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ABSTRACT

This study deals with data about the acoustic
properties of nasal vowels of the Twi language,
spoken in Ghana, compared to the oral counterparts.
Evidence from our data shows a general tendency
whereby F2 and F3 of the nasal vowels are lower
than the oral counterparts in both the short and long
contexts. Acoustic data also reveal that nasal-oral
contrast depends on the vowel type. Nasal vowels
have higher durational values than oral vowels in the
short and long phonological categories.
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1. INTRODUCTION

The language under study has nine oral vowels:
\i\, \I\, \e\, \E\, \a\, \O\, \o\, \u\, \u\ and
five nasal vowels. They are the contrasting
counterparts of the two high front oral vowels,
\i\ and \I\ the two high back vowels, \u\ and
\u\, and the low vowel \a\. Nasals are used for
lexical distinctions and they contrast with the oral
vowels after voiceless consonants. In both the oral
and written contexts Twi also has two contrasting
lengths in words. Quantity is used for lexical and
grammatical distinctions where the vowel is either
short or long.

The primary aim of this study is to undertake
acoustic analyses and to compare the production of
oral and nasal vowels and present the acoustic results
in both the short and long categories. First, durational
analyses of oral and nasal short/long vowels are
made. Second, formant structure investigations are
undertaken for the two phonological classes.

Building in part on previous research, this
investigation differs in one important respect. Nasal
study or nasal/oral comparison that takes into account
both short and long vowels, i.e. phonemic quantity
contrasts, has received very little or no attention in
the literature. In their acoustic and/or aerodynamic
studies [4, 6, 11], in acoustic, articulatory, perception
contributions [2, 3, 6, 7, 10, 16, 17, 19, 20], none of
these sources refer to phonemic quantity contrasts. In
other words, unlike most descriptive or oral/nasal
comparative methods proposed in the literature, this
study analyses both short and long vowels of the two
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phonological classes. Nasals in Twi have also
remained under-studied, so this investigation is a
contribution to research on oral/nasal comparison that
has been extensively studied in a good amount of
languages.

Previous studies on nasals [9, 10, 16] suggest that
resonant frequencies are lower than the oral
counterparts. There is also more damping resulting in
lower formant intensity especially in the range of the
second formant F2 related to changes in spectral
balance due to the loss of energy at higher
frequencies. The vocal tract is also shorter for nasal
vowels. Nasal vowels are more rounded, more open
and more back than the oral counterparts. The current
study will examine segmental durations and formants
of the two phonological classes.

2. METHOD

Two male adult native speakers with no speech or
hearing impairment were chosen for this experiment.
They produced Twi minimal pairs, of the two
phonological classes, embedded in a carrier sentence
‘Ka se__Kofi’ meaning ‘Say _ Kofi’. The corpus
was made up of oral/nasal contrasts for the short and
long categories in a C;VC, context where C; is /p/,
t/, Ik/, V is the short and long oral or nasal vowel,
and C, is /k/' of the carrier phrase. Acoustic
recordings were done with a Sennheisser E 845 S
directional microphone connected to a Marantz
Professional Solid State Recorder PMDG660. The
recordings were done at a self-selected speaking rate
in an anechoic room. The randomised list of
utterances was produced at least 10 times by each
speaker.

First, by means of a Praat sound editor, the
acoustic analysis was performed. Measurements of
duration were taken for the target vowel and the post-
vocalic consonant /k/, thus obtaining 3 different
durations: the target vowel, the post-vocalic
consonant and the syllable VV+C durations. Second, to
control vowel quality for the 2 phonological
categories, formant values (F1, F2, F3, F4) were
extracted at three equidistant points within each of
the oral and nasal vowels: at 25%, 50% and 75% of
the duration of the vowel. The data were then
averaged over the ten repetitions of each (short/long)
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oral and nasal vowel. The extraction of formant
values was done manually to achieve high accuracy.
Statistical analyses (ANOVASs) were carried out on
all measures obtained from the speakers (p<0.01).
Here are examples of monosyllabic words from the

corpus:
/ka/  ‘bite’ vs. /kd/  “‘say’, ‘drive’
/kaa/ ‘bit’ vs. /kdd/ ‘said’, ‘drove’
/tu/  ‘throw’, ‘buttocks’ vs. /t&/  ‘roast’, ‘bake’
/tuu/ “threw’ VS, /tG0/ ‘roasted’, ‘baked’

