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Abstract

There has been a general perception that the English voiced stops /b, d, g/
before and after a pause or silence are more often confused with the initial
voiceless stops /p, t, k/. Thus, in distinguishing the two, listeners most often
depend on the onset of voicing of the following segments. Voice onset time,
therefore, serves as a significant cue in distinguishing English voiced stops
from their voiceless counterparts. Interestingly, voiceless stops in many Gha-
naian indigenous languages appear to be weakly aspirated; they are perceived
to be made with a very short voice onset time. However, listeners are able to
distinguish the voiceless stops from their voiced counterparts. What this study
sought to do was to investigate the production of English initial voiceless
stops, /p, t, k/ in Ghanaian English. Specifically, it sought to examine the
voice onset time of the stops, and whether listeners are able to distinguish
English stops made with weak aspiration from the voiced stops before and af-
ter a pause. The study used 112 Ghanaian speakers, 76 for a production test;
they produced 21 tokens of the stops in a /p/-, /t/- and /k/- initial words, and
36 for a perception test; they listened to words produced with voiced stops in
a /b-b/, /d-d/ and /g-g/ environments. The study has revealed that for all the
voiceless stops, voicing for the following segments began after the stops were
released, and there was no pre-voicing or voice lead. However, for some of
the stops, voicing coincided with the release, while for some voicing began
after an appreciable amount of time after the release burst. The length of the
VOT was found to have been affected by place of articulation and vowel con-
texts. However, speaker sex seems to have no effect on the length of the VOT.
It is clear that Ghanaian speakers of English would have no difficulty distin-
guishing weakly aspirated stops from voiced stops before and after a pause.
Also, understanding words having the initial voiced stops before and after a
pause and weakly aspirated stops produced by Ghanaians will not be a prob-
lem to listeners.
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1. Introduction

In phonetics, voice onset time (VOT) is a very important feature in the produc-
tion of stop consonants. It is defined as the period between the release of the ar-
ticulators for a stop and the onset of vocal fold vibration of the following seg-
ment. According to (Kaur, 2015), it is a measure of the time between the burst of
a plosive and the onset of voicing of a subsequently voiced phoneme. In English,
we can distinguish two types of contrastive stops: voiced /b, d, g/ and voiceless
/p, t, k/ stops according to the state of the glottis. That is, voiced stops in English
contrast phonemically with the voiceless ones. But the difference is not just one
of voicing during the consonant closure (see Ladefoge & Johnson, 2011). As they
noted, most people have very little voicing when the lips are closed during the
production of for example, /p/ in “pie” or /b/ in “buy”. But it is clear that in
“pie”, there is a moment of aspiration (a period of voicelessness) after the release
of the lip closure for /p/ and before the start of voicing for the vowel. It is this
interval that shows that the stop is aspirated. Interestingly, the amount of voic-
ing in each of the so-called voiced stops [b, d, g] depends on their context. They
are only fully voiced (i.e. voicing usually occurs throughout the stop closure)
when they occur in between two voiced sounds. But according to Ladefoge &
Johnson (2011), most speakers of English have no voicing during the closure of
the so-called voiced stops in silence initial position, or when they occur after a
voiceless sound as in for example, “bag” /baeg/ or “brass band” /baes beend/ re-
spectively.

Meaning that we cannot use the state of the glottis alone to determine the dif-
ference between voiced and voiceless stops in English. We can, therefore, dis-
tinguish two types of non-contrastive stops which depend significantly on the
release of the stop and the onset of vocal fold vibration of the following segment.
For instance, we can have zero, negative or positive voice onset times, and the
timing is always relative to the stop release burst (Kaur, 2015). Thus, English
stops are typically placed into one of three distinct types of voice onset time. We
say a voice onset time is negative when voicing starts before the release of the
stop; when voicing starts during the hold/closure phase for the stop. This is also
described as “voice lead” or “pre-voice”. Negative VOT is typical with voiced
stops, which normally have their voice onset times noticeably less than zero
(Kaur, 2015). The voiced phonemes /b, d, g/ are therefore categorised as pre-voiced
or “voicing lead”. The diagrams below show the production of the English stops.

