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Abstract

The language under study is Twi, a register tonguage of the Kwa
group, spoken in Ghana. It has a two tone systeigh/{ow) and the
downstep phenomena. The aim of this paper is twb-f&irst, some
phonological aspects of Twi tones are describedcoi®t acoustic
measurements are carried out to investigate fderdiices between vowel
quality in the two groups. In this analysis, twaiidnale speakers and one
female adult speaker produced a series of isolatmds belonging to the
two phonological classes. The evidence from ouusiio data, confirming
results obtained in a preliminary study, is for higpnes to have higher
fundamental frequency values than low tones. Adoustults also confirm
that high and low tones show sparse qualitative B2L F3 and F4) as well
as sparse syllabic durational differences. Thedraoy is also for low tones
to have lower F1, higher F2 than the high countgspa
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Introduction
The paper is divided into 3 main sections: the fii@t dealing with

some phonological aspects of Twi vowels and Twietoits, the second
section treats the methodology of the experimeatallysis, and the last
section presents observations and results of thes#ic investigations. Twi,
spoken in Asante, uses tone for lexical and granecaladistinctions. It has a
contrast between two pitch heights, and this ocearsvords where the
assigned syllable pitch is relatively higher or &wAn inventory of the
phonological system of Twi shows that this language 37 phonemically
contrastive sounds: 23 consonant sounds, excludilogphones and loan
phonemes (6 plosives, 4 nasals, 5 fricatives, ricates, 1 trill and 2

approximants), and 14 vowel sounds: 9 oral voviélsi/, /e/, /e/, /a/, /o/,

/o/, v/, v/ and 5 nasal vowelg, /1/, /a/, /6/and /t/.It must also be noted
that phonemic quantity and nasality are phonoldiyiadistinctive in Twi.
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Vowel quantity is used for lexical and grammatidatinctions, and nasality
is used for lexical distinctions.

All Twi vowels and syllabic consonants carry tori€seissels 1994,
Dolphyne 1998). It has verbal tones, nominal tonagjectival tones,
adverbial tones and homotones.

Vowels of stem words can be divided into two catexgo a class of
verbs that always occurs with low tone and anothess of verbs that always
occurs with high tone. Continuative and stativemferof verbs carry low

tones. For exampé /so/'be big’,wo /wo/‘be located, de/di/'be called,
nam /ndm/'to be walking, gyina /i nd/‘to stand; se /s¢/ 'to look like’,

kura /ku ra/‘to hold’, hye /[¢/'to be wearing/put on’. All verbal paradigms
except the habitual carry low tongs/pe/'to like’,nyane/pd ni/'to wake’,
ware /wa 11/, wa /wa/, ‘to be long’ye /je/'to be’,se /se/‘to look like’, kasa

/ka sa/'to speak’bisa /bi sa/'to ask’. Progressive and habitual forms of verbs
carry high tonesa /sa/ 'to dance; ka /ka/ 'to bite’do /d5/ 'to weed’,di /di/

'to eat’ fa /fa/ 'to take’, ko /kd/'to go’, to /td/'to buy’.

Where there is verb serialization involving twoferént stems (i.e.
verb plus verb constructions), the first stem eara low tone and the second

stem has a high tonk» fa /ko fa/ 'go and take’ ko to /kd t3/‘go and buy’.
Where there is verb reduplication, the two stemsrycdow tones:
didi /di di/ 'to eat’ (plural form),fefe /fi fi/ ‘to suck, vomit’; (plural),bubu

/bu bu/ ‘to break’ (plural)huhu /hu hu/‘to blow’ (plural), tete /t1 ti/ ‘to tear’

(plural).

The following register tone patterns: (1) High-hlig2) High-Low,
(3) Low-High, (4) Low-Low in disyllabic morphemeand (1) Low-Low-
Low, (2) Low-Low-High, (3) Low-High-High and (4) Iigh-High-High
(5) High-High-Low (6) High-Low-Low in trisyllabic mrphemes, found in
other languages like Hausa and Acholi, all occurTimi. Monosyllabic
words have two possible patterns High-Low. These teequences have
lexical and grammatical distinctions in Twi, feasrthat are usually
associated with West African languages.

