f different phonological 

voicing classes in initial pre-stressed position in English and in 10 other languages. The 

position and the vibratory state o f  the vocal folds at the time o f the oral closure and oral 

release determine the temporal value o f  Voice Onset Time (VOT). VOT is classically 

defined as the time interval between the first sign o f the release o f oral occlusion and the
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onset o f  phonation. By convention, when periodic pulsing precedes the release o f the 

consonant, VOT is negative (voicing lead). When the onset o f  periodic pulsing occurs 

after stop release, VOT is positive (voicing lag).

Acoustic Features

The timing differences between the onset o f phonation relative to the release of 

the oral closure generate acoustic features that distinguish voiced from voiceless stops. In 

English, the following features differentiate /p, t, k/  from /b, d, g/ in syllable-initial pre­

stressed position (e.g. “back” vs. “pack”): degree o f aspiration, degree o f first formant 

attenuation and burst intensity (Lisker and Abramson, 1964, 1967; Liberman, Delattre & 

Cooper, 1958; Lisker, 1957). The duration o f aspiration grows as a function o f VOT: the 

longer the VOT (i.e. the more delayed the glottal closure and onset o f vocal fold vibration 

relative to oral closure, the longer the duration o f aspiration). No physiological data 

concerning these features are available for French;, Caramazza & Yeni-Komshian (1974) 

and Flege (1987) among others have provided acoustic data.

For English /p, t, kI realized as [p \ t \  kh], when the oral closure is released, the 

high air pressure accumulated in the vocal tract is released suddenly and unimpeded 

turbulent air rushes from lungs through the open glottis and upper vocal tract. The sudden 

release o f  energy translates acoustically into a transient burst o f noise (most cften 

between 10 and 20 ms in duration) followed by the turbulence usually termed aspiration. 

For /b, d, g/, realized as [p=, t=, k=], the release is weaker since less air pressure is allowed 

to build up (the glottis is closed shortly before or at the moment o f consonant release). In 

addition, there is little or no aspiration as the closed glottis prevents any massive flow of 

air from rushing upwards from the trachea. For [p \  th, kh], the first formant energy is
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attenuated until phonation begins. This first formant attenuation is ascribed to damping o f 

energy in the F 1 region by the trachea and lungs. The damping o f  energy is caused by an 

elongation o f the back (pharyngeal) resonating cavity into the trachea, because o f the 

open glottis: this articulatory configuration lowers FI frequency because it requires a 

greater amount o f energy than is supplied to maintain the FI resonance at an elevated 

amplitude.

Word-initial stops

Speech is a complex phenomenon. To simplify its examination, seminal studies 

have been carried out on using synthetic or natural isolated syllables or words. Normal 

conversational speech is rapid and informally articulated, and thus marked by 

coarticulation that is relatively extensive compared to that found in most citation-form 

speech. Hence, results obtained from studies using citation-form speech and connected 

speech may lead to different conclusions with regard to the contribution o f  various 

acoustic features to [involved in] the phonemic distinction between [b, d, g] and [p, t, k].

Citation speech studies: Voice Onset Time (VOT) in various languages.

Lisker & Abramson (1964) showed that VOT distinguished phonetic categories o f 

stops in initial prevocalic position in all but one o f 11 languages whether the languages 

had 2 or 3 phonological categories at each point o f articulation. In the two-category 

languages, /b, d, g/ and /p, t, k/ could be, respectively, voiced unaspirated and voiceless 

unaspirated (e.g. Puerto Rican Spanish) or voiceless unaspirated and voiceless aspirated 

(e.g. American English). In the three-category languages, the phonemic distinction 

among homorganic stops could be phonetically realized as voiced unaspirated, voiceless 

unaspirated and voiceless aspirated stops (e.g. Thai) or as voiceless unaspirated, voiceless
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slightly aspirated and voiceless aspirated stops (e.g. Korean). Finally, four-category 

languages, such as Hindi, employed the full combination o f voiced unaspirated and 

aspirated and voiceless unaspirated and aspirated stops. In words spoken in isolation, 

VOT differentiated the phonetic categories in all but one o f the four-category languages. 

None o f  the 2-category language used the endpoints o f the VOT spectrum ([e.g.] i.e., 

voicing lead versus long lag) and the modes o f the VOT distributions representing each 

phonetic category were separated by no more than 150 ms. Despite differences in VOT 

means and ranges from language to language, VOT categories displayed 3 median 

values: -100 ms (voicing lead), +10 ms (short lag), +75 ms (long lag). In all languages, 

there were few data points displaying low negative values.

VOT studies in English and in French.

In English initial pre-stressed /b, d, g/, voicing lead is infrequent and short voicing 

lag is predominant in citation form (Lisker & Abramson, 1964, 1967). Zlatin (1974) also 

found that the primary mode o f production for /b, d, g/ was short voicing lag. She 

reported VOT values that ranged from +8 ms to +23 ms while Lisker & Abramson (1964, 

1967) reported a broader range (0 ms to 21 ms). But Zlatin (1974) noted that 9 o f 20 

speakers used voicing lead for all /b, d, g/ "with percentages varying between 3.3 and 

100" (p. 986). She found that 33% o f the single-word productions o f /b, d, g/ were 

characterized by voicing lead with a large variability from -20 ms to -150 ms, centered 

around a mean lead time o f -81 ms. Lisker & Abramson (1964) also reported that the 

distributions o f  /b, d, g/  were bimodal for English speakers with modes at about -100 ms 

[b, d, g] and at 0 ms [p=, f , k=]. Lisker & Abramson (1967) estimated that physiological 

measures were necessary in order to explain why /b, d, g/ had two ranges o f  VOT values.
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VOT distributions for [ph, th, kh] were unimodal with VOT values greater than 40 ms 

(Lisker and Abramson, 1964). Finally, the range of VOT values [distributions of] for 

[p~, f , k~] was smaller than those for [ph, t \  kh].

In French, the same phonemic oppositions have different phonetic realizations. 

Caramazza & Yeni-Komshian (1974) requested monolingual speakers o f  Metropolitan 

French (UF), o f  Canadian French (UCF) and of Canadian English (UCE) to produce 

stop + [a] syllables. They used nine words in each language for each o f  the six stop 

consonants. No minimal pairs were used. A total o f 54 French and 54 English words were 

used. Caramazza & Yeni-Komshian (1974) found that monolingual French (UF) speakers 

from the Western part o f  France "produced voiced consonants with VOT values almost 

exclusively in the voicing lead (negative) region" (Caramazza & Yeni-Komshian, 1974, 

p. 242.) (mean and mode values not reported). Initial /b, d, g/ uttered by UF speakers 

were produced with voicing lead 94% o f the time and with voicing lag 5% o f the time. 

The frequencies o f voicing lead were: /b/= 26, /d/= 29, /g/= 29; the frequencies o f  voicing 

lag were: /b/= 3, /d/= I, /g/= 1. Syllable-initial /p, t, YJ uttered by UF speakers were 

produced with short voicing lag (mean and mode values unknown) that were significantly 

smaller than the values produced by either monolingual Canadian French (UCF) or 

monolingual Canadian English (UCE) speakers. Results indicated that both Metropolitan 

French (UF) and Canadian English speakers (UCE) produced VOT distributions that 

were non-overlapping. However, monolingual French Canadian speakers (UCF) 

produced VOT values that were intermediate to those o f  the monolingual French (UF) 

and English (UCE) speakers for all stops and the VOT distributions o f the voiced and 

voiceless stops overlapped.
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In summary, in English, phonological voicing does not mean that phonation 

constitutes the necessary distinctive feature that speakers employ to make a phonemic 

distinction with phonologically voiceless cognates. It only means that /b, d, g/ and /p, t, k/ 

belong to "opposing" linguistic/phonemic categories. However in French, phonation is an 

articulatory feature that distinguishes the two phonological categories. French and 

English differ in their linguistic usage o f  the 3 phonetic categories ([b, d, g], [p=, f ,  k=] 

and [p \  th, kh]). Both employ the short voicing lag (i.e., voiceless, unaspirated) category, 

but English speakers use it for /b, d, g/ and French speakers use it for /p, t, k/.

VOT and place o f  articulation.

Lisker & Abramson (1964) showed that in English and in citation speech the 

members o f each contrasting pair (/p-b, t-d, k-g/) have distinctive and non-overlapping 

VOT values. The mean VOT values o f stops with VOT in the lag range varied 

systematically with the place o f occlusion/articulation: VOT values increased as the place 

o f  articulation moved back into the oral cavity (/b/=l ms, /d/=5 ms, /g/=21 ms and /p/=58 

ms, /t/=70 ms , /k/= 80 ms ) (Lisker & Abramson, 1964). Zlatin (1974) found a similar 

relationship between place o f  articulation and VOT, but reported that the significant 

differences were primarily attributable to comparisons between labials and velars while 

the labial/alveolar difference was not significant. Zlatin (1974) added that place o f 

articulation also affected production o f  stops with voicing lead: mean lead values grew 

gradually shorter as the place o f  articulation moved back in the oral cavity from labials to 

velars. "These means were most likely offset not by the alterations in the use o f  lead 

time.., but by the use o f  longer mean lag times for voiced stops" (Zlatin, 1974, p. 986). 

This influence o f  place o f  articulation on VOT is maintained across a wide range o f
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speaking rates (Lisker & Abramson, 1967; Miller & Volaitis, 1989; Volaitis & Miller, 

1992). Caramazza & Yeni-Komshian (1974) did not examine the effect o f place o f 

articulation on VOT among Canadian or French speakers.

Studies o f  speech in sentence context.

Lisker & Abramson (1967) asked the same speakers who had produced the 

isolated words in their 1964 study to say the same words in sentences at different 

speaking rates. It was difficult to measure VOT unless the word-initial stop was also in 

sentence-initial position as phonation often continued unbroken during the closure 

intervals o f  sentence-medial stops. For a stop in medial phonetic context, VOT does not 

reliably distinguish the members o f each cognate pair (i.e. VOT distributions 

overlapped). The overlap o f  the distributions always reflected a decrease in the [p \  th, kh] 

VOT distributions. The overlap could not be attributed to greater variability since VOT 

values in sentences were less variable and shorter. Lisker & Abramson (1967) suggested 

that this reduction in VOT could be taken as evidence for alternative acoustic features 

whose contribution could be redundant in careful speech (citation speech) but 

indispensable at more normal speaking style.

In French, there is no study that reports the descriptive values for each voicing 

category and hence it is impossible to establish a direct comparison with the English data. 

Furthermore, studies differ with respect to the position o f  the syllable within the sentence. 

Laeufer (1996a) used phrase-medial and phrase-final position and Durand (1985) used 

sentence-final position. In addition, results indicate that durational features other than 

VOT (e.g. consonant closure duration, preceding vowel duration) are sensitive to the
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position o f the word in the sentence (Laeufer, 1992, 1996a,b; Luce & Charles-Luce, 

1985; Stathopoulos & Weismer, 1984; Suen & Beddoes, 1974).

Laeufer (1996a) used monosyllabic words embedded in short sentences and found 

that 23% of initial French /b, d, g/ were on average produced with short-voicing lag 

(about 12 ms) and 77% were produced with voicing lead (average unreported). She found 

that initial French /p. t, k/ were produced with short voicing lag (mean = 24 ms (/p/=14 

ms, /t/= 18 ms, /k/=30 ms) and with small speaker variability (value unreported).

Consonant closure duration in English and in French.

The closure interval or “silent” interval observed on a spectrogram represents the 

duration o f the oral/velopharyngeal closures required for the production o f  oral stops. 

Closure duration varies as a function o f  a number o f  factors, one o f  which is the voicing 

classification o f the consonant. Luce & Charles-Luce (1985) found that English /p, t, k/ 

were produced with longer closure durations than English /b, d, g/ by about 18 ms in 

sentences (mean /b, d, g/ = 68 ms, mean /p, t, k/ = 86 ms). In word-initial position 

followed by a stressed vowel, however, many studies reveal that English /b, d, g/ are 

slightly longer than English /p, t , k/ (Laeufer, 1996a; Lisker, 1977; Stathopolous & 

Weismer, 1983; Umeda, 1977). Laeufer (1996a) reported a small difference o f 8 ms 

(mean English /p, t, k1- 97 ms; mean English /b, d, g/ = mean 105 ms).

