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Abstract

The acoustic differences between Afrikaans and South-African English, spoken as LI
and L2, are measured for nine short vowels. The spoken language data base of 22 male
speakers, collected for comparative studies, is described. The features used in an initial
comparison of the isolated vowels and vowels in CVC words are the first three formant
values and ratios. Significant differences are found between the production of /e/ and /y/
by Afrikaans and English mother-tongue speakers, and to a lesser extent between /i/, /a/
and /u/. Several interesting trends that seem to contradict popular beliefs concerning
South African accents are observed. Directions for future research and the application of
the envisioned L.1-L.2 model in speech technology are given.

1. Introduction

Second-language (L2) speech is interesting from a number of linguistic as well as
technical points of view. Linguistic issues for instance involve L2 perception and pro-
duction in acquisition, while technical aspects are mainly concerned with speech
technology, i.e. how to make artificial speech “sound like” an L2 (in speech genera-
tion systems), or how to improve automatic speech recognition (ASR) system perfor-
mance on L2 speech.

Humans can recognise and identify a foreign accent (i.e. a pronunciation of the
same words that is different from their own pronunciation, and which is often charac-
teristic of the mother tongue of the speaker) quite easily in informal circumstances,
and some studies have quantized this (Flege, 1984; Flege et al., 1995a; Flege et al.,
1995b; Flege, 1987). Although humans probably use many cues (for instance linguis-
tic contexts and knowledge of the world) to identify an accent, most of the scientific
studies are performed purely on acoustic prompts. It can probably be safely assumed
that most of the information regarding the foreign accentedness is embedded in the
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acoustic signal. In addition, state-of-the-art speech recognition systems (Bourlard et
al., 1996; Barnard et al., 1995; Young, 1996) use only an acoustic signal as input.

In this study we aim to model the acoustic differences between L1 and L2 speech
signals. The long-term objectives are to model these acoustic differences and to apply
this model to speech recognition systems, so that they can deal with foreign accents in
a structured way. Currently ASR systems have to be trained specifically on data of all
the accents (variations) with which they are expected to deal.

Our short-term goal is to quantify the acoustic differences between two of the
many languages spoken in South-Africa, namely Afrikaans and English, spoken as L1
and L2. Although we have no empirical data to support this statement, it is generally
possible to distinguish between an Afrikaans and English (mother-tongue) accent in
South Africa, i.e. it is possible to tell whether the language (Afrikaans or English) is
spoken as an L1 or an L2. It is this distinction that we now want to quantify by stu-
dying the production of the nine short vowels /a/, /&/, le/, I/, I/, Icel, Iu/, Iyl and /5/,
when spoken as L1 and as L2. The /y/ does not occur in English, and can thus only be
studied as an L2 sound when pronounced by English mother-tongue speakers and as
an L1 sound when produced by Afrikaans mother-tongue speakers. The four condi-
tions, namely Afrikaans and English texts spoken as L1 and L2, respectively, are
visualised as follows:

L1 L2
Afrikaans text Cond-Afr-L1 Cond-Afr-L2
English text Cond-Eng-LI  Cond-Eng-L2

The paper is organised as follows: in Section 2 we discuss some of the relevant
literature and give some background information about the languages of South
Africa. Sections 3 and 4 contain a description of the database and of the methods
used, respectively. In Section 5 we discuss our preliminary results and we conclude
with suggestions for projects as a continuation of this work in Section 6.

2. Background

2.1. Second language studies

From a linguistic point of view, second languages have been studied on many levels,
and still it seems that the mechanisms are not well-understood. An excellent overview
of the issues involved in second language speech can be found in Leather and James
(1996). In the empirical research of psycho-acoustics, Flege has by far been the most
prolific. The literature abounds with perceptual studies (Fox et al., 1995; Flege et al.,
1995b; Schouten, 1975) as well as studies on the production of L2 sounds (Flege et
al., 1995c; Flege, 1987), often in a comparative framework (Flege and Eefting, 1987).
However, a systematic comparison between all the sounds of two languages involved
(L1 and L2) can generally not be found. This is probably due to the magnitude of
such a task, if the detailed methods of the phonetic sciences (Shearer, 1982) are used.
The field of automatic speech recognition has matured to the point where useful
commercial applications are showing up. These successful systems are built using
statistical methods, both for acoustics and linguistics. The fact that phonetic and lin-
guistic knowledge is not explicitly used in these systems, and the reasons and reme-
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dies for this situation are topics of lively discussion in the speech community, see for
instance Bourlard et al. (1996). The issue in this paper is not to debate the un/desira-
bility of this situation, but to speculate whether a statistical comparison of an L1 and
L2 would lead to a useful model - one that can be used to improve the performance of
an automatic speech recognition system on an accent not represented in its set of trai-
ning data. It is our aim to investigate this, and the current project is the first small step
in that direction. The formant values used in our comparison are not used explicitly in
ASR systems either, but they form a useful tool for our investigation. The long-term
goal would be to find a transformation (based on the L1-L2 model) for the parameters
of an ASR system trained on L1 data, so that the ASR system can deal with L2
speech. This goal has been formulated before with reference to the robustness of ASR
systems, but has been elusive.