3. RESULTS AND DISCUSSION

3.1. Durational data analyses

Vowel data comparison of absolute values in the oral
and nasal groups reveals that nasal vowels are
systematically longer than the oral counterparts for
both short and long vowels, for the two subjects. This
is in agreement with previous findings on vowel
durations [5, 12, 14, 15, 23]. As depicted in figs 1
and 2, short /i/ measures 88 ms and long /i/ 252 ms
with very low standard deviations of 11 ms and 29
ms, whereas the nasal counterpart measures 113 ms
and 279 ms (standard deviations of 14 ms and 23 ms)
for the short and long respectively for Speaker 1. The
corresponding values for the second speaker are 58
ms and 124 ms (standard deviations: 10 ms and 28
ms) for oral /i/ and 87 ms and 195 ms, with low
standard deviations of 09 ms and 25 ms for nasal /i/.
Relative values show that in the VC domain
phonologically short vowels are followed by
phonetically long consonants. As shown in a previous
study involving same speakers and data [1],
differences in consonant duration between short and
long oral vowels are statistically significant
(p<0.001). With regards to phonologically long oral
vowels, this can be observed: the post-vocalic
consonant is slightly longer than, equally long or
slightly shorter than the vowel. Thus, there seems to
be no compensatory relation between the long vowel
and the consonant in the VC domain. However, this
is not the case with the nasal vowels since there is a
compensatory relation between phonologically long
vowels and post-vocalic consonants: phonologically
long vowels are systematically followed by
phonetically short consonants in the VC domain (see
fig. 1 & 2).

In the VC domain, phonologically short vowels
are followed by phonetically long consonants in both
the oral and nasal categories. Post-vocalic consonant
duration differences seem to reinforce vowel quantity
contrasts in the language under study. The nasal
category of vowels registers higher ratios than the
oral for both speakers.
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Figure 1: This figure shows average oral vowel, nasal
vowel and post-vocalic consonant durations and
standard deviations for the first speaker (ms).
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Figure 2: This figure shows average oral vowel, nasal
vowel and post-vocalic consonant durations and
standard deviations for the second speaker (ms).
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Differences in consonant duration between long
and short vowels have also been attested for in the
dialects of Modern Swedish [21]. The authors further
posit that there is a complementarity pattern whereby
the long V+C (V: C) sequences have the tendency of
possessing almost the same duration as the short V+C
(VC:) sequences. According to their findings the
V:C types are in general slightly shorter in total
duration than the V:C sequences. In the present
study, the phenomenon seems to be observed for all
oral and nasal vowels produced by the first Twi
speaker (67% of all cases), where the VC: sequences
are in general slightly shorter than the V:C
counterparts. In the case of the second speaker, the
complementarity pattern seems to apply partially,
without reference to the vowel duration. Indeed, the
tendency is verified in only 39% of the cases in both
oral and nasal contexts. Comparing the data of only
the nasal vowels, it can be observed that this trend
applies to the two front vowels /i/, /i/ and the open
vowel /d/ but not to the 2 back vowels /G/ and /ii/for
speaker 1. (See fig. 1 & 2 again). Thus, the
observation on the pattern is in accordance with
results obtained for Bolognese where it is shown that
the phenomenon is only partially applicable [13]. The
findings of this study on phonological durational
contrasts and the contribution of the post-vocalic
consonant to distinguish the two classes have already
been documented on studies in Thai [18] and
Bolognese [13]. In the group of long vowels, figs 1
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and 2 show that post-vocalic consonant durational
values are close to vowel durations. The difference
between the two values are not statistically
significant (p=ns).

3.2.

As illustrated in figs 3 and 4, the comparison of
formant values of the oral and nasal vowels shows
that F2 of the nasal vowels are lower than the oral
counterparts, particularly for the high front short
vowels /i/ and /1/ (1651 Hz for the nasals and 2117
Hz for the oral counterparts for /i/ and 2061 Hz and
2066 Hz for /1/). The corresponding F2 values for the
long vowels /i/ are 1626 Hz for the nasal and 2176
Hz for the oral counterpart. The F2 values for /1/ are
1966 Hz and 2120 Hz for the nasal and oral
categories respectively. The results in the present
study seem similar to the F2 results obtained for
French nasal vowels [10]. However, this does not
seem to apply to the low vowel /a/ and the two high
back vowels /u/ and /u/. In fact, for the high back
vowel /u/, it is rather F2 of the oral vowel which is
lower than the nasal counterpart: oral (1236 Hz) and
nasal (1519 Hz) for the short vowels, and oral (1079
Hz) and nasal (1432 Hz) for the long vowels (see fig.
3 & 4 again). The comparison also reveals that, in the
oral and nasal categories, the formants F1, F2, F3 and
F4 of the long and short vowels do not exhibit any
significant differences (p=ns).