Both Figure 1(a) and Figure 1(b) show the stages of plosive production. In

Figure 1(a) we see the closure of the two articulators. In English, this closure
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Figure 1. (a & b) Articulation of English stops.
https://en.wikipedia.org/wiki/Voice_onset_time

could be between the lips, or between the tongue tip and the alveolar ridge, or
between the back of the tongue and the velum. After the closure, there is the
hold phase (where supraglottal pressure builds, and also the release stage/phase.
In 1b we see two phases; the hold phrase where subglottal activity takes place,
and the release phase indicating the various voice onset times. Smith (1978),
McCrea and Morris (2005) have observed that in the production of voice lead
phonemes, voicing occurs before the burst which results in a negative VOT value
shown in the figures.

VOT is however termed “positive” when voicing starts after the release of the
stop (i.e. after the burst), resulting to what is called “voice lag”. The voice lag
could be short or long depending on whether the stop is made with aspiration or
without aspiration. The short lag is termed zero; if voicing occurs simultaneous-
ly or just after the burst. This results in a VOT value very close to zero or a small
positive value approximately 20 milliseconds (Smith, 1978; Swartz, 1992). Stops
with very short voice lag tend to have values ranging from 0 to 25 ms with a me-
dian value of 10 ms (Auzou et al., 2000). These are normally voiceless unaspi-
rated stops in English; they turn to be made with a very short voice onset time at
or near zero (voicing is simultaneous with the stop release). Auzou et al. (2000)
believe that an offset of 15 ms or less for [t] and 30 ms or less for [k] is inaudible

and counts as unaspirated. Aspirated stops are, however, made with long lag.
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Nonetheless, they turn to have a longer VOT when followed by sonorants. The
length of the VOT in such a case is usually a measure of aspiration; the longer
the VOT, the stronger the aspiration. In Navajo, stops which are strongly aspi-
rated, the aspiration (i.e. the VOT) lasts twice as long as it does in English: 160
ms vs. 80 ms for k"], and 45 ms for [k]. Some languages are, however, weak as-
pirated languages. The voiceless unaspirated velar stop [k], for instance, tends to
have a VOT of about 20 - 30 ms; a weakly aspirated [k] of about 50 - 60 ms; a
moderately aspirated [k"] averaged 80 - 90 ms, and anything much over 100 ms
would be considered strong aspiration (see Smith, 1978; McCrea & Morris, 2005).
Smith (1978) found that speakers produced all the English voiced stops as voice
lead consistently (i.e. where voicing coincides with the burst); e.g. bilabial /b/
56%, the alveolar /d/ approximately 50%, and the velar /g/ about 39%. The
voiceless stops /p/, /t/, and /k/ are, however, classified as long voice lag pho-
nemes, during whose production voicing occurs significantly after the burst, which
normally results in positive VOT values (Lisker & Abramson, 1964; Smith,
1978). The length of the values can vary from one speaker to the other.

Lisker and Abramson (1964) had a similar result. They found that English
voiced stops /b, d, g/ are produced more frequently as short voicing lag pho-
nemes. What they mean is that individual speakers most often use one voicing
mode for voiced stop consonants. However, the study made by Smith (1978) has
shown that speakers do not exclusively use one voicing mode for the stops, they
tend to switch between voicing lead and short voicing lag modes depending on
contexts. The lead or pre-voicing and short lag stops are, therefore, allophones
or allophonic variants of /b, d, g/. They are in free variation and do not change
meaning. The speakers are, thus, free to use either lead or short lag for /b, d, g/ at
will. Many listeners treat the lead and short lag stops as equivalent. However, in
the early native-English speech development, it was noticed that listeners tended
to have some difficulty hearing the difference between lead and short lag allo-
phones of /b, d, g/. Recent studies on VOT of English stops have shown that na-
tive English speakers use either short voicing lag or long voicing lag mode. And
that for long voicing lag phonemes, VOT values tend to range between 60 and
100 milliseconds. In English, voicing can therefore successfully separate /b, d, g/
from /p, t, k/, but only when stops are at word-medial positions, meaning that
this is not always true for word-initial stops. Strictly speaking, word-initial voiced
stops /b, d, g/ are partially voiced, and sometimes are even voiceless. The con-
cept of VOT finally acquired its name in the famous study of (Lisker & Abram-
son, 1964). One of their earliest works on voice onset time for instance, indicates
that:

“... a difference of voicing not only separates voiced from voiceless stops, but
that it equally well distinguishes aspirated from unaspirated stops, where the lat-
ter are both commonly called voiceless. The noise feature of aspiration, instead
of being considered coordinate with voicing, is then regarded simply as the au-
tomatic concomitant of a large delay in voice onset. In English, at least, this
seems reasonable: /b, d, g/ and /p, t, k/ probably differ everywhere in the time of
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voice onset relative to release, but in certain positions the presence of aspiration
noise tells us something about the absolute magnitude of delay in the onset time
following /p, t, k/ releases ... ” (p. 387).

Voice onset time is affected by several factors. Among these are: place of arti-
culation, vowel height, and stress (Kaur, 2015). The lag has been found to be
greater for voiceless stops than it was for voiced stops. But it was found to be
more profound as the place of articulation moved from bilabial to alveolar and
then to velar stop. The difference in the lag, as was observed, could be as a result
of differences in the pressure drops upon the release of the stop. For instance,
the more abrupt the pressure drop is, the sooner the voicing of the next segment
starts. This could result to a reduction in aspiration, that is, shorter lag. A test
conducted by Kaur (2015) on the three places of articulation of stops shows that
the tongue dorsum separates more slowly, thus less abrupt pressure drop from
the velum for /k/ than the tip from the alveolar ridge for /t/, or from the lips for
/p/. Their observation means that voice onset time increases as the place of arti-
culation moves from front to back. It had also been noticed that the lag of the
stops was greater when stops were followed by high vowels such as /i/ with
greater vocal tract constriction, than when they were followed by low vowels
which naturally have less vocal tract constriction. The reason for this effect has
also been attributed to the abruptness of the pressure drop. High vowels have a
more obstructed cavity than low vowels. Consequently, the pressure drops for
stops produced in the environment of a high vowel would have less abrupt
pressure drop, and a stop produced in such environment will have a longer lag
than the one produced before a low vowel.

Stress has also been observed to have a significant effect on the timing of voice
onset time. For instance, studies have shown that English voiceless stops in
stressed syllables tend to have greater voicing lag than those in unstressed syl-
lables. Lisker and Abramson (1964) examined the release burst of /p, t, k/ and
revealed that the onset of the burst relative to the onset of voice onset time af-
fected the formant transition structure. They observed that an increase in the
stop burst could lead to an increase in the voice onset time. If the VOT is in-
creased, transition into the following vowel may be largely complete at the be-
ginning of voicing for the next vowel, so that the duration of devoiced transi-
tions relative to voiced transitions is increased. Since released burst duration
typically increases from labial to alveolar to velar points of articulation (Lisker &
Abramson, 1964), it is possible to predict corresponding increases in the per-
ceptual weight attached to devoiced transitions. Bursts tend to show a strength
hierarchy: voiceless aspirated to voiceless unaspirated and then to voiced stop.
That is, burst spectrum of voiceless aspirated stops have more energy than that
of unaspirated and voiced stops, but the source spectra for aspiration is nearly
the same as that for fricatives (Hilary, 2005).