2.2, Languages used in this study

The following paragraphs are somewhat speculative, but a lack of empirical data dic-
tates this style. White urban South Africans are mostly bilingual in Afrikaans and
South-African English. The latter language will sometimes be referred to merely as
English in the scope of this paper. This bilingualism is not symmetric, in that
Afrikaans mother-tongue speakers are better in their L2 (English) than the SA
English mother-tongue speakers are in their L2 (Afrikaans). The hypotheses for this
situation are beyond the scope of this paper. Both languages are taught for all twelve
years of primary and secondary school.

Afrikaans originates from 17th century Dutch. The language was introduced when
Jan van Riebeeck arrived at the Cape in 1652. During the past 350 years many other
languages such as English, French, German and Malaysian have influenced Afri-
kaans, which was officially recognised as a separate language (apart from Dutch) in
1925 in South Africa. Although there are nine other official languages in South
Africa today (from the Nguni, Sotho and Venda language groups), and although these
were also spoken in SA throughout the past 350 years, they have had a small in-
fluence on Afrikaans.

There are approximately six million mother-tongue speakers of Afrikaans and
three million mother-tongue speakers of English presently living in SA. With such a
large number of speakers to draw from, a comprehensive comparison of these accents
seems plausible.

The literature on acoustic phonetics of both Afrikaans and SA English is sparse,
but several introductory texts in Afrikaans phonetics exist, e.g. Coetzee (1981) and
De Villiers and Ponelis (1987). Values for the formants of the Afrikaans vowels were
published in Taylor and Uys (1988) and Van der Merwe et al. (1993). In De Villiers
and Ponelis the authors remark that at that time (1987) almost no acoustic phonetic
research (instrumental, or computer-based) had been performed in South Africa. This
situation was also mentioned in Van der Merwe et al. (1993), and to the best of my
knowledge, still exists today.

Very little has also been done in the field of Afrikaans and SA English speech
technology. In the 1980's a text-to-speech system for Afrikaans (De Stadler, 1988)
was constructed and some research on automatic syllabification and labelling
(Prinsloo and Coetzer, 1990) was conducted. The 1990's in SA has so far been
marked by very little research activity and few publications in this area. Some papers
can be found in the proceedings of the yearly IEEE-supported South African
Symposium on Communications and Signal Processing (COMSIG).
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The present study is, inter alia, also part of an effort to revive speech technology
research in SA, as commercial products are not and will not be fully language inde-
pendent for a long time, and will have to be adapted for the SA languages and
markets.

3. Data

3.1. Comprehensive data set

Due to the logistics of this project, conducted as part of a sabbatical at the Institute of
Phonetic Sciences at the University of Amsterdam, all data had to be captured in
South Africa before the actual research started in The Netherlands. A large amount of
data was assembled, in order to provide for different contexts and in an attempt to
capture all the phones used in standard Afrikaans and South-African English.

3.1.1. Subjects

Male speech is generally accepted to be easier to analyse than female voices, due to
its lower pitch and smaller pitch variation. Male voices thus seemed to be a logical
starting point. Twenty-two male speakers, of which eleven have Afrikaans and eleven
English as native-language, all between the ages of 22 and 46, were invited to partici-
pate.

3.1.2. Texts

The data consist of the set of read texts as shown in Table 1. The type of text is shown
(prose, sentence word list or sound list), a description of the text is given and the lan-
guage of the text (Afrikaans or English) is indicated. Each text is pronounced and
analysed as L1 when the language of the text corresponds to the mother-tongue of the
speaker, and as L2 when the mother-tongue of the speaker differs from the language
of the text. In this way, all four conditions (Cond-Afr-L1, Cond-Afr-L2, Cond-Eng-
L1 and Cond-Eng-L2) as mentioned in Section | could be studied.