In French, Laeufer (1996a), reported that word-initial /p, t, k/ closures were longer 

(139 ms) than those o f  word-initial /b, d, g/ (118 ms) by about 21 ms. O'Shaughnessy

(1981) reported a similar difference using a French Canadian speaker. Laeufer (1996a) 

added that her findings were consistent with those o f  previous studies (Wajkop, 1978; 

Durand, 1936; Simon, 1967).
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Overall, a slight difference exists between the closure durations o f  word-initial /p, 

t, k/  and word-initial /b, d, g/ in both languages. Also, the direction o f  the difference is 

less consistent in English than in French, which raises the question o f  whether closure 

duration can serve to differentiate the two voicing categories at the production level and 

whether it carries perceptual significance. In their production study, Luce & Charles- 

Luce (1985) have contended that, in English, closure duration did not reliably distinguish 

the two categories in half o f the sentences they analyzed.

Phonation during closure.

French and English speakers differ dramatically in the percentage o f stops that are 

phonetically voiced (i.e., phonated): Laeufer (1992) found that 77% o f the total number 

o f /b, d, g/ closures were phonated by French speakers while only 18% o f the /b, d , g/ 

closures were phonated by English speakers. Laeufer (1996a) also found that French 

speakers fully phonated /b, d, g/ closures (i.e. that phonation ran through the entire 

closure interval) in 34% o f the cases while English speakers did so in only 3% o f the 

instances.

The effect o fp lace o f  articulation on closure duration.

In agreement with Umeda (1977), Stathopoulos & Weismer (1983) and Suen & 

Beddoes (1974), Luce & Charles-Luce (1985) found that the mean values for alveolar 

stop closure durations were the shortest and that those for labials the longest. Velar stop 

closures had intermediate values. Suen & Beddoes (1974) have posited that the 

differences in duration can be attributed to differences in muscular effort required by the 

articulators to reach their final position: "since lips are less mobile than the back of the 

tongue, which is less mobile than the tip o f the tongue (Hudgins and Stetson, in Lehiste
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1970), it may be expected that shorter SI (i.e. silent interval) [closure duration] is 

achieved by the most mobile articulator to reach its final articulatory position (Suen & 

Beddoes, 1974, p. 131). Suen & Beddoes (1974) found this place o f  articulation effect in 

all stop positions in a word and for all combinations o f  voicing and stress. Furthermore, 

the difference between labials and stops that are produced in other places o f articulation 

was largest in word-final position. The difference in closure duration between cognates, 

however, was about the same across place o f articulation: Stathopoulos & Weismer 

(1983) reported that /p, t, k/  closures were longer than /b, d, g/ ones and unaffected by 

place o f articulation.

Summary’.

Many phonetic features reliably distinguish word-initial /b, d, g/ from /word- 

initial /p, t, k/ in very specific contexts: VOT reliably differentiates the two phonological 

categories in both English and French, but only in the context o f words read in isolation. 

Closure duration differences related to the voicing classification o f  the stops are small in 

both languages, suggesting that closure duration may not be a salient perceptual cue. 

Phonation during closure is predominant in French /b, d, g/ (Laeufer, 1992) while it is 

less common in English /b, d, g/ (Zlatin, 1974, Lisker & Abramson, 1967). Finally, it is 

likely that context-dependent spectral measures (e.g. FI onset frequency) participate to 

mark the voicing distinction. Overall, for French there is much less information available 

than for English. The proposed study is designed to provide this information.

Word—fin a l stops

In English, various acoustic features mark the voicing distinction between stops 

following a stressed syllable: preceding vowel duration, formant transitions into the
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articulatory closure, phonation during the closure interval (closure voicing), duration o f 

the closure interval, FI offset frequency, and initial (post-release) formant transitions. As 

in initial stops, the articulatory-acoustic realizations o f stops in word-final position vary 

with context.

Closure duration in English and in French.

There is a consensus that English word-final /p, t, k/  closures are longer than those 

o f word-final /b, d, g/ (Stathopoulos & Weismer, 1983). Suen & Beddoes (1974) reported 

that in citation speech the difference was o f about 33 ms (30%) (mean /p, t, k/ = 111 ms 

and mean ib , d, g/ = 78 ms), while Revoile, Pickett, & Holden (1982) reported that /p, t, 

k/ closures were about 41% longer than closures o f  /b, d, g/ in sentences. The difference 

was larger in word-final position than in word-initial (Suen & Beddoes, 1974, 

Stathopoulos &Weismer, 1983, Luce & Charles-Luce, 1985).

Luce & Charles-Luce (1985) systematically manipulated the local phonetic 

context (vowel or stop) following the target stop, the sentence position (phrase-final or 

non-final) and the voicing category o f the stop. The local phonetic environment, defined 

as the phoneme following the test word, was either a stop or a vowel. Four possible 

carrier phrases were used in experiment 1: a) the test word occurred in phrase-final 

position and the test word was followed by a unstressed mid-central vowel (e.g. "When 

Mark read cvC, Elaine made a checkmark"); b) the test word occurred in phrase-final 

position and was followed by the voiceless alveolar stop /Xl (e.g. "If Ted says cvC, Tom 

will leave the room"); c) one word occurred between the test word and the phrase 

boundary and the test word was followed by unstressed mid-central vowel (e.g. "When 

Mark read cvC aloud, Elaine made a checkmark"); d) one word occurred between the test
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word and the phrase boundary and the test word was followed by voiceless alveolar stop 

/t/  (e.g. "If Ted says cvC today, Tom will leave the room"). Luce & Charles-Luce (1985) 

estimated that the closure duration difference between /b, d, g/ and /p, t, YJ was not 

statistically significant in about 53% o f the utterances analyzed. The differences failed to 

reach significance in all cases where the target stop was followed by a voiceless sound 

(/t/) in non phrase-final position or in phrase-final position and for most test words ending 

in /d/ or /t/. These results suggest that closure duration carries little perceptual weight.

Laeufer (1992) manipulated the position o f the CvC within the sentence as well 

the location o f  sentence stress. There were three conditions: in the condition "phrase- 

medial position under focus/stress," English speakers said "Yell cvC at Marie" while 

French speakers said "Dis cvC a Marie." In the condition "phrase-final position under 

focus," speakers read "Yell cvC" or "Dis cvC." Finally, in the condition "phrase-medial 

in the non-stress/non-focused condition," the sentence frame was "Yell cvC at MARY" 

or "Dis cvC a MARIE." The sentence focus was placed on the word written in upper-case 

letters. Laeufer (1992) differentiated voiceless releases from vocalic releases. She defined 

"voiceless releases" as "these strong release bursts [which] were measured from the 

instant o f  release noise to cessation o f the high amplitude noise" (p. 417). Vocalic 

releases called "detente vocalique" (Delattre, 1951) are "heard as a schwa and visible in 

the waveform as a low-amplitude vowel o f variable duration" (p. 417).

Laeufer (1992) reported that in phrase-final position under focus, French /p, t, k/ 

closure duration was longer (mean = 165 ms) than French /b, d, g/ closure duration (mean 

= 100 ms) by about 65 ms; in English the difference was only 43 ms (mean /p, t, k/ = 133 

ms, mean /b, d, g/ = 90 ms,). In sentence-medial context under focus (i.e with sentence
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stress on the target word), the difference between the mean closure duration o f French /b, 

d, g/ and /p, t, k/ was reduced to 32 ms (/p, t, k/ = 101 ms, /b, d, g/ = 71 ms,). There was a 

similar effect in English: the mean closure duration for /p, t, VJ was longer than that for 

/b, d, g/, but the difference was smaller when the word was in sentence-medial than in 

sentence-final position.

Considering only non-vocalically released stops, Laeufer (1992) reported that the 

closure durations o f French stops were significantly longer than those o f English stops in 

both phrase-final and phrase-medial position under focus. In phrase-final position under 

focus. French /b, d, g/ closures were longer than English /b, d, g/ closures by 10 ms 

(mean French =100 ms and mean English = 90 ms) and French /p, t, VJ closures were 

longer than English /p, t, k1 closures by 42 ms (mean French = 165 ms, mean English = 

133 ms). Interestingly, in sentence-medial context under focus, the difference between 

French and English /b. d, g/ grew to 16 ms (mean French = 71 ms, mean English = 55 

ms) and the difference between French and English /p. t, VJ closures decreased to 30 ms 

(mean French =101 ms, mean English = 71 ms). There were significant main effects o f 

language and voicing in both stressed conditions (sentence-medial and sentence-final 

position). Differences in closure durations between French and English could not be 

attributed to differences in tempo or emphasis: Laeufer assessed possible differences in 

tempo and emphasis. She calculated the mean duration o f two o f the sentence types for 

each speaker and for each group and found that the durations o f English sentences read 

by the bilingual French speakers and by the monolingual English speakers were o f 

similar duration. The degree o f  emphasis was assessed by asking trained listeners to
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evaluate emphasis on a “scale from 1 (focus but no particular emphasis) to 4 (emphatic 

stress)” (Laeufer, 1996a, p. 91).

Closure voicing in English and French.

The presence o f glottal pulsing in the closure interval (closure voicing) may be 

prompted by specific instructions, at least in citation speech. Revoile et al (1982) and 

W olf (1978) both requested the English speakers to release all final consonants and both 

noticed on the spectrograms a low frequency voicing bar in the occlusions o f all /b, d, g/ 

stops. It was o f  low-intensity and decreased in amplitude throughout the occlusion 

interval. This low-frequency murmur occupied, on average, 87% o f the closure (Revoile 

et al, 1982). There was no murmur in the occlusions o f the /p, t, k/ stops (Wolf, 1978; 

Revoile et al, 1982). Hillenbrand, Ingrisano, Smith & Flege (1984) and Raphael (1981), 

none o f whom gave particular instructions to the speakers, found closure voicing during 

the production o f  /b, d, g/ or /p, t, VJ final stops. Laeufer (1992) reported that in the 

unfocussed context (i.e. sentence stress is not on the target word), English /b, d, g/ had 

glottal pulsing throughout most o f  their closures. But she did not present any descriptive 

statistics for either French or English. The current research will quantify the number o f 

occurrences o f  stops with closure voicing for each voicing category in French.

Release in English and in French.

In studies where English speakers were instructed to release final stops, bursts 

were most often higher in frequency, greater in amplitude and o f greater duration for 

voiceless than for voiced stops (Revoile et al, 1982; Wolf, 1978). These differences were 

small and did not always occur. Rositzke (1943) reported that 63% o f English final stops
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were not released. Mack (1981) has reported that prepausal voiced stops are commonly 

followed by vocalic release in French but not in English.

Laeufer (1992) reported that French word-final /p, t, VJ stops were strongly 

released with both longer release duration and greater release amplitude compared to 

English. In both languages, /b, d, g/ releases were less intense than those o f /p, t, k/. In 

English and in all three contexts (i.e. sentence-medial unfocussed and focussed, and 

sentence-final focussed) English stops were followed at times by a "pseudo" release 

"indicative o f a more passive separation o f the articulators than that o f aspirated 

releases... or o f less oral pressure during closure due to glottalization" (Laeufer, 1992, 

p.417). Laeufer (1992) reported that pseudo-releases were indicated in the sound-wave by 

a small spike, marking the instant o f the burst release, and by the absence o f the 

following interval o f high intensity noise typical o f  fully released stops.

The average duration o f French stop releases (51 ms) was found to be 

significantly greater than those for English stops (25 ms) only in sentence-final context 

(sentence-final context = 52 ms difference for /p, t, k/ and 25 ms difference for /b, d, g/; 

sentence-medial context = 15 ms difference for /p, t, k/ and 9 ms difference for /b, d, g/). 