Gay (1978) investigated three male American speakers and showed that F2
onset in the aspirated bilabial stop [p"] in “pap” [p"ap] and [p"up] was about 180
Hz higher than in the bilabial [b] in the syllables /bap/ and /bup/. It was however
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about 125 Hz lower in bilabial stop /b/ before the high front vowel /1/ in [p"ip]
than in /bip/. Fant (1973) therefore explains that in the articulation of voiced bi-
labial stop /b/, the tongue is more nearly in the position for the vowel before the
release of the stop closure than it is for the [p"]; hence a shorter VOT. As the ar-
ticulators begin to move towards the vowel, the release of aspirated stops may
occur earlier in time than that of unaspirated stops so that energy begins while
the articulators are still farther away from the vowel target (Ohman, 1965; Fant,
1973). Also, the higher F2 onsets for aspirated stops may arise from the open
glottis during aspiration. The aspirated stops therefore tend to have stronger
bursts than the unaspirated stops (Zue, 1976). According to Lisker & Abramson
(1967), although aspirated alveolar stops have longer VOTSs than those of labial
stops; VOT serves as a weak cue for stop place identification since VOT varies
from one speaker to the other and so can be misleading; listeners will only
perceive labials when VOT is relatively short and alveolars when VOT is rela-
tively long and nothing else. This then implies that several acoustic cues are

needed for stop identification.

Study Objective

The general perception is that the so-called English voiced stops tend to be con-
fused with the voiceless stops unaspirated stops. But this is not the same in Ewe
language, which appears to be a weakly aspirated language (my own observa-
tion). The purpose of this research was to examine the production of English
voiceless stops among Ghanaian speakers of English. Also, to find out if listeners
are able to distinguish voiced stops from weakly aspirated stops produced by

Ghanaian speakers.

2. Methodology

Seventy-six (76) Ghanaian speakers of English from Peki and Keta were given
task to perform. The first task was a reading task made of a list of words pro-
duced in isolation. This was presented visually on a monitor. The speakers were
asked to read the words in a quiet room, which were recorded using Handy4
Next audio recorder with a sampling rate of 44.1 kHz (i.e. 44,100 times per
second) with a 16 bit resolution. The words were English words with the voice-
less stops at word initial position in different vowel environments. They were
presented in random order for each participant. The stimuli consisted of 35
words: 21 test items, 7 each representing the three voiceless stops at word-initial
position, and 14 distracter items with initial sonorants, fricatives, etc. All the test
items were selected using Wells” (1982) lexical framework, and were all mono-
syllabic words. No words with onset and coda clusters or initial voiced stops
were included except the distractor items.

The second task involved a perception test conducted with 36 Ghanaian
speakers of both genders between 30 and 50 years of age across the 21 plus an

additional nine words of initial /b, d, g/. The listeners for the test were selected
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according to their demographic characteristics. This information was collected
based on their medical records, which was retrieved from the university’s hos-
pital under the permission of the participants. All the participants provided
written informed consent forms to participate in this study, which was then ap-
proved by the ethics committee. None of the subjects had a hearing impairment.
All the listeners wore a headphone. All the speech perception tests were applied
in a soundproof booth using an audiometer connected to an amplifier and an
acoustic box. The subjects were positioned at a distance of one meter from the
loudspeaker.

The signals were then played to the listeners for the purpose of identifying and
labelling the variables as voiced or voiceless stops. The focus, therefore, was on
whether the subjects would be able to hear any contrasts between the stops with
short VOT (unaspiration) and the voiced initial stops. In this test, the stops with
very short VOTs were selected and paired with the voiced stops. The subjects
were taught the difference between the voiceless stops and the voiced stops. They
were then asked to tick whether what they heard was voiceless or voiced. The
researcher believes that once the listener is able to identify and label the stops
with a short VOT as voiceless stops and the initial voiced stops as voiced, it is
highly likely that they would be able to distinguish voiced stops from voices

stops spoken in every context.

Data Analysis

Measuring the voice onset time (VOT)

Voice onset time is usually measured in milliseconds (ms). To measure this,
wide-band spectrograms of the recordings were made using PRAAT software.
From these, the voice onset times of each of the voiceless stops were measured
for each speaker. The measurement was done by marking off the intervals be-
tween the release of the stop and the onset of glottal vibration (voicing). For in-
stance, the point of onset of voicing was determined by locating the first of the
regularly spaced vertical striations, which indicate glottal pulsing (on the PRAAT
window). What this means is that the beginning of the lag was identified by a
sharp spike where the waveform changes from quiescent to transient; the end
point; the onset of vocal fold vibration was determined from where the wave-
form becomes periodic. Thus, for the spectrographic readings, the voice onset
time intervals from the beginning of the release burst to the onset of voicing
were analysed. The VOT values of the target stops were obtained from the
waveform and verified with the spectrogram. Figures 2(a)-(c) show the produc-
tion of the three English stops /p, t, k/ by the speakers.