Table 1. Texts used in comprehensive database.

Type Description Language
1. Prose Noordewind en die son Afrikaans
2. Prose North wind and the sun English
3. Sentences 6 semantically nonsense Afrikaans
4. Sentences 10 TIMIT (ARPA, 1990): 2sa+3si+5sx  English
5. Word list 39 words Afrikaans
6. Word list 52 words English
7.  Word list 100 phonetically balanced Afrikaans
8. Word list 100 phonetically balanced English
9. Soundlist all vowels in context of /r,s,l,t,n/ Afrikaans
10. Soundlist all consonants in context of /u,i,a/ Afrikaans
11. Soundlist all vowels in /hVY context Afrikaans
12. Sound list  all vowels isolated and pronounced short Afrikaans
13. Sound list  all vowels isolated and pronounced long Afrikaans
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The North wind and the sun passages (IPA, 1966) in both English and Afrikaans
were chosen for its popularity and widespread use in phonetic research. The 6
Afrikaans nonsense sentences were made up by the author to contain all the pho-
nemes found in an introductory text on Afrikaans phonetics (Coetzee, 1981). They
are syntactically correct, but semantically meaningless. The English TIMIT (ARPA,
1990) sentences are those spoken by subject mrdsO from dialect region 3 (a random
choice). They contain two of the so-called “‘dialect” (sa) sentences, three phonetically
diverse (si) as well as five phonetically compact (sx) sentences. The English and
Afrikaans short word lists were taken from class notes of an introductory course in
phonetics, used to illustrate the sound differences between English and Afrikaans.
The lists of 100 Afrikaans and 100 English words were taken from material used in
clinical speech pathology at the University of Pretoria. These words are considered
“phonetically balanced” by the clinicians. The sound lists were made up by the author
in an attempt to cover all individual sounds in Afrikaans, and with some regard to
context and coarticulation effects. Clearly, only a small set of diphones and triphones
are covered. The speakers were instructed to pronounce the “words” formed by the
/r,s,1,t,n/, /u,i,a/ and /hVt/ contexts (lists 9, 10 and 11) as if they were Afrikaans
words.

3.1.3. Recording

The data were recorded in the anechoic room of the Language Laboratory at the
University of Pretoria, using a Beyer Dynamics M201N(C) microphone. The data
were directly digitised at 11.125 kHz (16 bits) by a SoundBlaster card in an IBM
compatible PC, using Microsoft Windows Wave Studio software. The total database
consists of about 350 MByte of data.

The data of each subject was captured in a single, one hour, recording session. The
subjects received verbal instructions from the author regarding posture, voice loud-
ness, paper noise, nature of the texts and goals of the research. They were allowed
time to scan the texts before recording. A limited amount of stuttering followed by
self-correction of the subjects was allowed, otherwise the individual text was rerecor-
ded.

The prose, sentences and word lists texts were typed in normal orthographic sym-
bols. For the sound lists, orthographic symbols of Afrikaans were mostly used, with a
few phonetic symbols (e.g. 3) to resolve ambiguities. These were explained to the
subjects.

3.2. Data used in experiments

In the three experiments conducted and subsequently described, only a small subset
of the comprehensive database was used. Experiments planned with the rest of the
data will be described in Section 6. In the selections described below, data of all 22
speakers were used.

The scope of this study was restricted to the nine short vowels of Afrikaans /a, i,
9, &, u, €, &, Yy, o/, of which all but /y/ also occur in English. The pronunciation of
these vowels as L1 and L2 sounds were studied. This choice of short vowels in itself
seems to be debatable. Taylor and Uys (1988) do not include /®/ in their list of
“steady-state” Afrikaans vowels, while Van der Merwe et al. (1993) do not consider
/y/. In texts on Afrikaans phonetics, /e/, /@/ and /o/ are also classified as mon-
ophthongs (Coetzee, 1981; De Villiers and Ponelis, 1987), but the acoustics of these
sounds clearly show them as diphthongized, so they were not included for the
moment.
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Figure 1. Spectrograms of /2/ and /y/, showing them as steady-state vowels in Afrikaans.

Our inclusion of /®/ and /y/ as steady-state vowels, as well as our omission of /e/,
/¢/ and /o/ is motivated by the graphical display of their spectrograms, as shown in
Figures | and 2.

