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Abstract

This study is an attempt to investigate the role@fel quality
in signaling stress and accent in Southern Britisglieh (SBE),
Tunisian Arabic (TA), and English as produced bynisian

speakers (L2 English). Results show that while biottmant
values are affected by lexical stress in SBE, ombdignt F1
lowering can be used to predict lexical stressAn[2 speakers
seem to have transferred this latter fact fromrthreither tongue
as in their productions of English vowels, only was affected
by stress. Vowel reduction due to stress in TA &BE was
dissimilar, which affected L2 speakers productiondwel

quality had no significant role in cuing accentany of the
languages explored.

1. Introduction

Prominence cannot be a matter of vocal effort aldinis also a
matter of prosodic and articulatory distinctneshe Tatter is
evidenced in the fact that stressed vowels showeneatreme
formant frequencies than the same vowels in ursgtesor
unfocused positions, but languages and also diatddhe same
language differ in the degree to which variationsiness or
accent influences the articulatory distinctnessavels. In fact,
stressed or accented vowels have often been equitedlear
or spectrally expanded vowels featuring articulateffort and
precision, that is, vowels lacking the spectraluain that
characterizes unaccented vowels.

2. Vowel quality as a cue to stress and accent in
various languages

Harris [1] distinguished between two types of vowadiuction.
The first one is called ‘centripetal’, where reddiaeflexes are
drawn into a central region. In English, for exaepinstressed
vowels are often reduced vowels which approactstieva [s ]
quality. The second one is called ‘centrifugal’ amivels in this
type of reduction are dispersed in the far cormérthe space.
The spectral profiles of centralized vowels and ‘twner’ or
point vowels can be viewed as less complex thasettad the
mid peripheral vowels. Centripetal and centrifugadiuctions,
according to [1], have the shared effect of dinfimg the
amount of phonetic information in the speech signal

Vowel quality is often reported to be a cue to srén many
languages of the world. However, most of this redeauffers
from confounding stress with accent, which makedifficult to

know whether the results reported are those otddgtress or
accent. [2] found in their study of the acoustiaretates of
linguistic stress and accent in Dutch and AmeriEaglish, that
stressed vowels are characterized by a fuller vayelity than
unstressed vowels. Furthermore, focused constgyerdrked by
pitch accent) have a fuller vowel quality comparedth

unfocused constituents. In ltalian also , [3] aAdl $howed a
strict connection existing between word stress amavel
reduction; unstressed and word-final vowels showedigh
degree of reduction if compared to stressed orspecially (but
not uniquely ) in spontaneous speech. Their reshlsvever,
contradict with [6] who argued that Italian sholdd classified
among the languages that are minimally affectethbyreduction
process.

Previous research on the role of vowel qualityumg stress and
accent in different languages of the world, thushows that
vowel quality is a patchy cue not only cross-lirggigally but

also within the same language. Tunisian Arabic (Tjagt like

Modern standard Arabic and most other dialects @tbic is

known to be a language with phonemic length contrekere

changes in segment duration can affect the meanfittge word.

An investigation of the acoustic correlates ofstrand accent in
TA [7] has revealed a lack of durational involvemerf this

language in lexical stress. No significant duradiodifferences
were found between stressed and unstressed censsitiDespite
this latter fact, Tunisian learners of English proed significant
durational contrast due to lexical stress. In aoidjtduration in

TA was used to distinguish between accented andcensed

constituents.

The present paper reports results on the role wel/quality in
cuing stress and accent in Southern British Eng(SBE),
Tunisian Arabic (TA), and English as produced bynigian
speakers (L2 English, hereafter). It also tries assess,
qualitatively, the impact of the differences or gimilarities to
be found on the learning of English prosodic fesdury Tunisian
speakers.