The areas marked in square in Figures 2(a)-(c), show both the start and the
release of the stops. The gaps between the release and voicing of the next seg-
ment are marked in square. Here, the phoneme /t/ has the longest VOT of 88
ms, /p/ has 19 ms and /k/ has 48 ms.

The areas marked in square show both the start and the release of the stops.
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(a) | (b)

©

Figure 2. (a, b, ¢) Voice Onset Times of the English voiceless stops /p, t, k/.

The gaps between the release and voicing of the next segment are marked in
square. Here, the phoneme /t/ has the longest VOT of 88 ms, /p/ has 19 ms and
/k/ has 48 ms.

3. Results and Discussion

The study has shown that the three English voiceless stops, /p, t, k/ were pro-
duced through the three stages of stop production; approach, hold and release
stages. It has been noticed that for all the stops, voicing began for the following
voiced sounds after they were released. This means that for the production of all
the stops, vocal fold vibration began after the release burst (i.e. they were all re-
leased with a positive VOT). Interestingly, two forms of the voice onset times
were noticed; a very short voice onset time where voicing began immediately the
stops were released, and a long voice onset time where voicing began after an
appreciable amount of time after the release of the stops. Voicing therefore coin-
cided with the release burst for some of them, while with others voicing began
after an appreciable amount of time after they were released. But we need to note
that there was no instance of pre-voicing or voice lead. Nevertheless, the voice
onset time among all the speakers was found to be generally short (32 ms on av-
erage). The length of the timing, however, varied according to different factors,
for example, place of articulation.

This variation came, for example, on average of 17 ms for bilabial, 60 ms for
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alveolar, and 23 ms for velar. Surprisingly, the alveolar stop had recorded the
highest value of about an average of 60 ms in all the contexts. This is contrary to
Kaur’s (2015) investigation which, for instance, showed the voiceless velar stop
recording the longest voice onset time among the three English voiceless stops
he had examined. Kaur (2015) attributed this to the abruptness of pressure drop
across the glottis. This study, nonetheless, partially supports the general percep-
tion that the English voiceless alveolar stop /t/ is generally released with frication
(i.e. it is released as if it were a fricative) by many Ghanaians. Releasing a stop
with frication can subsequently lead to a long VOT. Unfortunately, this present
study used Ewe speakers only. Also, there has not been any study on VOT in
Ghanaian English, and any of the Ghanaian languages. To be able to establish
this fact we would need more data from other language groups.

Apart from the place of articulation effect, I also noticed that variation in the
voice onset time occurred within each of the stops. This could be attributed to
different factors including vowel height; there has been an effect of vowel con-
texts on the voice onset time of the stops. A measure of the timing of all the ini-
tial stops, for example, has shown a relatively short VOT before high vowels
such as /i/ and /u/ (33 ms) than it was for the low vowel /a:/ (50 ms). This means
that the VOT was shorter when there was a following high vowel, and longer
when there was a following low vowel. This was inconsistent with previous re-
sults which recorded longer VOTs for high vowels than for following low vo-
wels. But one interesting thing I noticed was that all the high vowels were pre-
ceded by the alveolar stop which we have already seen has long voice onset time.
This can subsequently contribute to the long VOTs that we observed in this en-
vironment. For example, if we compare the voice onset time of /t/ in “tall” in
Figure 3(a) with that of “tool” in Figure 3(b), we will realise that /t/ before /o:/
in “tall” has a higher voice onset time than the one before /u:/ in “tool”.