In the first experiment, the vowels spoken short and in isolation were used. This is
sound list 12 in Table 1. (Most of the vowels in Afrikaans occur in both long and
short forms, and were recorded as such in sound lists 12 and 13). Since the speakers
were instructed that these are Afrikaans sounds, only the two conditions Cond-Afr-L1
(the Afrikaans mother-tongue speakers) and Cond-Afr-L2 (the English mother-tongue
speakers) were tested. The sounds were manually segmented from the background
noise, by inspection of the waveform/oscillogram only. Since the sounds were spoken
with pauses in between, there were clear energy changes on which to segment.
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Figure 2. Spectrograms of /e/, /¢/ and /o/, showing their diphthongized nature in Afrikaans.
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In the second experiment, Afrikaans words (from word list 5, Table 1), containing
these nine vowels were chosen. These are: was [vas], kiem [kim], is [as], guns
[xcens], roep [rup], ses [ses], vel [fel], kos [kos] and debuut [dabyt]. Again, since
these are Afrikaans words, Cond-Afr-L1 and Cond-Afr-L2 were investigated. The
vowels were again manually segmented by inspecting both the waveform/oscillogram
and spectrogram (as shown by the “show sonogram” of the Praat (Boersma, 1996)
speech analysis software), to select the steady-state section of the vowel. In the case
of coarticulation effects, as for instance in the word [fel], only the initial steady-state
of the vowel was retained. The segmentation was checked by displaying the formants
(see Section 4) of each individual segmentation. Hardly any complications occurred.

In the third experiment, eight English words containing similar vowels (only /y/
does not occur in English) were chosen from word list 6 (Table 1) to test conditions
Cond-Eng-L1 and Cond-Eng-L2, and similarly segmented. These words are: dart
[dart], feel [fi:1], about [abaut], purr [pcer], fool [fu:l], get [get], cat [kt], and box
[boks].

4. Method and Results

The objective of the study is to model the acoustic differences between the production
of nine short vowels as L1 and L2 by 11 Afrikaans (group 1) and 11 English (group
2) mother-tongue speakers. In order to do this, the first five formant frequencies of
each utterance were calculated in consecutive time frames, using the Split-Levinson
algorithm (Willems, 1986). Then the difference between F1 of the group | utterances
and group 2 utterances was calculated. Subsequently the difference calculation was
repeated for two other formant frequencies (F2 and F3), as well as for the formant
ratios (F1/F2, F2/F3 and FI1/F3). A statistical t-test was performed (Shearer, 1982) to
determine the significance of the differences. The concept of representing vowels by
the formant ratios (for speaker normalisation purposes) was taken from Van der
Merwe et al. (1993) and Minifi et al. (1973).

Manipulation of the speech data was done using Praat, a speech analysis software
package (Boersma, 1996) and statistical analysis was performed using Systat
(Wilkinson et al. 1992).

The window and time step sizes of the formant frequency calculations were 25ms
and 10ms respectively for the isolated vowels and 12.5ms and Sms for the vowels in
context (within the English and Afrikaans words). The smaller values for the in-con-
text vowels were necessary due to their shorter duration. Pre-emphasis was employed
from 50 Hz in order to enhance high frequencies and to improve the formant analysis.
A Hamming window was used to minimise the errors at time-frame boundaries.

Since only steady-state vowels were analysed, a true dynamic analysis of the for-
mants was not required. A single value to represent the formant was sought. Several
options were considered about what part of the utterance to use for formant calcula-
tion. Choosing for average formants over the whole vowel segment was rejected due
to the variation towards the end. The formant values at maximum intensity of the
sound also proved to be impractical, due to the variation of the location of the maxi-
mum intensity of the isolated vowels.

A measurement of the maximum, minimum and average duration of the vowels
were made for isolated, Afrikaans and English word vowels, in order to choose usable
regions for formant calculations. From the duration values and from visual inspection
of the formants, three regions were chosen for the isolated vowels (Experiment 1): (1)
0 to 120 ms, (2) 60 to 120 ms and (3) 80 to 160 ms. This roughly constitutes the first
half, second quarter and second third, respectively, of an utterance of average dura-
tion. In subsequent experiments, such a detailed analysis was not deemed necessary,
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and for the Afrikaans word vowels (Experiment 2), formants were calculated in the
(1) centre half and (2) first 75% of the vowel. The formant values of the English word
vowels (Experiment 3) were only determined in the first 75% of the vowel. In these
regions, the average, median and standard deviation of each formant frequency were
determined.