Overall for both languages, release durations were significantly longer in sentence-final 

context (57 ms) than in sentence-medial focus context (20 ms), and /p, t, k/ releases were 

significantly longer than /b, d, g/ in sentence-final context (French = 62 ms-difference, 

English = 35 ms-difference) but not in sentence-medial focus context (in French = 13 ms- 

difference; in English = 7 ms-difference). In medial-focus context, absolute durations and 

duration differences decreased in both languages.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

Overall, Ip, t, k/ releases were significantly longer than lb, d, g/ releases in both 

languages and French releases were about twice as long as the English ones. The longer 

French releases are presumably related to a difference in stop closure duration. There is a 

greater supra-glottal pressure build-up during the longer French stop closures than during 

the shorter English ones. In voiceless stops, the transglottal airflow might be further 

increased in French by a more active opening o f  the glottis. In contrast to English stops 

involve some glottal narrowing or even glottal closure in some American Dialects 

(Benguerel, Hirose, Sawashima & Ushijima, 1978). Altogether, these factors predict 

greater and longer aspiration following the release o f French than o f  English final stops.

Preceding vowel duration in English and in French.

There is general agreement that the durations o f  vowels preceding English final 

/b, d, g/ are about 33% longer than the duration o f the vowel before English /p, t, k/ in 

citation speech (House & Fairbanks, 1953; Peterson & Lehiste, 1960; Chen, 1970; 

Raphael, 1972; Revoile et al, 1982; Wolf, 1978). This voicing-related vowel duration 

effect has been attributed to a longer sustention o f muscular activity for the vowels 

preceding voiced stops, at least in CVC and VCV contexts in citation speech (Raphael, 

1975). The durational difference in the muscular activity underlying the vowel 

articulation is close to the difference in vowel durations measured acoustically.

In sentences, however, researchers have demonstrated the importance of 

preceding vowel duration to be context-dependent: vowel duration differences are smaller 

in non phrase-final and non prepausal positions than in phrase-final and prepausal 

positions (Klatt, 1976, Umeda, 1975). Klatt (1976) pointed that "a large difference in 

vowel duration is only seen in phrase-final environments, so it is only in these cases that
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the durational cue has primary importance.” (p. 1219). But Luce & Charles-Luce (1985) 

found that vowel duration, unlike closure duration, consistently distinguished English 

voicing categories at or beyond significance level o f 0.003 in all sentence contexts. In 

agreement with Luce & Charles-Luce (1985), Van Summers (1987) reported significantly 

longer vowel durations before /b, d, g/ than before /p, t, VI in non phrase-final and non 

prepausal positions. Compared to duration differences obtained in citation speech. Van 

Summers (1987) found that durations o f vowels preceding English final /b, d, g/ are only 

21% longer than the durations o f  the vowel before English /p, t, k/, while Luce & 

Charles-Luce (1985) found a 31% difference. Laeufer (1992) reported that vowels 

preceding /b, d, g/ were significantly longer than vowels before /p, t, VJ in sentence 

context. Laeufer (1992) also found that the vowel durations differed by 36% in phrase- 

final position (ratio = 0.64, a 111 ms difference), by 28% in phrase-medial context under 

focus (ratio = .72, a 60 ms difference) and by 18% in phrase-medial non-focused context 

(English ratio = .82, a 29 ms difference). In all three contexts in English, she found that 

these vowel duration differences associated with the consonant voicing were statistically 

significant at the 0.01 level.

In a cross-linguistic study, Chen (1970) reported that the durations o f  the vowels 

preceding /b, d, g/ were longer than the durations o f the vowels preceding /p, t, VJ by an 

average 92 ms in English. The ratio o f vowel durations (voiceless/voiced contexts) was 

0.61. Luce & Charles-Luce (1985) reported a smaller difference (55 ms), with a ratio o f 

0.69. The difference between studies may stem from the fact that Luce & Charles-Luce 

(1985) used a sentence context whereas Chen's (1970) data were taken from isolated 

syllables. Chen (1970) also reported that the voicing-conditioned vowel duration effect
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was considerably smaller in French, Russian and Korean. He reported that in French, the 

voiceless/voiced context ratio was closer to 1 (.87) than in English (0.61): the voicing- 

related vowel duration difference was reduced from 33% (a mean difference o f  92 ms) in 

English to 13% in French (a mean difference o f  53 ms). In Russian and in Korean the 

mean differences were, respectively, 29 and 28 ms with ratios o f  .82 and .78. In view of 

these observations, Chen (1970) concluded that voicing-conditioned vowel duration is "a 

language-universal phenomenon" and that the extent to which it is exploited varies with 

the "language-specific phonological structure"(p.l39.) This statement that voicing- 

conditioned vowel duration is "a language-universal phenomenon" has been disputed by 

Flege & Port (1981) who reported that in a dialect o f  Saudi Arabia, such differences in 

preceding vowel durations were non-existent when speakers were asked to produce 

utterances embedded in short carrier sentences. The fact that in some languages vowel 

duration does not vary systematically according to the voicing category o f the following 

consonants suggests that voicing-conditioned vowel-duration variation is not a phonetic 

universal. At the same time, the fact that no language shows longer vowel durations 

before all instances o f  /p, t, k/  and shorter vowel durations before all instances o f  /b, d, g/ 

indicates that languages may exploit a physiologically based mechanism that conditions 

vowels before /b, d, g/ to be longer than before /p, t, k/. Hence, a phonetic universal may 

exist even though it is not fully exploited in all languages. A language that does not fully 

exploit the “universal phonetic pattern ’’must create a phonetic rule (Keating, 1985).

Mack (1982) argued that in Chen’s study (1970), the syllabic structure o f the 

words was not held constant across languages. To control for syllable structure she used 

homophonous sets o f  minimal pairs in English and French so that the durational
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percentages could be compared. The French speakers were residents o f  Southern France 

and the English speakers were from Southern New England. Like Umeda (1977) and 

Chen (1970), Mack (1982) did not include the aspirated portion o f  the vowel following 

the preceding syllable-initial voiceless stops in the measurement o f  the vowel. There 

were large and consistent differences in the use o f voicing-dependent vowel duration by 

English and French monolingual speakers. The average durational ratio was lower in 

English (.54) than in French (.73). Interestingly, the durations o f  the vowels produced by 

the English monolinguals in the voiceless context were only moderately longer than the 

vowels produced in the same context by French monolinguals (154.1 vs. 133.1 ms). The 

vowels produced by the monolingual English speakers in the voiced context were 

considerably longer than the vowels produced by the French monolinguals in the same 

context (285.3 vs. 182.1 ms). The average durational range was 82.2 ms larger for the 

English speakers, but the standard deviations were smaller than for the French speakers.

Overall, stop consonant voicing affects the preceding vowel duration in both 

English and French, but the effect is smaller in French than in English. "Based on these 

studies (Chen, 1970, Zimmerman & Sapon, 1958) and other single-language studies (e.g. 

House, 1961), it is commonly assumed that obstruent voicing is a universally important 

factor influencing the duration o f  preceding vowels and that English, but not the other 

languages examined, exploits this natural tendency by using it as the basis for a low-level 

phonological rule o f vowel lengthening before voiced obstruents." (Laeufer, 1992, 412). 

The fact that the English monolingual speakers have lower standard deviations reflects 

the greater stability o f  the durational ratio in English.
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Laeufer (1992) contended that most cross-linguistic studies did not take into 

account confounding variables such as the length o f  the test words, the immediate 

segmental environment or the presence in some o f  the languages o f  a stop devoicing rule 

which tends to neutralize the voicing distinction word-finally (Delattre, 1962; Mack 

1982). She added that comparisons across languages have usually been based on separate 

studies o f each language, ignoring factors such as the positions o f sounds in words and 

speaking rates that can have large effects on vowel and segment durations. Laeufer noted 

that Mack's (1982) comparison o f words read in isolation took these factors into account. 

She added, however, that M ack’s conclusions o f  a learned vowel lengthening rule in 

English, which she based on the difference between the English ratio (.53) and the French 

(.74), was premature because the effect o f  stop-consonant voicing on preceding vowel 

duration is very sensitive to contextual variables in both languages. In English, the 

preceding vowel duration difference is greatest in word- or phrase-final context, while it 

is significantly smaller in medial position (Laeufer, 1992; Luce & Charles-Luce, 1985; 

Umeda, 1975; Klatt, 1975, 1976). Luce & Charles-Luce (1985) reported that vowel 

durations were about 69 ms longer in sentence-final than in non-sentence final-position 

(mean vowel duration for phrase-final = 184 ms; mean vowel duration for non-phrase- 

final 115 ms). It is greater before English bilabials than before English alveolars and 

velars in stops only (Luce & Charles-Luce, 1985) and it is greater in stressed than in 

unstressed syllables (Luce & Charles-Luce, 1985; Van Summers, 1987). In contrast, it is 

smaller in polysyllabic words than in monosyllables (Klatt, 1973; Harris & Umeda, 1974; 

Port, 1981) and in spontaneous connected speech than in real word or phrase lists to the 

point o f being almost non-existent in non phrase-final and prepausal position. The
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voicing effect on vowel duration also decreases as speaking rate increases (Harris & 

Umeda, 1974). The effect is more pronounced in the context o f  fricatives than stops 

(House & Fairbanks, 1953; Peterson & Lehiste, 1960), while flapping o f  postvocalic 

alveolars in American English has been found to lessen the effect. In French, similar 

contextual variability was reported. The effect on preceding vowel duration is greater in 

word-, sentence- and in phrase-fmal position than in medial positions. The voicing effect 

is smaller in connected speech than in word or phrase list reading (O'Shaughnessy, 1981). 

There is also a reduction in differential vowel duration from French mono- to 

polysyllables (O ’Shaughnessy, 1981).

Laeufer also contended that although Mack's (1982) studies remedy some 

shortcomings o f Chen's (1970 study, it failed to consider some "other language specific 

conditioning factors" such as intrinsic vowel duration: most English stressed vowels are 

o f greater duration than their closest French equivalents (Delattre, 1951; 1965). The 

greater vowel duration o f  English vowels has been shown to correlate with greater vowel 

duration differences, and thus with lower ratios o f the durations in the voiced/voiceless 

contexts. The effect o f  voicing has been found to be smaller for inherently short vowels 

such as /I/ than for inherently long ones such as /a/ (Peterson & Lehiste, 1960; Crystal & 

House, 1982). But Luce & Charles-Luce (1985) found that preceding vowel duration 

differences were greatest in words containing /i/, least in words containing /I/ and 

intermediate in words containing /a/. Because the number o f  (near)-homophonous pairs in 

French and English with short/lax English vowels is small, the cross-linguistic 

comparisons are limited.
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Laeufer (1992) extended the Mack (1982) study to contexts in which sentence 

focus was not on the target word. In the condition "phrase-medial position under 

focus/stress," English speakers said "Yell X at Marie" and French speakers said "Dis X a 

Marie." In the condition "phrase-final position under focus," speakers read "Yell X" or 

"Dis X." Finally, in the condition "phrase-medial in the non-stress/non-focused 

condition," the sentence frame was "Yell x at MARY" or "Dis x a MARIE." Results 

indicated that vowels preceding /b, d, g/ were longer than vowels before /p, t, k1 in both 

languages. Also, there was a larger dissimilarity between the durations o f  vowels in both 

French and in English in phrase-final position (French ratio = .74, a 53 ms difference, 

English ratio = 0.64, a 111 ms difference) than in phrase-medial context [both in stressed 

syllables (French ratio = .78, a 38 ms difference, English ratio = .72, a 60 ms difference) 

and in unstressed syllables (French ratio = .91, a 11 ms difference, English ratio = .82, a 

29 ms difference)]. The ratio o f .74, for French stops in phrase-final position, however, 

combines a higher ratio o f .77 for stops with vocalic release and a lower ratio for stops 

with voiceless releases. Laeufer (1992) reported that vowel durations were shorter and 

the voicing related differences were smaller before consonants (stops and fricatives) with 

vocalic (i.e phonated) releases than before consonants with unvoiced releases. A weak 

but significant negative correlation existed between durations o f the preceding vowel and 

the durations o f  the schwa releases.

Overall, ratios o f  the durations o f  vowels preceding voiceless vs. voiced English 

stops were always smaller than ratios o f the durations o f vowels preceding French stops. 

In addition, the voicing-related vowel duration differences were statistically significant 

within each language and between languages in phrase-final position only. The vowel

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

duration differences were influenced by the word-position in the sentence and by the 

stress/focus condition. Shifting the location o f a word from phrase-final position to 

phrase-medial position led to a decrease in vowel duration. Additional reduction in the 

vowel duration differences took place when sentence stress/focus was shifted away from 

the target syllables. A shift in the position o f the word within the sentence had a greater 

effect on English than on French vowel duration differences. A shift in stress/focus also 

had a greater effect on English than on French vowel duration.. There is no explanation 

for the former effect, except perhaps that English uses phrase-final lengthening to 

exaggerate this effect The latter effect is expected since English is usually classified as a 

stress-based language and French is not.