In order to take a closer look at the three extreme
vowels of the vowel triangle /i, a, u/, oral and nasal
curves were plotted on the same graph (fig. 5)
allowing comparison of analytical data. We observe
the following for the long vowels: for the high back
vowel /u/ there are very small differences in the
formant structure of the oral- nasal contrast which are
not statistically significant (p=ns). For the low vowel
\a\ the relatively weak difference in the formant
structure is located at the first formant: F2, F3, F4 are
almost identical. On one hand, a comparison of F1
and F2 in the oral and nasal categories shows that the
front vowels are characterized by wider or distant F1
and F2 whereas the back vowels are characterized by
narrower or close F1 and F2. This is consistent with
previous investigations on nasals where it is shown
that for a back vowel F2 is low and close to F1,
whereas for a front vowel F2 is high and far from F1
[17, 22]. On the other hand, an F2 and F3 comparison
indicates a closer characteristic for front vowels and
wider or distant characteristic for back vowels. In
other words, F2 is close to F3 for front vowels /i/ and
1/ but distant for the back vowels /u/ and /u/. The
same characteristics about front and back vowels are
found in an F3 and F4 comparison (see fig. 3 & 4
again).

Spectral data analyses
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Figure 3: This figure shows formant values for short
oral and nasal vowels /i 1 a u u/ for Speaker 2.
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Figure 4: This figure shows formant values for long
oral and nasal vowels /i: 1: a: u: u:/ for Speaker 2.
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Figure 5: Oral and nasal long vowels: Comparison of
formant values for /i, a, u/ for the second speaker.
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It seems from the foregoing that quality
differences between oral and nasal vowels operate
more within the high front vowel /i/ than the high
back vowel /u/and the low vowel /a/. Data also
suggest that, for the high front vowel, the quality
differences operate at the second and third formants
rather than the first formant, unlike the low open
vowel /a/. For the low vowel, the relative difference
in quality is found at the first formant as illustrated in
figure 5 where, on one hand, nasalization causes F1
to lower. On the other hand, nasalization seems to
cause F2 to raise in the case of the high back vowel
fu/ but not in that of the high front vowel /i/ as
depicted in figs 3 and 4.

Assuming also that vowel dispersion refers to
how dispersed the vowels are in phonological space,
the scatter plots (F1 on the ordinate and F2 on the
abscissa) prepared to represent data, clearly illustrate
that the oral vowels /i, a, u/ are less widely dispersed
in phonological space than the nasal counterparts
(fig.6 & 7).
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Figure 6: Dispersion of long nasal vowels /i, a, @/ for
Speaker 2 (Hz).
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Figure 7: Dispersion of long oral vowels /i, a, u/ for
Speaker 2 (Hz)

4. CONCLUSION

This study has shown, on the basis of acoustic data,
that nasal vowels are longer than their oral
counterparts in both the short and long contexts. Thus
the current study supports durational analyses of
orals and nasals reported in previous studies [5, 12,
14, 15, 23]. Whereas phonologically long nasal
vowels are systematically followed by phonetically
short consonants in the VC domain, phonologically
long oral vowels and post-vocalic consonants show
no coherent compensatory behaviour. Phonologically
short vowels are followed by phonetically long
consonants in the oral and nasal contexts. Acoustic
evidence also shows that the F2 values are generally
lower for the nasal vowels than the oral vowels. This
confirms the tendency which is characteristic of nasal
vowels. However, the findings of this study suggest
that this rule does not apply to the vowel /u/. F2
values are rather lower for the oral vowels than the
nasal vowels in both the short and long categories. |
have also shown that even though the two
phonological classes exhibit slight qualitative
differences which are not statistically significant, the
front vowel /i/shows a relatively significant
difference at the second and third formants compared
to /u/ and /a/, suggesting that the degree of nasality,
and for that matter nasal-oral contrast, depends on the
vowel type. Acoustic investigations further reveal
that nasal vowels are more widely dispersed than the
oral vowels in phonological space.
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