The standard deviation (G) of the formants were not used as features to determine
differences, but rather to check whether the formant trajectories could indeed be con-
sidered steady-state. The G's showed that the values do not, on average, deviate more
than 10% in the selected region.

In order to check for FO-Fi interaction (or to prevent it, if necessary), the pitch of
the different speakers was also calculated using the autocorrelation method (Boersma,
1996), a 10ms step size, and a 25ms Hamming window. It was found that the average
pitch measured in the Afrikaans word list was 134 Hz and 137 Hz for groups 1
(Afrikaans mother-tongue speakers) and 2 (English mother-tongue speakers), respec-
tively, and 130 Hz and 128 Hz when measured in the English word list. This indicates
that voice pitch does not bias our results in any significant way.

The distribution of the first two formants (F1 and F2) of experiment 1 (isolated
Afrikaans vowels) are graphically displayed for Afrikaans and English mother-tongue
speakers in Figures 3 and 4, respectively. The values shown are the median values of
the measurements in the centre 33% of the utterances. The values in Figure 3 consti-
tute Cond-Afr-L1 and those in Figure 4 constitute Cond-Afr-L2.

The average formant values of the isolated Afrikaans vowels are shown separately
for Afrikaans and English mother-tongue speakers on an F1-F2 plane in Figure 5. The
differences between L1 (Afrikaans mother-tongue speakers) and L2 (English mother-
tongue speakers) values are clearly visible. The L1 values correspond quite accurately
with the formant values published in Van der Merwe et al. (1993), as well as those in
Taylor and Uys (1988).
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Figure 3. Distuibution of the median F1 and F2 values in the centre 33% of the isolated
vowel utterance of Afrikaans mother-tongue speakers.
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Figure 4. Distribution of the median F1 and F2 values in the centre 33% of the isolated
vowel utterance of English mother-tongue speakers.

The average formant values of the isolated Afrikaans vowels are shown separately
for Afrikaans and English mother-tongue speakers on an F1-F2 plane in Figure 5. The
differences between L1 (Afrikaans mother-tongue speakers) and L2 (English mother-
tongue speakers) values are clearly visible. The L1 values correspond approximately
with the formant values published in Van der Merwe et al. (1993), as well as those in
Taylor and Uys (1988).
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Figure 5. Average Fl and F2 formant values of the isolated Afrikaans vowels. English
mother-tongue speakers indicated with 'E’ and Afrikaans mother-tongue speakers indica-
ted with 'A’.
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In Tables 2 (isolated Afrikaans vowels, i.e. Cond-Afr-L1 and Cond-Afr-L2), 3
(Afrikaans words, i.e. Cond-Afr-L1 and Cond-Afr-L2) and 4 (English words, i.e.
Cond-Eng-L1 and Cond-Eng-L2), the parameters which display significant differen-
ces (probability less than 10%) are indicated.

Table 2. Significant differences between production of isolated vowels by Afrikaans and
English mother-tongue speakers. Formant ratios are indicated by F1:2 (F1/F2), etc.

First 50% of utterance

Vowel

€ 1 e) u y
Values median F1 F2 F2 F3 F2
mean F1 F2 F2 F3 F2
Ratio's  median F1:2 F2.3F1:3 Fl:2 F1:2F2:3 F1:2 F2:3
mean F1:2 F2:3FI1:3 FIl:2F1:3 FIL:2 F2:3 F1:2 F2:3
Second 25% of utterance
Vowel € i 3 u y
Values median F1 F2 F3 F2 F2
mean Fl F2 F3 F2 F3 F2
Ratio’'s  median F1:2F2:3F1:3 FI1:2F1:3 Fl:2F23 Fl1:2 F2:3
mean F1:2F2:3F1:3 Fl1:2 F1:2 F2:3 Fl:2 F2:3
Second 33% of utterance
Vowel ) i 9 u y
Values median Fl F2 F3 F2 F3 F1 F2
mean F1F2F3 F2 F3 F2
Ratio's  median F1:2 F2:3F1:3 Fl:2 F1:2 F2:3 F1:3F2:3 FI1:2F2:3FIl:3
mean F1:2 F2:3F1:3 FIl:2 Fl1:2 F2:3 Fl1:3 F1:2 F2:3

Table 3. Significant differences between production of vowels in Afrikaans words by
Afrikaans and English mother-tongue speakers.