In phrase-final position, the ratio o f .77 for vowels preceding French 

voiceless/voiced stops is close to the value found by Mack (1982) in citation speech (.74). 

Laeufer (1992) suggested that it "is presumably also due to the presence o f final schwa 

releases, as is expected o f  speakers from the Southern France, where historic word-final 

schwas (still preserved in spelling) have not been lost and quasi-bisyllabic renditions are 

the norms" (p. 427). This may, however, be because the speakers over-articulated.

Overall, similarities between the two languages can be seen: in that vowel 

duration lengthening is greatest in syllables in sentence-final position in both languages 

and is less pronounced for syllables in sentence-medial position. English vowel duration 

differences are, however, apparently more susceptible to contextual variations. In 

English, as in French, a shift in sentence stress/focus had less effect than a shift in word 

position within the sentence: changes in stress/focus diminished vowel duration 

differences by 31 ms (in sentence-medial context) while a change in the position o f  the
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syllable in the sentence yielded a 66 ms decrease. "In the unfocussed context, where 

English vowels are prosodically less prominent and phonologically voiced consonants 

have glottal pulsing throughout most o f the closure, English vowel duration differences 

are much less marked and thus much more French-like" (Laeufer, 1992, p. 433). Laeufer 

(1992) concluded that "similar prosodic factors determine similar variations in the size of 

the voicing effects" (p.431). To account for the greater differences in vowel duration in 

English than in French (Chen, 1970, Laeufer, 1992, 1996b), Laeufer (1992) noted that "a 

low-level allophonic rule o f vowel-lengthening before a voiced obstruent has been 

claimed to be operational in English but not in French or in any other language 

studied"(p. 430).

Other voicing-related acoustic differences between English and French.

Several researchers who recorded isolated English monosyllables containing the 

vowel /ae/ found that the vowel formant offsets preceding voiceless stops were lower in 

intensity and were also higher in frequency than the vowel offsets before voiced stops 

(Revoile et al, 1982; Wolf, 1978; Van Summers, 1987). The vowel transition differences 

appeared primarily in the final five pitch periods preceding the consonant occlusion. 

W olf (1978) also found that for /aeC/ syllables there were differences in the initial 

portion o f the vowel: For syllables ending in /b, d, g/, the mean FI (extracted with LPC 

and averaged over the first 50 ms) was lower than for syllables ending in /p, t, kI and the 

mean F2 over the first 50 ms was higher in syllables ending in /b, d, g/ than in syllables 

ending in /p, t, k/. Similar differences in initial formant onset frequency were also 

observed when the target syllables were produced in sentences and the same vocalic 

context (/ae/) was used (Van Summers, 1987).
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Van Summers (1987) examined changes in the formant structure (FI initial 

transition slope, FI initial transition duration, steady-state durations o f  F I, final transition 

duration, F 1 offset frequency) o f  the vowel (/ae/) in sentences. He found that the voicing 

classification o f the final consonant did not have any effect on the FI initial transition 

slope or on F 1 initial transition duration. Syllables ending in voiced stops, however, had 

higher steady state formant frequencies, longer F 1 steady state duration, and longer final 

transition durations than syllables ending in voiceless stops.

Summary’.

Vowel duration differences between syllables ending in /b, d, g/ and syllables 

ending in /p, t, k/ are greater in English than in French. Release and closure duration 

differences are larger in French than in English. Laeufer (1992, 1996b) suggested that the 

significantly longer closure durations and smaller voicing-related vowel duration 

differences (lower ratio o f non vocalically-released final voiced over voiceless 

consonants) in French compared to English could be affecting the pattern o f voicing- 

related vowel duration. In English, shorter consonants with a smaller durational range 

followed longer vowels with a greater durational range while in French the opposite is 

true (i.e. closure durations are longer). She hypothesized that these patterns could be 

related to the prosodic systems o f the two languages (i.e. English is a stress-based 

language while French is not) and to the different status assigned to the voicing feature in 

each language. "In French, the voicing contrast is carried more by the characteristics o f 

the consonant and, in particular, [by] the presence/absence o f  pulsing during the closure" 

(Delattre 1951, p. 417). Hence, the consonant needs to be long enough to convey the 

voicing status perceptually. The relative shortness o f the voiced consonant relative to the
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voiceless is presumably linked to the difficulty o f maintaining strong glottal pulsing for 

too long (Lisker, 1977; Westbury, 1983). In English on the other hand, final stops are 

often partially devoiced (Flege and Brown, 1982) and the contrast is carried more by the 

vowel, in particular, by the relative durations o f vowels preceding phonologically 

voiced/voiceless consonants (Denes, 1955). Laeufer (1996a) maintains that French grants 

more emphasis to the postvocalic consonants and English to the vowels. This explains the 

comparatively greater magnitude o f the voicing effect on vowel duration in English 

(Laeufer, 1992).

Perception o f  the Stop Consonant Voicing Distinction 

Word-Initial Stops

Some explanations o f the strategies used in the perception o f the stop consonant 

voicing distinction are based on theories which incorporate speech production as part o f 

the perceptual mechanism. Other explanations are based on the theoretical stance which 

does not included reference to speech production as part o f the perceptual system for 

speech. From either theoretical point o f  view, it is o f interest to understand the nature o f 

the perceptual processes involved and, ultimately, to explore the possibility that those 

processes are related to the processes o f  speech production.

The term VOT in the acoustics o f  production refers to the time interval between 

the release o f  the stop (burst) and the onset o f quasi-periodic vocal fold pulsing. In 

studies using synthetically produced speech, the same term refers to the interval between 

the onset o f  stimuli (which may or may not include a burst) and the onset o f  a periodic 

source. VOT is sometimes called the separation cue (Summerfteld & Haggard, 1977). To
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create /p, t, k/  stimuli, the upper formants (F2 and F3) are excited by noise and the FI 

transitions are attenuated until the higher formants are periodically excited.

Synthetic VOT continua in the lag range are created by delaying the onset o f the 

periodic source while simultaneously attenuating the FI transition. This manipulation 

mirrors natural speech processes and results in a similar co-variation o f other acoustic 

parameters. The delay in the onset o f periodicity and the attenuation (often realized as the 

absence) o f F 1 are synthetic analogues o f the effect o f the open glottis at the moment o f 

stop release; this glottal configuration inhibits phonation while extending the pharyngeal 

cavity, weakening the intensity o f FI. The onset o f the unattenuated portion o f the FI 

transition is thus both raised in frequency and delayed in time, relative to the F2 and F3 

onsets. The duration and extent o f frequency change o f the F 1 transition are thus reduced. 

Synthesizing the F2 and F3 transitions with an aperiodic (noise) source until the onset o f 

the periodic source (and o f  unattenuated FI transition) simulates the aspiration found in 

natural speech, which is another result o f the glottis being open at the moment o f stop 

release.

Synthetic VOT continua in the voicing lead range are created by inserting varying 

durations o f a periodic source, simulating the first harmonic (fundamental frequency), 

during the closure period preceding stop release. A number o f  studies using synthetic 

speech stimuli have attempted to clarify the contribution o f the various potential acoustic 

cues to the perception o f voicing o f initial pre-stressed stops. At times this has been done 

at the expense o f  the naturalness o f the tokens (Summerfield & Haggard, 1977).

Studies o f  English and French using Synthetic Speech
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An increase in FI onset frequency or in FI extent or a delay in time at which FI 

begins relative to upper formants each produced a significant increase in voiceless 

responses (Liberman et al, 1958; Summerfield & Haggard, 1977). Delaying FI onset, 

while keeping FI onset frequency constant, was found to be a strong cue to 

voicelessness: Liberman et al (1958) effected this experimental separation o f the two 

cues by using the vowel /o/ in which there is no transition and hence no change in the 

frequency o f FI onset. Results showed that relative onset time had perceptual 

significance independent o f FI onset frequency, but they did not assess whether FI onset 

frequency had independent perceptual significance. Summerfield & Haggard (1977) 

have also shown that FI transition extent becomes salient in the case where FI onset 

frequency is low.

Liberman et al (1958) found that synthesizing the F2 and F3 transitions as noise 

without cutting back FI (delaying FI onset) was ineffective as a cue to voicelessness, 

whereas adding such simulated aspiration in the upper formants when FI was cut back 

strengthened the perception o f  voicelessness. This phenomenon is a trading relationship, 

where the perceptual value o f one cue increases as the perceptual value o f  another 

decreases and vice versa. These compensatory changes are the consequences o f  the 

multiplicity o f cues for a given phonetic contrast. For example, as FI steady state 

increased in frequency, shorter VOTs were necessary to effect a shift from voiced to 

voiceless judgments and the slope o f  the identification function became steeper 

(Summerfield & Haggard, 1977). Similarly, the VOT boundary shifted to longer values 

as formant transition durations increased (Lisker et al, 1977). Systematic changes in the
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voiced/voiceless boundary were attributable to the manipulation o f FI but not to 

variations in F2 and F3 (Lisker et al, 1975; Summerfield & Haggard, 1977).

F 1 onset frequency at the onset o f  periodicity is a powerful cue, but results point to its 

limited value in the context o f high vowels for which there is no or minimal FI transition 

and hence no FI onset co-variation with changes in VOT (Summerfield & Haggard, 1974). 

Overall, in the context o f minimal FI transition, aspiration becomes a more salient cue. 

When there are relatively extensive potential FI transitions (as in low vowels), a high 

frequency F 1 onset cues a voiceless percept and the extent o f frequency change becomes 

less relevant perceptually. The transition extent becomes more relevant perceptually when 

the FI transition has a low onset and cues a voiced percept. These results emphasize the 

importance o f the context sensitivity o f the cues to the voicing distinction in initial-word 

position. They suggest that cues are incorporated in a context-dependent perceptual 

processing system that allows listeners to differentiate patterns o f  cues as a function of 

contextual variations (e.g. vocalic environment). The voicing contrast has been extensively 

studied in English, but much less research has been conducted on the trading relationships 

between possible cues to the voicing distinction in French speakers.

Word-Final Stops

Preceding vowel duration is a sufficient cue to the perception o f the voicing 

contrasts in synthetic speech where other potential cues are neutralized (Raphael, 1972; 

Raphael, Dorman, Freeman & Tobin, 1975). However, in naturally-spoken words where 

the spectral and temporal characteristics o f  acoustic signals co-vary as a function o f 

contextual variables, vowel duration is not the only or the most effective cue (Wardrip- 

Fruin, 1982; Revoile et al, 1982; Hogan and Roszypal, 1980; Raphael, 1981).
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As in the case o f initial voicing, the perceptual salience o f  acoustic features for 

voicing in final stops is context-dependent. Results by W olf (1978) and Revoile et al

(1982) point to the greater importance o f  F2 final transition offset frequency than of 

closure voicing (i.e. phonation during closure); in the context o f vowels with high FI 

steady-state frequency, frequency changes in FI transitions into the closure are extensive. 

Phonation during closure may be a more powerful cue in the context o f  syllables in which 

the vowels have low first formant steady state (i.e. high vowels) (Wardrip-Fruin, 1982; 

Raphael, 1981). In addition, Raphael (1981) found that the salience o f the transitions 

seems to vary with the context, weak in certain pre-vocalic contexts and strong in some 

pre-consonantal contexts.

As in the perception o f voicing contrasts in word-initial position in English, there 

seems to exist a trading relationship between some cues; a long duration o f closure 

voicing and a short preceding vowel or a short duration o f closure voicing and a long 

preceding vowel yielded more voiced responses (Hogan and Roszypal, 1980). Hogan and 

Roszypal (1980) found that varying closure voicing duration produced a relatively 

stronger perceptual effect than varying the duration o f the vowel nucleus for speakers o f 

English. This is in agreement with other findings (Wardrip-Fruin, 1982; Raphael, 1981).