Lexical contrast
Differences are made not based on absolute pitghob relative
pitch in a word. Some examples of distinction bewe&ne changes that are

lexical are as follows:bra /bra/ ‘life, existence’ (noun) vsbra /bra/
‘come’(verb), dada /da da/ ‘old’ (adjective) vs. dada/da da/ ‘already’
(adverb)da /da/ ‘to sleep’ (verb), day’ (noun) vea /da/ ‘never’ (adverb).
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Lexical grammatical contrast
Tone differences distinguish the habitual from filterre, the habitual
from the past forms, the negative from the impeeatiTypical examples of

lexical grammatical contrast asevo /5> wo/'snake’ vs owo /5> wa/‘helshe
possesses’obefa /5 be fa/‘he/she will take’ vsd be fa/‘he/she comes to
take’ pdo /5 do/love’ vs.odo /5 do/‘hel/she loves'.

Homotones

In the category of homotones are words that exlit@tsame tone
patterns but have different meanings. Some examuleBwi homotones
involving three tone patterns are as follows. Fitstw-High patterns in

dissyllabic words: ope /5 pe/ ‘he/she looks for'ope /5 pe/ ‘Harmattan
Winds’, oye /5 jé/ ‘helshe is good, generous’ vsie /5 je/ ‘helshe insults’.
Second, High pattern in monosyllabic wordsa: /da/ 'day’ vs. da /da/ 'to
sleep’, ka /ka/’debt’ vs ka /ka/’to bite’. Third, Low-Low patterns;
owo/o wo/ ‘helshe possesses’ vsowo /> wo/ ‘helshe is located,
tete /t1 1/ to tear (plural form) vstete /t1 ti/ ‘ancient times’.

In this study, formant values of the target vowats obtained in
order to verify qualitative differences betweenhhignd low tones in the

second syllable of the two syllabic morphemes. Resue provided for high
and low tones, with specific relative pitches assdjto them, for the front

oral vowel/e/ under two consonantal environmefisand/s/.

Method

The data in this work consist of acoustic tonegssents obtained
from one female and two male native Twi speakensh wo speech or
hearing impairment, producing a series of Twi miairpairs (words chosen
to vary in tone assignment) containing high and lmes in isolated
dissyllabic words, YCV,, where \{ = /o/ and b = /e/. The speakers
produced the utterances at a self-selected conierah rate in two
consonantal environmemy/, /s/.

The randomised list of utterances was producedadst lten times by
each speaker. The selected corpus of this invéistigavas made up of the
following disyllabic words:

ope /o pe/ 'helshe looks for’, (habitual),
ope /3 p&/ 'Harmattan Winds’,

ope /3 pe/ 'helshe likes’,

ose /o s¢/ 'helshe spreads’ (habitual),
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ose /o s¢/ 'he/she looks like’

Acoustic data were recorded in an anechoic roonst,Fdy means of
PRAAT sound editor, vowel durations were measuwadtlie syllable CV
and the target vowel. Second, FO values were @kullfor the high tones
and low tones, formant frequencies of vowels (F2, 3, F4) were also
measured for the two phonological classes at tewpedistant points: at
25%, 50% and 75% of the duration of the vowel. Ta¢a were then
averaged over the ten repetitions of each phoncdbgiategory. Statistical
analyses (ANOVASs) were carried out on all measwktined from the
three speakers {0.01).

Results and Discussion

The basic trend in the data, FO and formant valwasures and
standard deviations for the two sets of tone assggns are summarized in
Tables 1, 2, 3 and 4 for one male speaker and lhe$&, 6, 7 and 8 for the
female speaker. The overall data indicate thatmbst important parameter
for determining tone assignment contrasts, i.eatiked pitch, is highly
significant (p<0.001).

In order to take a closer look at the tone assignsnér the two
phonological classes, average values for the malefemale speakers were
plotted on the same graphallowing comparison oflyéical data (see
figures 1 and 2).For the male speaker, absolutgegathow that the FO for
the low tone values vary between 104 Hz and 13&hit the high tone

between 196 Hz and 251 Hz for the first pairpe/ vs./ope/. The

corresponding measurements for the second paisg/ vs./d s¢/,are
between 110 Hz and 145 Hz for the low tone andwéen 188 Hz and
224 Hz for the high tone respectively (see figureFdr the female speaker,
absolute values show that FO for the low tone \&ahsry between 240 Hz
and 243 Hz and the high tone between 260 Hz andH28tr the first pair

/> pe/ vs./5pe/ (see figure 1). The corresponding measurementsthier

second pairjd s¢/ vs. /3 s¢/,are between 229 Hz and 243 Hz for the low tone
and, between 256 Hz and 268 Hz for the high torspeetively (see
figure 2).