Centre 50% of utterance

Vowel a & ¢ i 9 e u y
Values median F1 F2 Fl F2 F2
mean F2 F2 F2
Ratio’s median F2:3 F1:2 F2:3Fi1:3 F2:3 F2:3
mean F1:2 F2:3 Fl:3 F2:3 F2:3
First 75% of utterance
Vowel a & € i = o3 u y
Values median Fl
mean Fl
Ratio's median F1:2 F1:3 F1:2F1:3 F2:3 Fl1:3 F2:3
mean F1:2 Ft1:3 F1:2 F1:3 Fl1:3 F2:3
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Table 4. Significant differences between production of vowels in English words by
Atrikaans and English mother-tongue speakers.

First 75% of utterance

Vowel € u D
Values median F1 F2 Fl F2
mean F1 F2 F2
Ratio's median F1:2 F2:3 F1:3 F1:2
mean F1:2 F2:3 F1:3 F1:2

In Table 5, the shading of the rectangles is a subjective judgement, indicating how
much the vowels of the L1 and L2 pronunciations differ in each of the experiments
(isolated Afrikaans vowels, Afrikaans words and English words). Since the formant
ratios of /e/, /y/ and /i/ seem to differ consistently, at least in the isolated vowels and
Afrikaans words, these values are worth closer inspection. The average values of the
F1/F2, F2/F3 and F1/F3 ratios of the isolated vowels (centre 33% of the vowel,
median features) are shown graphically in Figures 6 and 7. The ratios of the vowels in
the Afrikaans words are given in Table 6. Also shown for comparison in the table are
the formant ratios published by Van der Merwe et al. (1993), as well as the values of
the neutral vowel /o/ and the vowel /&/.

Table 5. Subjective degree of difference between production of vowels in isolation,
Afrikaans and English words. The dark rectangle Bl indicates a significant difference in a
number of parameters and the clear rectangle O indicates a difference in only one or two

parameters.
Formant values
Vowel a ® € 1 =) e u y 5]
[solated [ | [ ] | [ |
Afrikaans word a a [ | a
English word | a NA m)
Formant ratios
Vowel a e € 1 e} ® u y D
[solated [ | | [ | a |
Afrikaans word a [ | | | g a a [ |
English word | g NA
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Figure 6. Average formant ratios F2/F3 vs. FI/F2 of the isolated /e/, /i/, /y/, /3/ and /®/ vowels.
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Figure 7. Average formant ratios F2/F3 vs. FI1/F3 of the isolated /€/, /i/, Iy/, /s/ and /®/ vowels.
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Table 6. Formant ratio values of the /e/, /i/, /y/, Ia/ and /®/ vowels. Significant differen-
ces are indicated by the * and the average of the Afrikaans and English word values are

also given.

Vowel Source Mother tongue FI/F2 F2/F3 FI/F3
/el Vd Merwe et al., 1993 Afrikaans 0.17 076 0.13
/ses/ Afrikaans 0.21* 0.75 0.16*
English 0.23* 073 0.17*

average 022 074 0.16

1/ Vd Merwe et al., 1993 Afrikaans 0.11 0.75 0.08
/kim/ Afrikaans 0.14* 0.75 0.10*
English 0.15* 0.75 O0.11*

average 0.14 0.75 0.11

lyl Vd Merwe et al., 1993 Afrikaans NA NA NA

/dabyt/ Afrikaans 0.14 0.80* 0.11

English 0.15 0.76* 0.11

average 0.14 0.78 0.11

/al Vd Merwe et al., 1993 Afrikaans 0.35 062 021
/fas/ Afrikaans 029 064 0.19

English 032 0.61 0.19

average 031 0.62 0.19

/2/ Vd Merwe et al., 1993 Afrikaans 0.35 0.69 0.23

/fel/ Afrikaans 035 066 0.23

English 038 0.63 0.24

average 0.37 0.64 0.23

5. Discussion

In terms of modelling the acoustic differences between Afrikaans and English, pro-
duced as L1 and L2, the steady-state vowels show few differences. The most promi-
nent differences are in the production of /e/, which were observed in all the tests,
namely in isolated vowels, English and Afrikaans words. More differences were
observed in the production of the isolated vowels (where a number of significant dif-
ferences between /e/, /a/, /u/ and /y/ occurred) than in the production of the same
vowels in the context of Afrikaans and English words. See Table 5 for a summary and
Tables 2, 3 and 4 for the details of these differences.