This was the same with the /p/ of “peel” before the high vowel /i/, and of
“park” before the low vowel /a/. In each of the words, the /p/ before the high
vowel /i:/ had a longer voice onset time than the one before the low vowel /a/ in
Figure 4(a) and Figure 4(b).

In Figure 4, three things happened. In the first place, /p/ in park in Figure 4(a)

65ms

(a) (b)

Figure 3. (a & b) Voice onset time of /t/ in “tall” and “tool”. (a) /t/ in tall; (b) /t/ in tool.
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I Jihim
i

(a) (b)
Figure 4. (a & b) Voice onset time of /p/ of “park” and “peel”. (a) /p/ of park; (b) /p/ of
peel.

is followed by a low vowel /a/, and a voiceless coda /k/. /p/ in “peel” in Figure
4(b) is however followed by a high vowel /i/, enclosed with a liquid /l/. Note that
it had also been observed in this study that stops enclosed with liquid codas gen-
erally have long VOTs while those enclosed with voiceless stops have short
VOTs. A pattern that was also apparent here is that the words with longer VOTs
tended to have longer vowels immediately following the /p/, /t/ or /k/, and the
words with the shortest VOTSs tended to have back lax vowels and voiceless coda
consonants. At this juncture, the connection between vowel length and voice
onset time is consistent with the results of previous studies which indicate longer
VOTs coming at the expense of vowel duration. Nonetheless, longer VOT, there-
fore, meant more of the interval between the stop release and the end of the vo-
wel becoming voiceless. Thus, since words with longer vowels have initial stops
with longer VOTs in general, tokens with shorter vowels are more likely to have
initial stops with shorter VOTs.

Another thing that was apparent in this study was that the length of the VOTs
was interestingly large for some words. The words with the most environment
effects include “peel”, “tool”, and “tall”, which had closed codas with liquids and
long vowels. For example, these words which were followed by long vowels rela-
tively tend to have long VOTs than those that were followed by short vowels.
Similarly, words with initial stops closed with codas with the liquid /1/ had rela-
tively long VOTs. The longer VOT of some of these words could be explained by
the presence of the postvocalic liquid as there was an increase of VOT in these
contexts. It is, therefore, difficult however, to attribute all the effects of variation
to vowel contexts since not all vowel environments here were affected. For in-
stance, /k/ in the word “course” has a shorter VOT than the /k/ in “curve.” We
can see that although /k/ in both words are followed by long vowels, they have
different lengths of VOTs. It would be difficult, therefore, to improve our un-
derstanding of the vowel effect without analysing data from more words. There
is, therefore, the need to have more studies to establish this fact.

The estimated effect size for the liquid factor was greater than the effect of
following vowel height/duration. With the presence of the liquid accounting for
observed long VOTs, it has also been noticed that the VOT is shorter when the
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next syllable starts with phonetically voiceless consonants, and even shorter
when that voiceless obstruent is a stop. The effects of following voiceless ob-
struents and liquids help us to account for the reason why /p/ in the word “peel”
which is closed by a postvocalic liquid /I/ has a longer VOT than the /k/’s in
words like “cock”, “course” and “kept” with voiceless obstruent codas. It is also
clear why /t/ of “top” which is enclosed with a stop has a VOT shorter than that
of /k/ enclosed with /s/ in “course” even though both codas are voiceless. Fur-
thermore, syllabic liquids are associated with a longer VOT than would be ex-
pected based on their duration. This could be because liquids, being produced
with relatively closed vocal tract, similarly affect the tense vowels in delaying the
onset of voicing by reducing airflow.

Another thing examined in this work was variation between speakers, that is,
an interaction between VOT and the social variable, sex, of the speakers. It was
noticed that the voice onset time of the stops did not show cross-speaker varia-
bility. For example, the effect of sex on other factors such as vowel duration and
height were relatively consistent across speakers. The differences in the values of
the voice onset time for both sex groups were not very huge for all the three
stops. This showed that the variation in the VOT of the speakers is likely not as a
result of their social differences. Reduction in VOT in stops that are followed by
high vowels and voiceless obstruents is similar to Grassmann’s Law in which as-
pirated consonants in Greek and Sanskrit were de-aspirated when followed by
an aspirated consonant in the next syllable (Mielke & Nelson, 2018). In addition
to their occurrence in Greek and Sanskrit, similar anticipatory dissimilation of
aspiration had been observed in Ofo, an extinct Siouan language (De Reuse,
1981), and four Salish languages (interior Salish languages Kalispel, Okanagan,
Shuswap), and the other related studies.