Differences in average pitch (FO) values for lovd dnigh tones are
greater for the male speaker (95 Hz on the averthge)the female speaker.
The corresponding average figure for the femalealspreis 23 Hz (see
figures 1 to 2). High tones demonstrate highernisity values than low
tones as dipicted in figures 3, 4, 5 and 6.
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Figure 1: Average pitch (FO) values for low and high toive® pe/ vs./5 peAHz).Each
point is an average of 10 tokens produced by thmafe speaker and the first male speaker.
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Figure 2: Average pitch (FO) values for low and high toive® sz/ vs./ seHz).Each
point is an average of 10 tokens produced by thmafe speaker and the first male speaker.
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Figure 3: Waveform spectrograph, FO (in blue), intensitpvess (in yellow) and formants
(in red) of/> s¢/; female speaker
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Figure 4: Waveform spectrograph, FO (in blue), intensitpves (in yellow) and formants
(in red) of/5 s¢/; male speaker 2
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Figure5: Waveform spectrograph, FO (in blue), intensityes (in yellow) and formants
(in red) of/> s¢/; female speaker
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Figure 6: Waveform spectrograph, FO (in blue), intensitpvess (in yellow) and formants

(in red) of/5 se/; male speaker 2
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A close examination of formant values (F1, F2, Ir8l &4) reveal
that all phonological contrasts situate aroundhpheights, and that sparse
differences in formant structures of a given pag @on-significant. Acoustic
results show that F1, F2, F3 and F4 values fordow high tones are quite
similar (p=ns) for the male speaker, apart from F3 and F4 of phe
/5 s¢/ and/a sg/. In this particular case, tone contrasts seem teeingorced
by differences in vowel quality. For the female &, acoustic results
show that F1, F2, F3 and F4 values for low and ogies are quite similar
(p=ns), apart from F3 and F4 values. In these two cdses, contrasts seem
to be reinforced by differences in vowel qualityspecially F4 for the

/3 s&/ vs. /5 s/ contrast.

Table 1: Average FO, formant values and standard deviationthe high tone i pe/(Hz);
male speaker

FO F1| F2| F3 F4
average 213 560 179£317] 3603

standard deviatior 14 29 66 138 208
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Table 2: Average FO, formant values and standard deviationthe low tone irb pe/(Hz);
male speaker
FO F1 F2 F3 F4

average 118 496 | 1858| 2530 | 3573
standard deviatioph 08 19 70 207 234

Table 3: Average FO, formant values and standard deviationthe high tone ja s¢/ (Hz);
male speaker
FO| F1| F2| F3 F4

average 211 536|1770( 2418| 3990
standard deviation 11 48 7¢ 115 14F5

Table 4:Average FO, formant values and standard deviafimnthe low tone ifd se/(Hz);
male speaker
FO |F1 | F2 | F3 F4

Average 115 461 182R3590|3737
standard deviation 11 171 66 29l 143

Table 5:Average FO, formant values and standard deviafimnthe high tone in'd pe/(Hz);
female speaker.
FO | F1 F2 F3 F4

average 273 670 | 2099 2687 | 3921
standard deviation 19 87 34 131 212

Table 6:Average FO, formant values and standard deviafienghe low tone in/5 pe/
(Hz); female speaker.
FO F1 F2 F3 F4

average 2421 548 212%2621| 3718
standard deviatior 02 87 103 164 345

Table 7: Average FO, formant values and standard deviationthe high tone in
/5 s¢/ (Hz); female speaker.
FO | F1 F2| F3 F4

average 263 674 1892514| 3380
standard deviatior] 08§ 92 100 107 330

Table 8: Average FO, formant values and standard deviationthe low tone in5 se/(Hz);
female speaker
FO| F1| F2| F3| F4

average 239 587 203112547(3808
standard deviatior 10 43 134 113 3p3
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/> pe/ and /> p&/contrast

Acoustic results, especially formant values, andgdt vowel
durations furnish some indications about the lowl &igh tone contrasts.
Acoustic data of the informants illustrate that F2, F3 and F4 values for
low and high tones are quite similar (= Acoustic data also show a
general tendency where the low tone has a smdlléodmant value than the
high tone (see Tables 1 to 8). Contrary to thet fimmant values, the
tendency is for the second and third formant valfethe low tone to be
greater than those of the high tone. The fourtméot values are smaller for
the low tone compared to the high tone (see Tahl@s 5 and 6). However,
it must be noted that these readings represent rmioonant value
differences for the two phonological classes.