The fact that, in English, deletion o f the final release burst does not induce a 

change in the perception o f  the voicing classification o f stops (Wolf, 1978; Revoile et al, 

1980; Hillenbrand et al, 1984; Raphael, 1981) is consistent with the finding that 63% of 

the final stops are not released (Rositzke, 1943). Other findings, however, point to the 

differential effects o f  the burst deletion. The deletion o f the burst affected the voiceless 

percept more than the voiced one (Wolf, 1978, Revoile et al, 1982). Flege & Hillenbrand
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(1987) examined monolingual native speakers o f  French and English. Using naturally 

produced syllables, they created two continua from /pek/ to /peg/ and from /plk/ to /pig/. 

Only tokens with a fully voiced closure o f about 75 ms with an audible final burst were 

used for the perception study. The continua were created by editing varying amounts of 

phonation from the final closure interval. To minimize the contribution o f  vowel duration 

to the voicing decisions, the vowel duration o f /pig/ was reduced from 149 ms to 110 ms 

by removing alternate glottal pulses. Closure voicing and portions o f the preceding vowel 

were removed in 10 ms-steps. Up to 120 ms o f  the signal were removed, including part of 

the vowel transitions. Half o f the stimuli contained a burst (with-burst stimuli) and half 

did not (no-burst stimuli). Listeners were informed in their native language that they 

would be presented with English words that had been edited. They were told to indicate 

whether they heard a final /g/ or /k/ and to guess when uncertain. French speakers found 

the task more difficult than the English speakers, presumably because the words were 

English. Results indicated that removal o f glottal pulsing from the final closure interval 

induced a perceptual shift for both English and French speaking listeners, suggesting that 

phonation is perceptually salient in both languages. But the responses o f the English 

speakers, and not o f the French, were affected by the vowel in the /e, 1/ continua.

The removal o f  the release bursts affected the voicing judgments o f the French 

speakers whereas it did not affect the voicing responses o f the English speakers. For 

French speakers, the percentages o f  l\d responses were greater than the percentages o f /g/ 

responses when 59 ms o f  closure voicing was removed from stimuli without a burst and 

when 73 ms o f closure voicing was deleted from the stimuli with a burst. For English 

speakers there were no differences in perception between the continua containing the
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same amount o f voicing with or without a burst. These results confirm previous findings 

using English speakers (Hillenbrand et al 1984). Flege & Hillenbrand (1987) have 

hypothesized that the salience o f  bursts to French speakers may stem from the fact that 

word-final stops may be more consistently released in French than in English. Clearly, 

this study confirms expected differences between speakers o f  English and French. 

Because English velar stops are always released, it is likely that the English speakers 

were hearing unnatural and unfamiliar stimuli so that they were probably relying on 

alternative cues

W olf (1978) and Raphael, Dorman & Liberman (1980) also demonstrated the 

contribution o f the initial first formant transitions to the perception o f  the voicing class of 

word-final alveolar stops. Overall, the initial formant transitions provide some 

information about the vowel. This information is integrated into the perceived vowel 

duration. The question remains as to whether it is the transition or the increase in vowel 

duration that plays a role in the voicing perception o f final stops.

Conclusions

Perceptual studies offer a complicated picture in which cues trade with one 

another to convey the voicing distinction to the listeners. These studies indicate that 

listeners attend to multiple cues whose relationships vary according to the context, which 

mirrors a similar sensitivity in the production o f  speakers. Also, findings from production 

and perception studies suggest that the acoustic features and cues to the voicing 

distinction differ between French and English. In both the perception and the production 

literature, there is an abundance o f studies o f English, but not o f  French. The aim of the
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proposal is to remedy this situation by examining the acoustic correlates o f the voicing 

distinction in French in various phonetic contexts.
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CHAPTER III

METHODOLOGY

Overview

The aim o f this study is to document how differences between phonetic contexts 

correlate with the temporal parameters (i.e. aspiration duration, closure duration, closure 

voicing duration) that can serve as an index o f  the voiced-voiceless opposition o f French 

stops. It is anticipated that some o f  the acoustic features that contribute to the 

phonological distinction will differ from word-initial to word-final position, while other 

features will be distinctive in both contexts. It is expected that in the /pa/ context, /b, d, g/ 

closures will be longer than /p, t, k/  closures; /b, d, g/ closures will more consistently 

phonated than /p, t, k/ closures; /b, d, g/ will be preceded by longer vowel durations than 

/p, t, k/. In the /pas/ context, it is expected that these durations differences will be 

attenuated and that a smaller number o f  /b, d, g/ closures will be phonated. In addition, it 

is hypothesized that the amount o f  closure voicing in the inter-vocalic context (i.e. the 

sentence frame: /il a di pa CvC a lui/) will be greater that in the voiceless fricative 

sentence context (i.e. the sentence frame: /il a di pas CvC sa lui/. This study will provide 

relative proportions o f  vowel durations between voiceless and voiced contexts (ratios) 

and determine the extent to which the values o f  the temporal parameters differ between 

sentence context and citation form speech.

Overall, this study will provide a better controlled phonetic context, using the 

same phonetic segment ([s] or [a]) immediately before and after the target stop (i.e. /il a
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di pas CvC sa lui/, il a di pa CvC a lui). The effect o f phonetic context within the word 

was examined by using two vowels (e , o) in the target CVC syllable. These two vowels

were selected because it was possible to construct minimal pairs. The contexts o f the 

target syllable were also manipulated (voiceless consonant or vowel preceding and 

following) as well as the place o f articulation o f the stops (labial, alveolar, velar). 

Productions that are reasonable approximations to casual conversational speaking style 

were used as the basis for assessing which temporal measure(s) differentiate /b, d, g/ from 

/p, t, kJ in particular phonetic contexts. All target consonants were spoken in syllables 

under primary stress.

Method

Apparatus

The tokens were recorded on the two channels of a DAT-tape. The recording level 

o f the left channel was higher than that o f  the right channel, so that in case clipping 

occurred on the let) channel, signals on the right channel could be used for final acoustic 

analyses. A high definition microphone (Behringer model 2000) connected to a DAT- 

tape recorder (Sony, model DTC-Ze700) was positioned on a stand in front o f the 

speaker. A pre-amplifier "ultra-grain" (Sony) was used. All files were then imported from 

the DAT-tape onto a PC via the Computer Speech Lab (CSL) model 4300 (version 5.05) 

or Multispeech, a windows version o f CSL. The utterances recorded on the left channel 

were then imported at a sampling rate o f  16,000 points per second. The CSL software 

(KAY Elemetrics-Windows version) was used to make the acoustic measurements. The 

parameters for narrow-band and wide-band-spectrograms and for Fast Fourier 

Transforms (FFTs) are listed in Appendix A.
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Subjects

Twelve participants were French speakers raised and educated in France. Their 

ages ranged from 21 to 25 years old. They were students at the Institut de Linguistique et 

Phonetique Generates et Appliquees in Paris. All went through the typical foreign 

language training before entering college (7 years o f a second language and 3 years o f a 

third language). None had spent more than 2 months in a non-French speaking country 

for at least one year prior to recording. No participant spent vacations abroad on a regular 

basis. None believed they could express themselves fluently and without accent in any o f 

the languages learned in school. Finally, none had any hearing or speech-language related 

problems according to self reports.

Design

There were four independent variables: (1) identity o f the vowel in the target 

syllable (e , o), (2) position o f  the stop within the word (initial, final), (3) place o f

articulation (labial, alveolar, velar) and (4) preceding/following phonetic context 

(voiceless fricative or /pas/ context versus vowel or /pa/ context). In the /pas/ context, the 

following carrier sentence was used /il a di pas CvC sa lui/; in the /pa/ context, the

following carrier sentence was used /il a di pa CvC a lui/. For example, in the word-initial

stop condition speakers were asked to say /il a di pas DGt sa lui/ (/pas/ context, i..e.

voiceless fricative environment) or /il a di pa D £ t a lui/ (/pa/ context, i.e. vowel

environment). In the word-final stop condition, speakers were asked to say /il a di pa 

bOB a lui/ (/pa1 context) or /il a di pas bOP sa lui/ (/pas/ context).
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Material

Twenty-one CVC syllables in which V was (/e/ or lol) were embedded in each of

the two carrier sentences. The target syllables were either proper nouns, common nouns 

or non-sense words. The carrier sentences were /il a di pas CvC sa lui/ (/pas/ context); /I 

a di pa CvC a lui/ (/pa/ context). Speakers were requested to place prominent stress on the 

CvC, which appeared in boldface in the text. The list o f CvC syllables are listed in 

Appendix B. Even though there are 12 minimal pairs, there are only 21 different CVC's. 

Three words served for the word-initial and the word-final contexts: /te t/, /kod/ and

/pek/. Note that the sentences are grammatically awkward. But they were constructed

primarily with the aim to maintain the phonetic context constant around the target stop 

consonants. The /pas/ carrier phrase could be translated as “ He said give CvC without 

him” and the /pa/ carrier sentence could be translated as “He said no CvC to him”. 

Procedure

Speakers were requested to fill out a language background questionnaire prior to 

the recordings. Their hearing was not directly measured. Some speakers reported having 

a recent screening revealing no hearing deficit.

Speakers were then presented with lists o f sentences written in phonetic alphabet. 

They were asked to read the sentences at a comfortable speaking rate. Even though they 

were asked to read, they were urged to speak as if they were talking to another native 

French speaker. After some practice trials, speakers were asked whether they felt their 

pace and speaking rate to be near their normal average speaking level and rate. When 

confirmed, the recording began when the speaker was ready. If the speaker was not
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ready, he/she was asked to practice more and attempt to approximate "near normal" 

speaking behavior.

Twelve speakers were asked to produce the articulatory liaison normally used by 

speakers o f  French. Each sentence was preceded by a number that the subject read before 

saying the sentence. Subjects were told that they could pause between the number and the 

beginning o f  the phrase. When subjects omitted a word or mispronounced a word, they 

were requested to repeat the entire sentence.

Lists o f  sentences were blocked by sentence type. The subjects were asked to 

speak all the CvCs in the same carrier sentence. After finishing reading the list, speakers 

were invited to rest. They were then asked to say the second series o f  CvC’s in the other 

carrier sentence. The order o f the carrier-sentence condition was counterbalanced across 

subjects. In addition, no cognate pairs o f  sounds occurred in consecutive utterances. 

Dependent measures

Figures 1 & 2 display spectrograms illustrating the measurements criteria for each 

context. An upper case letter has been associated with each measurement and affixed to 

the spectrograms.

Aspiration duration (A).

To measure the onset o f aspiration duration, the cursor was placed on the first 

deflection on the waveform corresponding to the release burst and right before the first 

periodic pulse at its trough. On the wide-band spectrogram, this landmark generally 

corresponded to the first periodically excited upper formant energy (vertical striation).

"Aspiration + Vocalic nuclei": "Asp+Vow" in [pas] and [CvC] ( A + V).
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On the waveform, for the onset o f "Asp+Vow" in [pas], the cursor was placed on the 

first burst and for its offset on the first sign o f  frication on the waveform (i.e. intense 

high-frequency energy (4000-8000 Hz) visible on the wide-band spectrogram). On the 

spectrogram this measurement represents the sum o f A and V, where V stands for the 

vocalic interval.

"Aspiration+ Vowel" in [pa] and [CvC] (A + V).

On the waveform, the cursor was placed on the first release burst and on the point 

where there was a reduction in amplitude which corresponded to a dramatic change in the 

wave. This also corresponded to the last visible periodically excited high formant energy 

(vertical striation) on the wide-band spectrogram.

In all cases, the trail o f  energy beyond the last periodically excited upper-formant 

energy (striation) visible on the wide-band spectrogram was ignored.

Closure duration (C).

The cursor was placed on the last periodically excited cycle o f  second formant energy 

and then moved to the first release burst. In the closure interval, if  there were a spike 

followed by silence, it was ignored and the cursor was placed on the following burst that 

was immediately followed by aspiration/frication.

Closure voicing (CV).

Categorical measures were made: absence (when less than 25% o f the closure 

duration contained periodic energy) and presence (when more than 75% o f the closure 

duration contained periodic energy). Evidence o f periodicity (phonation) was represented 

in the spectrogram by regularly spaced vertical striations at the level o f  the baseline.

Frication period o f  /s / o f  [pas](F).
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The cursor was placed on the first and last signs o f  intense, high-frequency 

frication [4000-8000 Hz]. Trails were ignored.