The fact that anticipatory dissimilation of aspiration had been observed in
various unrelated languages suggested a phonetic basis for this pattern. Simons
(2009), for example, argues that Grassmann’s Law could have been allophonic at
the time that the dissimilation pattern developed in the Indo-European languag-

€s.

Perception Test

A perception test was conducted with 36 Ghanaian speakers of both sexes be-
tween 30 and 50 years of age. The focus was, therefore, on whether the subjects
would be able to hear any contrasts between the stops with short VOT (unaspi-
ration) and the voiced stops. In this test, the listeners were given a recording of a
list of words (nine in all) of the English stops, /b, d, g/ in /b-b/, /d-d/ and /g-g/
environments. These were compared with the voiceless stops produced with very
short VOTs. Thus, they were tested using words with initial voiced stops before
and after a pause or silence and those that were made with very short VOTs. The
signals were then played to the listeners for the purpose of identifying and label-
ling the variables. They were to identify and label them according to what they
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heard; whether what they heard was voiced or voiceless stops. But before the
task, the subjects were taught the difference between the voiceless and voiced
stops. Thus after this, the listeners were asked to tick whether what they heard
was the voiceless stops, /p, t, k/ or the voiced /b, d, g/ ones.

Interestingly, all the listeners were able to identify and label all the stops made
with short VOTs as voiceless and the voiced stops in all the words as voiced.
They were also able to identify and label the initial voiced stops before and after
a pause or silence as voiced and those that were made with very short VOTSs as
voiceless. That is, the listeners did not perceive any of the voiceless stops as
voiced stops. They were also able to distinguish the stops with short voice onset
times from those made with long VOTs. It is therefore obvious that the listeners
had no difficulty distinguishing between the stops with short voice onset times
and voiced stops before and after a pause. Only four (4) out of the 36 subjects
perceived the stops with short VOTs as voiced. However, this effect appears to
depend almost entirely on variation in the duration of the vowels immediately
following the stops. The duration of the silent stop closure, and the duration of
the test syllable itself was noticed to have had some influence on the identifica-
tion of stops as voiced or voiceless. It is clear that the distinction between initial
voiced stops before and after a pause and unaspirated stops will not be a prob-

lem to listeners.

4. Conclusion

This study has shown that the English stops, /p, t, k/ went through the same
stages of plosive articulation in Ghanaian English. In their productions, there
was no pre-voicing; voicing began for the following voiced segments after they
were released. But it has been noticed that for some of the stops, voicing coin-
cided with the release, while for some, voicing began after an appreciable amount
of time after the burst release. Voicing for the following segments varied ac-
cording to place of articulation, vowel contexts, vowel duration, and word type.
Again, speaker sex appears to have no effect on the realisation of the voice onset
times of the stops. Interestingly, the voice onset time was found to be generally
short among all the speakers. Nonetheless, listeners were able to label them as
voiceless; that is, they were able to distinguish between the voiceless stops with
short VOTs and the voiced stops before and after a pause.

We can, therefore, say that Ghanaian speakers of English realise English voice-
less initial stops with and without aspiration. However, they were able to identify
both as voiceless. There is, therefore, the possibility that Ghanaian listeners will
be able to tell the difference between voiceless stops (whether said with a short
or long VOT) and voiced stops before a pause or after a pause. They are highly
unlikely to have any difficulty distinguishing voiced stops before and after a
pause or silence from voiceless unaspirated stops. Finally, speaker sex is highly
unlikely to have any influence on the realisation of the voice onset times of the

stops in Ghanaian English.
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