Acoustic investigations also show slight duratidgifiedences between
the high and low tone with the former being sligHtnger than the latter.
Absolute duration values of the high tone rangevbeh 142 ms and 188 ms
whereas the corresponding values for the low tange between 52 ms and
95 ms for the male speaker. The average value® tdkens is 159 ms, with
a relatively small standard deviation of 12 ms tbe high tone. The
corresponding average value for the low tone im68vith a relatively small
standard deviation of 14 ms.

/3 se/ and/> s€/ contrast

Formant value analysis in this contrast confirnes fdrct that F1, F2,
F3 and F4 values for low and high tones are quitelas (p=ns). Formant
values also confirm the tendency observed for tleeqaing contrast (see
Tables 1 to 8). The low tone has lower F1, higlgriigher F3 and lower F4
values than the high tone. Like the previous catggacoustic data in this
particular case show sparse syllable duration mdiffees between the low
and high tone with the high tone having a relagivehger duration than the
low counterpart. For instance, absolute duratiolues of the vowel with
high tone range from 107 ms to 178 ms for the mspeaker. The
corresponding values for the low tone range betvdems and 72 ms. The
average value of 10 tokens is 144 ms, with a redbti small standard
deviation of 22 ms for the high tone. The corresidog figure for the low
tone is 60 ms with a relatively small standard deon of 07 ms.

Given that F3 provides information about (i) thefguration of the
labial cavity, and (ii) about protrusion of thedi@nd lip rounding. Given
also that F2 indicates the front/back positionhe& tongue, i.e., the place of
articulation, and that F1 gives information abdwe tlegree of aperture, i.e.
the distance between the arch palate and the Haitle dongue and on the
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position of the larynx (Calliope 1989), the followi observations can be
made about the low-high tone contrasts:
(a) The low tone tends to have a lower F1 formahtier and a higher F2
value than the corresponding high tone. Low toragpction (lower
F1 and higher F2) could indicate a larger pharyhgaaty compared
to the configuration of the high tone.
(b) The comparison of the formant structures inZteategories shows a
more compact vowel structure for the high tonet{arg-1 and lower
F2) compared to that of the low tone (lower F1 higgher).
(c) The formant structure also suggests a more advarmedl and/or a
higher vowel for the tone low tone compared to ssladvanced
vowel for the high tone.

Conclusion

In this investigation it has been shown, on theshast the selected
corpus and evidence from our acoustic data, thiah pdifference is the
determining factor in distinguishing high and loané contrasts.

Formant value analysis, undertaken to verify voeedlity for the
two phonological classes, reveals sparse quaktaditferences. However,
thanks to the acoustic data it has been possibétda that vowel formant
values could help to distinguish the two classé® slight tendencies
notwithstanding.

The low tone tends to have a smaller F1 and gré&eralues than
the high tone. Low tone production (lower F1 anghler F2) could indicate
an expanded or bigger pharyngal cavity than thk toge.

Formant structure comparison of the two classegatels a more
compact vowel structure for the high tone (highér &d lower F2)
compared to that of the low tone (lower F1 and éigh2). The formant
structures also suggest vowel quality that is nfovated and/or raised for
the low tone compared to a vowel quality that isen@tracted for the high
tone.

The next step of this study is four-fold. First,itwestigate formant
value differences between high and low tone cotgras the remaining oral
and the nasal vowels with data based on more spedkecond, to undertake
a thorough articulatory study in order to invedigéor further information
on the vocal tract during the production of the flmnological contrasts,
i.e. what are the articulatory factors underlyirige tproduction of tone
contrasts? Third, apart from formant frequencieshould be worthwhile
looking at other kinds of acoustic information likemplitudes and
bandwidths, e.g. relative amplitude of lower anghler harmonics (H1-H2).
Fourth, to investigate voice onset times which nadgo vary with tonal
identity.
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