Phonated frication (PF)

Whether the Is/ was fully or partially voiced was determined using the criteria 

applied to determine the presences vs. absence o f closure voicing.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 1. Waveform and corresponding spectrogram o f /il a di pa d e t  a lui/ (/pa/ context)
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Figure 2. Waveform and corresponding spectrogram o f /il a di pas d e t sa lui/ (/pas/ context)
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The utterances o f  nine out o f  twelve speakers were analyzed. Three speakers were 

thus eliminated from the subject pool: One speaker’s speech had a heavy Southern French 

accent from Marseille. Another speaker acknowledged speaking another language while a 

third speaker remembered having received speech therapy at a very young age. The first 

token o f each type was not analyzed. In total, seven repetitions o f twenty-one words 

produced by nine subjects were analyzed for the /pa/ and /pas/ contexts. A total o f 2623 

utterances was analyzed, o f which 8 % were excluded from the final analyses because they 

were obscured by noise, flapped, or produced with incomplete closure.

Reliability measures.

Reliability measures were performed by a second judge on 10% of the tokens. 

Agreement was higher than 90% on all measures. Agreement was deemed to occur when 

values were within +/- 5 ms for measurements under 50 ms. For measurements greater than 

50 ms, agreement was deemed to occur when values were within +/-10% o f the longer of 

the two measurements.
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CHAPTER IV 

RESULTS

Separate correlated t-tests were performed on all mean durations. Means were 

computed for each phonological voicing category and for each subject. T-tests were 

computed on the average differences across subjects for each phonological voicing group. 

Partial Bonferroni correction was applied to adjust the alpha level to p  <  0 .0035 . Chi- 

squares were performed on the frequency o f phonated and unphonated closures. Acoustic 

measurements were made on a total o f 2414 utterances, distributed as a function of phonetic 

context (See Table 1).
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Table 1

Number o f  tokens per voicing category fo r  each phonetic context

/pa/ context /pas/ context

/b, d, g/ /p, t, k./ /b, d, g/ /p, t, k/

Word-initial 310 322 283 295

Word-final 294 318 305 287

Total 604 640 588 582

1244 utterances 1170 utterances
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Durational measures for voicing

In this study, measures o f  vowel duration included the period o f  aspiration following 

the release o f a preceding stop (aspiration +vowel). To allow for comparisons between the 

present results and those o f other research in which vowel duration did not include 

aspiration, a measure o f vowel duration was obtained by subtracting the aspiration durations 

from the (aspiration +vowel) durations. Means and standard deviations for each voicing 

category in each context are displayed in Tables 2 and 3. Mean voicing related duration 

differences and standard deviations are displayed in Table 4 and 5. Differences were 

calculated by subtracting /p, t, k/ means from /b, d ,g / means. These duration differences 

have been plotted in figures 3 and 4.

Statistical analyses o f the durational differences indicate that for word-initial stops in 

the /pa/ and /pas/ contexts as well as for word-final stops in the /pa/ context, vowels 

preceding /b, d, g/ are longer than vowels preceding /p, t, k/, and /b, d, g/ closures are 

shorter and less aspirated than /p, t, k/ closures. Note that the significant differences 

observed for the (aspiration+vowel) acoustic correlate are entirely attributable to vowel 

duration differences and not to the aspiration duration differences o f the vocalic nuclei. Even 

though the three acoustic correlates (i.e. vowel duration, closure and consonant aspiration) 

reliably distinguish statistically /b, d, g/ from /p, t, k/ in the three contexts mentioned above, 

there is a noticeable reduction o f closure and aspiration duration differences for word-initial 

stops in the /pas/ context. The reduction in closure duration differences stems from a 

“shortening” o f /p, t, k/ closures while the reduction o f the aspiration duration differences is 

due to /b, d, g/ being more aspirated. Additional statistical analyses indicate that for word- 

final stops in the /pas/ context, there remains only one significant distinguishing acoustic
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correlate: vowel durations before /b, d, g/ are longer than before /p, t, k/. Note that all other 

duration differences have been reduced with closure duration differences incurring the 

greatest reduction, followed by aspiration duration differences. Further data analyses show 

that closure voicing is also influenced by variations in the phonetic contexts. Closure 

voicing data are reported in Tables 6, 7 & 8.
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Table 2

Means and Standard Deviations (in parentheses) fo r  the duration o f  each acoustic correlate 

fo r  word-initial stops are displayed as a function o f  contexts. Durations are in ms.

/pa/ context /pas/ context

/b, d, g/ /p, t /k /b, d, g/ /p, t, k/

/pa/:aspiration 13(2) 13(2) /pas/:aspiration 14(3) 14(3)

/pa/:vowel 78(14) 68(10) /pas/:vowel 86(13) 77(13)

/pas/:aspiration
+vowei

91(13) 80(10) /pas/:aspiration
-t-vowel

100(13) 91(12)

/pas/:/s/ 70(14) 77(15)

Cvcxlosure 65(11) 87(16) Cvcxlosure 66(11) 73(11)

Cvc:aspiration 9 (4 ) 23 (5) Cvc:aspiration 14(5) 24(4)
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Table 3

Means and Standard Deviations (in parentheses) fo r  the duration o f  each acoustic 

correlate fo r  word-final stops are displayed as a function o f  contexts. Durations are in 

ms

/pa1 context /pas/ context

/b, d, g/ /p, t/ k /b, d, g/ /p, t, kJ

cvC: aspiration 16(3) 15(3) cvC:aspiration 17(4) 17(4)

cvC: vowel 87(16) 74(11) cvC:vowel 72(12) 66 (11)

cvC:aspiration
+vowel

103(16) 89 12) cvC: aspiration 
+vowel

88(11) 83 (9)

cvC:closure 53 (6) 74(12) cvC:closure 60(11) 63 (13)

/a/:aspiration 4 (3 ) 25 (5) /sa/:/s/ 106(11) 106(12)
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Table 4

Mean voicing related durational differences and Standard Deviations (in parentheses) 

fo r  each acoustic correlate fo r  word-initial stops are displayed in each context. 

Differences were computed by subtracting /b. d, g / values from  /p. t. kJ values. Duration 

differences are in ms.

/pa/ context /pas/ context

/b, d, g/ - /p, t, k/ /b, d, g/ - /p, t. k1

/pa/:aspiration 0 (1) /pas/:aspiration 0 (1 )

/pas/:vowel 10(5)** /pas/:vowel 9(2)***

/pas/:aspiration
+vowel

11 (5)** /pas/:aspiration
+vowel

8(2)***

/pas/:/s/ -7 (6)

Cvcxlosure -21 (7)*** Cvcxlosure -7 (4)**

Cvc:aspiration -15(5)*** Cvc:aspiration -10(5)**

Note. * -4.2 < t > 4.2, p < 0.0035, **-5.3 < t > 5.3, p < 0.0004, 

***-8.9 < t > 8.9, p < 0.00003
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Table 5

Mean voicing-related durational differences and Standard Deviations (in parentheses) 

fo r  each acoustic correlate fo r  word-final stops are displayed in each context.

Differences were computed by subtracting /b, d, g /  values from  /p, t. k / values. Duration 

differences are in ms.

/pa/  context /pas/ context

/b, d, g/-/p, t/ k fb, d, g/ - /p, t, k/

cvC.aspiration 1(2) cvC.aspiration 0 (2 )

cvC: vowel 13(6)* cvC: vowel 6(3)*

cvC:aspiration
+vowel

14(6)** cvC:aspiration 
+ vowel

6 (4 )

cvC.closure -22 (7)*** cvC.closure -3 (4)

/a/:aspiration -21 (6 )* * * sa:/s/ 0 (4 )

Note. * -4.2 < t > 4.2, p < 0.0035; **-5.3< t >5.3, p < 0.0004; 

***-8.9< t >8.9, p < 0.00003
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Voicing related duration differences have been plotted in figures 3 and 4. These 

figures are displayed on the next pages. For positive differences, bars are above the 

abscissa whereas for negative differences, bars are below the abscissa.
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Closure voicing measures.

For word-initial stops in the /pa/ context, there is a significantly greater number of 

cases in which phonation runs throughout (75% or more of) the syllable-initial /b, d, g/ 

closures than the /p, t, k/  closures (Chid )  = 640, p_< .0005) (See Table 6). For word-initial 

stops in the /pas/ context, the number o f times phonation runs through the /s/ o f /pas/ (see 

Table 7) and through the initial closure o f the Cvc (see Table 6) is significantly greater for 

initial /b, d, g/ than for initial /p, t, k/ (for /si, Chi( 1) = 400, g_< .0005, for Cvc initial closure. 

C h id ) = 450, q_< .0005), for /pas/:/s/). Note that, acoustically, the /s/ o f /pas/ that preceded 

syllable-initial /b, d, g/ is realized acoustically as [z]. This is an instance o f regressive 

voicing assimilation.
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Table 6

Number o f  times phonation is present or absent through the Cvc closure

/pa/ context /pas/ context

/b, d, g/ /p, t, kI /p, t, k/ /p, t, kI

No phonation 1 321 29 293

Phonation 308 1 254 0
Throughout

Table 7

Number o f times phonation is present or absent throughout the /s/ o f /pas/ (/pas/:/s/)

/b, d ,g / /p, t, k/

No phonation 48 292

Phonation 235 3
Throughout
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The number o f  times phonation ran throughout word-final stop closures in the /pa/ 

context is significantly greater for /b, d, g/ than for /p, t, k/ (C h id ) = 580, p_< .0005). The 

number o f times phonation ran throughout word-final stop closure in the /pas/ context is 

significantly greater for word-final /b, d, g/ than for word-final /p, t, YJ (Chid )  = 40, p_< 

.001) (See Table 8).

Overall, syllable-initial and syllable-final /b, d, g/ closures are more often phonated 

than syllable-initial and syllable-final /p, t, k/ closures in both the /pa/ and /pas/ contexts. 

Note that there is a smaller number o f phonated /b, d, g/ closures in the /pas/ context. 

However, the number o f phonated /b, d, g/ closures in the /pas/ context is smaller for word- 

final stops than for word-initial stops to such an extent that the number o f unphonated word- 

final /b, d, g/ closures exceeds the number of phonated /b, d, g/ closures. This results attests 

to the phonetic/acoustic neutralization o f the distinction between /b, d, g/ and /p, t,k/.
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Table 8

Number o f times phonation is present or absent through the cvC closure

/pa/ context /pas/ context

/b, d ,g / /p, t, k/ /p. t, k/ /p, t, YJ

No phonation 3 316 193 268

Phonation 288 1 93 9
Throughout
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In summary, four acoustic correlates o f the voicing distinction (preceding vowel 

duration, closure duration, closure voicing and aspiration) reliably differentiate /b, d, g/ from 

/p, t, k/ in three contexts (word-initial stops in /pa/ and /pas/ contexts and word-final stops in 

the /pa/ context). A striking case o f regressive voicing assimilation emerges: /s/ of /pas/ is 

phonated throughout and is produced acoustically as a [z]. One striking effect on word-final 

stops in the /pas/ context was that voicing-related duration differences were dramatically 

reduced, suggesting that neutralization has taken place.

Durational measures for place o f articulation

Statistical analyses performed on the mean durations and Standard Deviation for 

each place o f articulation indicate that Cvc:aspiration reliably increases as place of 

articulation moves back in the mouth for word-initial stops in the /pa/ (M /b/ = 3 ms, SD = 

2; M /d/ = 10 ms, SD = 6; M /g/ = 13 ms, SD = 5; M /p/ = 16 ms, SD = 4; M IV = 21 ms, 

SD = 5; M /k/ = 33 ms, SD = 7) ( /b/ vs. /g/: t(8) = - 7.57, p < 0.00005; /p/ vs. /t/: t(8) = - 

4.41, p < 0.002; IV vs. Ik/: t(8) = -8.59, p < 0.00004; Ik/ vs. /p/: t(8) = -10.73, p < 0.00005) 

and /pas/ contexts (M Ibl = 7 ms, SD = 4; M /d/ = 16 ms, SD = 6; M /g/ = 21 ms, SD =7; M 

/p/ = 14 ms, SD = 4; M IV = 25 ms, SD = 6; M /k/ = 32 ms, SD = 6) (Ibl vs. /g/: t(8) = - 7.4, 

p < 0.0001;/ d/ vs. Ibl: t (8) = 5.10, p < 0.00097; /p/ vs. IV: t(8) = -5.69, p <0.00052; Ikl vs. 