The graphical representation (Figures 6 and 7) and tabulation (Table 6) of the for-
mant ratios of the most different vowels (/e/, /i/ and /y/), show some interesting
trends. The ratios of these vowels are displayed together with the ratios of the /&/ and
/a/. The /®/ can be viewed as a “stronger” relative of /e/, because the tongue is lower
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and tenser and the mouth is open wider. The neutral vowel /o/ is viewed as a
“weaker” relative of all the other vowels. Against this background, the trends for the
English mother tongue speakers seem to be that the production of the /e/ is “stronger”
than their Afrikaans counterparts, since the values are closer to those of the /®/. In
contrast, the /i/ 1s pronounced “weaker” by the English speakers, as their /i/-values
tend towards the /o/-values. Inspecting the values of Table 6, it can be seen that the
/y/ 1s pronounced more like /1/, its unrounded counterpart.

The trend concerning /i/ and /o/ is contrary to the popular notion that Afrikaans
speakers tend to neutralise the /1/, relative to their English neighbours. This seems to
be worth an in depth separate study.

The former trend concerning the /®/ and /e/ is interesting in relation to a general
belief about Afrikaans speakers in the northern part of South Africa, formerly Trans-
vaal. It 1s typical of Transvaal speakers to pronounce the word ek as [®k], while
Southern Cape speakers would pronounce it as (ek]. The interesting part is that the
Transvaal English speakers of this study produce an even stronger /®/ than the
Afrikaans speakers in the same region.

The third interesting observation relates to the theory of equivalence classification
(Flege, 1987), which states that L2 speakers learn to produce unknown sounds similar
to the L1 speakers of the same sounds, because these sounds form a new category for
L2-speakers. The results of this study contradict this theory, as the /y/ which is
unknown in English, shows a number of significant differences in both the isolated
vowels as well as the Afrikaans word [dobyt]. (See Tables 2, 3 and S.)

6. Conclusions and Further Projects

It is generally believed that an Afrikaans or English accent (for the language spoken
as L1 or L2) can be easily detected in the bilingual society of South Africa. The
results of this study show that the steady-state vowels is not the only place to look if
this accent is to be quantified. We did learn, however, that /e/ and /y/ are consistently
pronounced differently, and to a lesser extent also /i/, /o/ and /u/.

Since it is common knowledge that prosody contributes largely to foreign accen-
tedness, an obvious continuation of this study would be to investigate dynamic diffe-
rences, such as found in the diphthongs and controversial/ambiguous sounds /e/, /@/
and /o/ in Afrikaans. Appropriate dynamic features for the comparison of these
sounds will have to be found.

[f the acoustic differences of Afrikaans and English are to be modelled compre-
hensively, a statistical approach is necessary. This will have to include all the phones,
and in many contexts, such as found for American or British English in the large cor-
pora used in ASR research. The annotation of such large corpora are gigantic tasks,
which can only be attempted in South Africa, where there are limited resources, if it
1s done automatically. It is, however, an open question whether automatic segmenta-
tion can yield accurate enough results for this type of study.

Several studies relating to the acoustic phonetics of Afrikaans and English seem to
follow logically from this work, and are possible with the comprehensive data set as
described in Section 3. Some which come to mind are
* to investigate the long and frequently diphthongised vowels, to determine whether

and how they differ from their short counterparts,

* to resolve the ambiguities relating to /e/, /¢/ and /o/ in Afrikaans as mentioned
earlier,

+ to find appropriate features on which to base a comparison of the consonants and to
perform such a comparison,

78 IFA Proceedings 20, 1996




* to find appropriate dynamic features for the real and semi-diphthongues and to
compare them and
* to extend the comparisons to di- and triphones.

Finally it remains to be seen whether and how this model can be applied to speech

technology systems. Two avenues for investigation are currently envisioned:

1. Once a rule-based speech synthesis system for English is available, the model can
be applied to change the rules so that when the sound production rules are used for
Afrikaans words (the new language), these are pronounced without an English
accent.

2.In ASR systems that use explicit phonetic features (not the frame-based acoustic
features of the state-of-the-art systems), the recognition parameters are to be adjus-
ted to fit the new language.
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