/p/: t(8) = 8.72, p < 0.000038). The aspiration o f the word /a/ that follows cvC’s (i.e. word- 

final stops) in the /pa/ context increases as place o f articulation moves back in the mouth for 

/p, t, kJ only (M /p/ = 15 ms, SD = 4; M IV = 24 ms, SD = 6; (M /k/ = 36 ms, SD = 7) (/p/ 

vs. /k/: t(8) = 11.18, p < 0.000006; IV vs. /p/: t(8) = 6.8, p < 0.0002; Ikl vs. IV: t(8) = 9.07, p 

< 0.000006). Word-initial labial closures in the /pas/ context (M /b/ = 76 ms, SD = 8; M /p/ 

= 87 ms, SD = 11) are significantly longer than either alveolar (M /d/ = 62 ms, SD = 11; M
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/XJ = 69 ms, SD = 13) or velar closures (M /g/ = 62 ms, SD = 10;; M fk! = 66 ms, SD = 11) 

{Ibl vs. /g/: t(8) = 4.19, p < 0.0027; /p/ vs. /t/: t(8) = 5.52, p < 0.00062; Ikl vs. /p/: t(8) = - 

19. 2, p < 0.00000019). Word-final labial closures in the /pa/ context (M Ibl = 62 ms, SD = 

9; M /p/ = 82 ms, SD = 14) are also significantly longer than either word-final alveolars (M 

/d/ = 47 ms, SD = 8; M M  =? 1 ms, SD = 13) or word-final velars (M /g/ = 49 ms, SD = 4; M 

Ikl = 70 ms, SD = 11) {Ibl vs. /g/: t(8) = 4.5, p < 0.001; /d/ vs /b/: t(8) = -9.2, p < 0.000027; 

/p/ vs. /k/: t(8) = 4.49, p < 0.001; !M vs. /p/: t(8) = 6.4. 2. p < 0.0002). Finally, place-related 

vowel duration differences are not consistent across context: for word-initial stops in the /pa/ 

context, vowels before velars (M/g/ = 82 ms, SD = 14; M Ikl = 70 ms. SD = 10) and labials 

(M /b/=78 m s , SD = 13; M/p/ - 67 ms, SD = 10) are significantly longer than vowels before 

alveolars (M /d/= 74 ms, SD =12; M/t/ = 65 ms, SD = 10 ). In word-final stops in the /pa/ 

context, vowels before velars (M/g/ = 92 ms, SD = 16; M Ikl = 77 ms, SD = 11) and labials 

(M lbl=92 m s , SD = 16; M/p/ = 80 ms, SD = 14) are significantly longer than vowels before 

alveolars (M /d/= 78 ms, SD =16; M/t/ = 65 ms, SD = 11) while for word final- stops in the 

/pas/ context, vowels before Ipl (M = 72 ms, SD =10) and Ikl (M = 67 ms, SD =12) are 

longer than vowels before III (M = 59 ms, SD =116).

Overall, systematic and unsystematic results have been found for place of 

articulation. Among the systematic results are: aspiration duration increases as place of 

articulation moves back in the mouth in three contexts (word-initial stops in /pa/ and /pas/ 

contexts and word-final stops in the /pa/ context); Ibl closures are longer than either Id! or /g/ 

closures for word-initial stops in /pas/ context and for word-final stops in the /pa/ context. 

Place-related vowel duration difference, however, were not systematic.
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CHAPTER V 

DISCUSSION

In the /pa/ context, results showed that the duration o f the vowel /a/ in /pa/ is of 

greater duration before word-initial /b, d, g/ than before word-initial /p, t, k/. Closure 

durations o f the first consonant in the target Cvc and the aspiration durations o f these 

consonants are shorter for word-initial /b, d, g/ than for word-initial /p, t, k/. Finally, 

speakers consistently phonate during the closure o f  word-initial /b, d, g/ while they 

consistently produce word-initial /p, t, k/ closures without phonation.

In the /pas/ context, speakers performed in a similar manner. That is, /pas/:vowel 

duration, Cvciclosure duration, Cvc:aspiration duration, and the presence vs. absence of 

phonation in the Cvc:initial closure statistically distinguish word-initial /b, d, g/ from word- 

initial /p, t, k/  in the same ways as they did in the /pa/ context. In the /pas/ context, speakers 

used one additional articulatory/acoustic feature differentially: /s/of /pas/ is consistently un- 

phonated in anticipation o f /p, t, k/ and so produced as [s] whereas /s/ is consistently 

phonated (produced acoustically as [z]) in anticipation o f /b, d, g/. The latter constitutes a 

case o f  regressive voicing assimilation. Table 9 summarizes these results.
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Table 9

List o f  articulatory/acoustic correlates o f  the voicing distinction that statistically

differentiate /b. d, g /from  /p, t, k / as a Junction ofphonetic contexts

Word-initial stops Word-final stops

/pa1 context /pa/:vowel duration cvCvowel duration
Cvcxlosure duration cvC: closure duration
Cvcxlosure voicing cvCxlosure voicing
Cvc: aspiration duration /a/:aspiration duration

pas/ context /pas/:vowel duration cvC:vowel duration
Cvcxlosure duration 
Cvcxlosure voicing 
Phonated /s/ o f /pas/ 
Cvc.aspiration duration

cvCxIosure voicing
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In summary, speakers used many of the same acoustic correlates to distinguish 

word-initial /b, d, g/ from word-initial /p, t, k/  in both the /pa/ and /pas/ contexts. To signal 

the voicing distinction, speakers produced an articulatory/acoustic gestalt in which longer 

vowel durations are accompanied by shorter phonated closures and minimally aspirated 

consonants (for /b, d, g/), whereas shorter vowel durations are associated with longer, un- 

phonated closures and maximally aspirated stops (for /p, t, k/). These combinations reflect 

the complementarity o f the articulatory gestures: vowel duration before /b, d, g/ requires 

longer sustention o f muscular activity (Raphael, 1975), which may shorten the articulation 

o f the stop consonant in its vicinity. In addition, when closures are phonated, there is a 

minimal build up o f air pressure in the oral cavity and hence minimal aspiration following 

the release. Lisker & Abramson (1964) pointed out that in languages with two phonological 

voicing categories, such as French or English, phonation and aspiration are mutually 

exclusive and VOT measures clearly separate the categories. This is not true in the case of 

languages with four phonological voicing categories such as Hindi, which contain voiced 

aspirates.

Clearly, the present results show that for word-initial stops there is an intricate 

relationship between gestures and that this relationship is maintained across variations in 

context: However, the weight o f  each component within this relationship varies by 

different amounts as a function o f contextual variations. For instance, speakers 

accommodate for the presence o f the /s/ in /pas/ by reducing the durations o f other 

articulatory/acoustic segments. Voicing-related duration differences in the /pa/ and /pas/ 

contexts are listed in Table 10. The differences were computed by subtracting segment 

durations in the /p, t, k/ contexts from those in the /b, d, g/ contexts. Negative values
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indicate that the durational measurements in the /p, t, k/ contexts are greater than those 

in the /b, d, g/ contexts. Cursory inspection o f the left-hand column o f this table shows 

that the voicing related differences between the vowels o f /pa/ and /pas/ are small in both 

/pa/ and /pas/ contexts (10-msec voicing difference in the /pa/ context; 9-msec voicing 

difference in the /pas/ context). Similarly, the voicing-related differences between 

Cvc:aspiration are about the same in the /pa/ and /pas/ contexts (-14-msec voicing 

difference in the /pa/ context; -10-msec voicing difference in the /pas/ context). But, the 

voicing related differences between Cvcxlosures are larger in the /pa/ context than in the 

/pas/ context (-22-msec voicing difference in the /pa/ context; -7-msec voicing difference 

in the /pas/ context). Overall, voicing related Cvcxlosure duration differences are more 

sensitive to a change from the /pa/ to the /pas/ context than are vowel and aspiration 

measures. It may be the case that this reduction o f the Cvc: closure durations in the /pas/ 

context is due to the additional phoneme /s/, irrespective o f  its voicing identity. Because 

the introduction o f a voiceless fricative phone is confounded with the addition o f  an extra 

phoneme, it is not possible to ascribe the decrease in Cvcxlosure solely to the presence of 

a voiceless phone before the target stop consonant. However, a study by Luce & 

Charles-Luce (1985) suggest that this reduction in Cvcxlosure may indeed be a result of 

a voiceless phone in the vicinity o f  /b, d, g/. They systematically manipulated the local 

phonetic context (vowel or stop) following the target stop, the voicing category o f the 

stop and the sentence position (phrase-final or non-final). They found that closure 

duration differences failed to reach significance in all cases where the target stop was 

followed by a voiceless sound (/t/) in non-phrase-final position, in phrase-final position, 

and for most test words ending in /d/ or /t/. These results led them to conclude that
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closure duration carries little perceptual weight. Finally, the percentage o f  phonated /b, 

d, g/ closures is also affected by the introduction o f the /s/ o f /pas/. Percentages o f 

phonated closures are listed in Table 11. This percentage drops from 99% in the /pa/ 

context to 89% in the /pas/ context.
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Table 10

Summary o f  voicing-related differences as a function o f  phonetic context and word position. 

The differences were computed by subtracting segment durations in the /p, t, k /  context from  

those in the fb, d, g / context. Negative values indicate that the durational measurements in 

the /p, t, kJ contexts are greater than those in the /b, d, g /  contexts. Duration differences are 

in ms.

Word-initial stops Word-final stops

/b. d, g/-/p, t, k/ /b, d, g/-/p, t, k/

Vowel duration /pa/:vowel 78 - 68 = 10 
/pas/:vowel 86 - 77 = 9

/pa/ context cvCivowel 87 -74 = 13 
/pas/context cvC: vowel 7 2 - 6 6 =  6

CVCiclosure
duration

/pa/ context 65 -  87 = -22 
/pas/ context 66 - 73 = - 7

/pa/ context 53 - 74 = - 21 
/pas/ context 60 - 63 = - 3

Cvc:aspiration /pa/ context 9-23 = -14  
/pas/ context 14 - 24 = - 10
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Table 11

Percentage ofphonated closures as a function o f  contexts and voicing categories.

/pa/ context /pas/ context

/b, d ,g / /p, t, k/ /b, d, g/ /p, t, k/

Word- initial 99% .003% 89% 0%

Word- final 98% .003% 30% .03%

Average 98.5% .003% 59.5% .015%
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Overall, these results indicate that for word-initial stops, the distinction tends to be 

reduced in the /pas/ context: the introduction o f a voiceless fricative phone (/s/) before the 

target stop affects closure durations of /p, t, k/ more dramatically than closure durations of 

/b, d, g/ (see Table 10). Furthermore, the number o f fully phonated closures is smaller in the 

/pas/ context than in the /pa/ context.

For word-final stops, findings show that in the context o f /pa/ ,4  acoustic parameters 

(cvC:vowel duration, cvC:final closure duration, phonation in the cvC:final closure, 

/a/:aspiration duration) statistically distinguish word-final /b, d, g/ from word-final /p, t, k/: 

cvC:vowel durations are longer before word-final /b, d, g/ than before word-final /p, t, k/. 

Word-final /b, d, g/ closures are shorter than word-final /p, t, k/ closures. The aspiration 

durations o f the word "a" (/a/) following word-final /b. d. g/ are shorter than those following 

word-final /p, t, VJ. Finally, word-final /b, d, g/ closures are consistently phonated whereas 

word-final /p, t, k/' closures are not.

For word-final stops in the /pas/ context, 2 acoustic parameters (cvC:vowel duration, 

phonation in the cvC:closure) statistically differentiate word-final /b, d, g/ from word-final 

/p, t, k/ in the same way as in the /pa/ context: cvC: vowel durations are significantly longer 

before word-final /b, d, g/ than before word final /p, t, k/ and /b, d, g/ closures are 

significantly more often phonated than /p, t, k/ closures. However, in this condition (word- 

final stops in the /pas/ context), the number o f unphonated /b, d, g/ closures (70%) exceeds 

the number o f phonated /b, d, g/ (30%) closures. The percentage o f cvCxlosures that are 

phonated decreases from 98% for word-final /b, d, g/ in the /pa/ context to 30% in the /pas/ 

context (where /si follows the target cvC). Hence, in this condition, neutralization o f the 

voicing distinction is phonetically realized by a combination o f articulatory maneuvers:
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speakers reduce closure duration differences by decreasing both word-final /b, d, g/ and 

/p, t, k/ closures (see Table 10) and they do not any longer systematically phonate /b, d, g/ 

closures (see Table 11). Neutralization also affects vowel duration: vowel duration 

differences for word-final stops decrease from 13 ms in the /pa/ context to 6 ms in the /pas/ 

context (see Table 10).

Overall, similarities in the patterns o f results emerge for word-initial and word-final 

stops in both /pa/ and /pas/ contexts. The same acoustic correlates combine to produce 

patterns o f differences that are qualitatively similar but that differ in magnitude. For 

example, vowels preceding the target stop are longer before word-initial and word-final /b, 

d, g/ than before word-initial and word-final /p, t, k/ regardless o f the phonetic context (/pa/ 

or /pas/). But these voicing-related differences tend to be greater in the context o f /pa/ than 

in the context o f /pas/. The /b, d, g/ closure durations are shorter than the /p, t, k/ closure 

durations in both phonetic contexts and regardless o f word-stop position. They are, however, 

always shorter in the /pas/ than in the /pa/ context whether the target stop is in word-initial 

or in word-final position. Similarly, Cvc:aspiration durations are shorter for word-initial /b, 

d, g/ than for word-initial /p, t, k/ but the difference is larger in the /pa/ context than in the 

/pas/ context. Finally, word-initial and word-final /b, d, g/ closures are more often phonated 

than word-initial or word-final /p, t, k/ closures; but word-final /b, d, g/ closures become less 

frequently phonated in the /pas/ context. The percentage o f phonated closures is minimally 

affected by a change in stop position within the word, but it is greatly affected by the 

interaction o f word-stop position with the addition o f a voiceless fricative following the 

word-final stop (cvC): The percentage o f phonated word-final stop closures decreases by
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about 50% from 89% for word-initial stops in the /pa/ context to 30% for word-final stops 

in the /pas/ context (see Table 11).

In summary, all voicing-related acoustic correlates (vowel duration, closure 

duration, CvC:aspiration, closure voicing), tend to be reduced in the /pas/ context with the 

reduction being greater for word-final stops than for word-initial stops. Even though the 

presence o f phonation during word-final /b, d, g/ closures is a statistically significant 

acoustic correlate o f voicing class in the /pas/ context (30%), closure phonation is much less 

common than in the /pa/ context (98%). This dramatic difference in the occurrence of 

phonation in word-final /b, d, g/ may be caused by the difficulty in maintaining vocal fold 

pulsing in anticipation o f  a voiceless sound (the /vCs/ context), although in the case o f word- 

initial stops, speakers are able to phonate through the frication o f /s/ o f /pas/ in anticipation 

of /b, d, g/ (the /VsC/ context). The order o f the phones may account for the difference: That 

is, regressive voicing assimilation may produce a stronger effect than carryover assimilation. 

Note that the closure durations are more affected by the difference between the /pa/-/pas/ 

contexts than are any o f the other acoustic correlates. Vowel duration remains relatively 

immune to the variation in the context from /pa/ to /pas/ for word-initial stops but it shows a 

mild sensitivity to the same contextual variation for word-final stops.

Clearly, in the /pas/ context, speakers tend to use smaller voicing-related durational 

differences, as well as less frequently phonated closures. It is not know if and to what extent 

smaller voicing-related durational differences affect perception. Given that for word-initial 

stops, closure voicing and vowel duration remain virtually unaffected by the difference 

between the /pa/ and /pas/ contexts, it seems unlikely that context plays an important role 

perceptually. But for word-final stops, it is expected that perception o f the voicing contrast
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will be strongly affected by these contextual differences. In light o f the reduction in 

voicing-related word-final closure durations and in the percentages o f  phonated word-final 

/b, d, g/ closures in the /pas/ context, one would expect identification levels o f word-final /b, 

d, g/ in /pas/ context to be low. The basis for neutralization at the production level and 

possibly at the perceptual level might be the differential manner in which word-endings are 

treated relative to word-beginnings.

There are some similarities between the findings o f this study and those o f Laeufer’s 

(1996a;b 1992). Consonant closure durations for each study are listed separately for each 

context in Table 12. Laeufer (1996a,b ; 1992) used a vocalic context before and following 

target consonants which allows us to compare her data with the results o f this study 

collected for the /pa/ context. There is no available comparison with /pas/ context. Note that 

the differences listed on the right hand-side o f table 12 are all in the same direction: /b, d, g/ 

closures are shorter than /p, t, k/ closures in all studies. Voicing related differences are larger 

in two o f Laeufer’s studies relative to our study. Note also that word-initial stops in Laeufer’s 

study (1996a) are about 50% longer than word initial stops in the present study. Perhaps 

Laeufer*s speakers were asked to produce all word-initial stops in a blocked session at the 

beginning o f the recording period which would account for the much longer durations 

observed in this condition only. Hence, sentences might have been produced using careful 

speech in the initial-stop condition, whereas speakers may have become less careful by the 

time they produced sentences in the final-stop condition. The consonant durations found in 

this study are shorter than those o f Laeufer’s in all conditions, which suggests that our 

speakers did not use careful speech.
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Table 12

Consonant closure durations from  Laeufer (1996a, 1992) and current findings. The 

difference (Dif.) was calculated by subtracting /p, t, kJ consonant closure durations from  /  b.

d, g /  consonant closure durations .Durations are in ms.

/b, d, g/ /p, t, kI Dif

Laeufer (1996a) 
Medial context 
Under focus

Word-initial 118 139 -21

Laeufer (1996b)
Table 6 Word-final 73 105 -32

Laeufer (1992)
Medial context 
Under focus 
Table V

Word-final 71 102 -31

Current study 
/pa/ context

Word-initial 65 87 -22

Word-final 53 74 -21

Current study 
/pas/ context

Word-initial 66 73 -7

Word-final 60 63 -3
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Similarly, Laeufer’s vowel durations are twice as long as the vowel durations 

found in the present study, which reinforces the hypothesis that her speakers produced 

over-articulated speech. Vowel durations and vowel duration ratios are listed in Table 13 

separately for each study and each context. The vowel duration ratios were obtained by 

dividing durations o f  vowels preceding /p, t, k/ by durations o f vowels preceding /b, d, g/. 

Laeufer's vowel duration ratios (1992, 1996b) are the smallest, which indicates that her 

speakers maximized the voicing-related vowel durational differences, probably because 

they used careful speech. In the present study, vowel durations are shorter, voicing- 

related vowel durational differences are smaller and the ratios are closer to 1, reinforcing 

the conclusion that speakers did not used careful speech.
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Table 13

Vowel durations, vowel duration differences (Dif.) and vowel duration ratio fo r  each

study and each context. Durations are in ms.

/bdg/ /ptk/ Dif. Ratio

Laeufer (1992)
medial context under focus non vocalically 
released stops (table X)

171 134 37 .78

Laeufer (1996b) (table 5) 154 120 34 .78

Current study 
/pa/ context only

Word-initial
/pa/-vow

78 68 10 .87

Word-final
CVC-vow 88 74 14 .84

Current study 
/pas/ context only

Word-initial
/pas/-vow

86 77 9 .90

Word-final
CVC-vow

7 2 66 6 .92
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Comparing Laeufer’s percentages o f phonetically voiced closures with 

percentages obtained in the present study is difficult since she used a different criteria 

than the one used in the current study. She recorded the percentages o f closures voiced 

throughout (100%); the percentages o f tokens with phonation over more than half o f the 

closure duration (50+%); the percentages o f stops with phonation over half or less o f the 

closure interval (50-%); and finally the percentages o f totally unphonated /b, d, g/ 

closures. In addition, we rarely found closures devoid o f phonation for either /p, t, k/ or 

/b, d, g/. In spite o f  differences in criteria used in the present study, Laeufer (1996b) 

percentages o f  /b, d, g/ closures phonated over more than half their durations (95%) is 

close to the percentage found in the current study (98%).

Overall, Laeufer’s findings and those o f the present study concur. But her longer 

durations and larger durational ratios, added to the fact that her values were not much 

different from those that Mack (1982) found in citation-form material, suggest that her 

speakers were producing sentences using over-articulated or careful speech. In agreement 

with Luce & Charles-Luce (1985), the present findings suggest that closure duration is 

not a distinguishing acoustic correlate when the target sound is followed by a voiceless 

sound. Luce & Charles-Luce (1985) found that English speakers fail to produce a 

significant voicing-conditioned difference in closure duration in the case where the word- 

final stop was followed by the voiceless sound N . The present study reveals that vowel 

duration statistically distinguishes the voicing categories in all contexts, which agrees 

with the findings o f  Luce & Charles-Luce (1985) that voicing-related vowel duration
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differences were significant in all contexts, whether the phoneme following the word- 

final stop was a voiceless stop or a vowel.

We also examined the potential influence o f place o f  articulation on the voicing 

distinction. In the /pa/ context, vowel duration (/pa^vowel) is longer for word-initial /g/ 

than for word-initial Ibl or /d/. Cvc:aspiration durations increase as place of articulation 

moves back in the mouth for both word-initial /b, d, g/ and word-initial /p, t, k/. In the /pas/ 

context, Cvciaspiration durations also increase as place o f articulation moves back in the 

mouth and Cvcxlosure durations for labials are longer than those for alveolars or velars for 

both word-initial /b, d, g/ and word-initial /p, t, k/.

For word-final stops in the /pa/ context, cvC:vowel durations are shorter for 

alveolars than for labials or velars for both voicing groups; in addition, the aspiration 

durations (/a/:aspiration) o f the word “a" is longer following D/J than following /t/ or/p/. 

Finally, the cvC:closure duration o f Ibl is longer than those o f either /d/ and /g/. For word- 

final stops in the /pas/ context, cvC:vowel durations are shorter for III than for /p/ and Ikl.

In agreement with Laeufer (1996a), labial closures are consistently longer and in 

some cases, closure durations decrease as place o f articulation moves back in the mouth. 

Laeufer (1992) contends that "it is related to the variation in VOT values: from front to 

back, closure duration decreases as VOT increases" (p.97). Note that in our study, 

aspiration duration also increases as place o f articulation moves back in the mouth.

Conclusions

Overall, the present research highlights the critical influence o f phonetic context on 

the production o f the stop consonant voicing distinction in French. The results indicate that 

phonation in /b, d, g/ closures is the most consistently reliable articulatory/acoustic correlate
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o f the voicing distinction, whereas consonant closure duration is the least reliable 

correlate. It is in agreement with the conclusions reached by Luce & Charles-Luce (1985). 

Perceptual studies are needed to test this as a working hypothesis.

The results o f the present study raise a number o f other questions that need to be 

answered by subsequent research. For instance, the question remains as to whether word- 

final /b, d, g/ can be distinguished from word-final /p, t, k/ in a voiceless context. Word- 

final consonants may, in general, be more difficult to perceive than word-initial 

consonants. Future perception studies should attempt to test this hypothesis and to see if 

a voiceless context has specific effects on the perception o f  stop consonant voicing. 

Further, work needs to be done to determine which acoustic correlates and clusters of 

correlates are relied upon by listeners to perceive phonological voicing distinctions in all 

contexts/word-positions.
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Appendix A

Parameters fo r  narrow-band and wide-band spectrograms, fo r  FF T analyses and 

windows' attributes are listed.

Narrow-band Wide-band FFT W indows’

spectrogram spectrogram attributes

512 points 100 points 256 points Not

(45.78 Hz) (234.38 Hz) (15.625 ms window) normalize
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Appendix B

CVC syllables are displayed as a function o f  the voicing category and the place o f  

articulation

Word-initial stops Word-final stops

Labials Bek-Pek u eB  -geP

Bot-Pot boB-boP

Alveolars Det-Tet teD-teT

Dop-Top koD-koT

Velars Get-  Ket p eG -p eK

God*-kod doG-doK

* non-sense words
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