3. Method
3.1. Test material

Three experiments were designed to measure thestcou
correlates of stress and accent (including vowality) in SBE,
TA, and L2 English. Minimal pairs of the kind'pemit’/
“per'mit”, were used as test words for SBE and L2 Englisir
each language, an experiment was designed to &licit the
speakers the desired pitch contours. Special sesgethat guide
the pitch accent to the target word [+focus conditiand others
that place it elsewhere [-focus condition] were staucted to
measure the acoustic correlates of stress and taccen
independently. The vowels measured are all monaopigth
vowels existing in 12 disyllabic minimal pairs tesbrds and
they included b/ in pairs such as'¢ontract”/ “cont'ract”, /e/ in
“record”/ “re'cord”, /3 / in “'pemit’/ “per'mit’, and A/ in
“'subject”/ “sub'ject”. For TA, near minimal pairs were used in
the same focus and stress conditions. They inclimfeid word
pairs like fakkar/fak'kart, /e/ in /beddel/bed'delt/, /x/ in



'kisbit/kis'buh/ and U/ in /'muytir/mury'tar

The frame sentences in which the target words pla@ed were
the same and were designed, first to naturallyitefiom the
speakers the desired prosodic contour, and seoonaidt in
segmentation.

Examples from SBE:

*[+Focus] condition (lexical stress+ phrasal strgstch accent)
on the target word ‘permit’)

SayLICENCE again
SayPERMIT again

*[-Focus] condition (lexical stress only, the phabstress (pitch
accent) is placed on word in bold)

A permit is another word for licence
WRITE permit again
SAY permit again.
Examples from TA:

*[+Focus] condition (lexical Stress+ Phrasal Strgdteh accent)
on the target wordf'akkar’)

fqul xammam martin/ “sayconsidertwice”

/ qul fakkar martin / “sayhink twice”

*[-Focus] condition (lexical stress only, the ptabstress
(pitch accent) is placed on word in bold)

[fakkar kilma sehle / “Think is an easy word”

/ qul fakkar martin / ‘Saythink twice”

/ 2awrd fakkar martin /  ‘Repeatthink twice”

The terms [+Focus], [-Focus] and their abbreviatiprF] and [-
F] are used throughout the present paper to irelita focus
condition.

3.2 Subjects and recordings

The subjects for the English experiment were fiv@arspeakers
of SBE with no known hearing or speaking disord&rey were
between the age of 26 and 55, and were all eithelyig or

working at the University of Edinburgh at the tinod the

recording. The recordings took place in one of tbeording

studios in the department of theoretical and agdplieguistics

(TAAL) in Edinburgh, UK. They were made in a sourmipf

room using an AKG hypercardiod microphone.

For Tunisian Arabic, the informants were three nehel three
female Tunisian students of English. Care was takenhe
choice of these subjects so that they were alleperhative
speakers of Tunisian Arabic, thus, no one had arpavho was

not Tunisian. This meant to avoid the risk thattaapdialect of
Arabic or another language influences the subjegtséch. They
had been learning English, in Tunisia, for at lessten years.
These same subjects produced the English test wed to
assess the use of vowel quality as a cue to sarefier accent in
L2 English.

The recordings took place in a soundproof room gisin
professional microphone. They were recorded diyeotito a
computer at a frequency response of 44.1 kHz, titlewn
sampled to 16 kHz mono. The subjects read the qaeented
to them three times for each block of cards.

3.3. Data analysis

Twelve sentences for each focus and stress conditeye used
to measure the monophthong vowedsz/e, A/ in the minimal
pairs test words for both SBE and L2 English . Fé; Ten

sentences were used for each stress and focustioasdto

measure the monophthong vowelg,s/z,u/ . The vowel
formants were calculated from the nucleus at thetnmense
point through an automatic script (developed by) [&at

calculates F1 and F2 at the midpoint of a spesiéigment in a
Text Grid file. The procedure is repeated for eacburrence of
that segment in the Text Grid. F1 and F2 are cafedlusing ‘To
formant (burg)' and the tracker. Both of these algors set
parameters as a function of speaker sex. Incoraud

unexpected formant values were checked by handamdcted.
The values obtained and the variations due tosstfesus, vowel
type, sex, or to the interaction between theseofacivere
assessed statistically through repeated measuMEVA tests

for each formant, separately

4. Results and interpretation

4.1. Results for SBE

The measurements obtained for SBE were checked for

significance through a three-way ANOVA test that swa
performed for each formant separately withwel type, stress,
and focus as fixed effects, andavith repetition and speaker as
repeated measures. The results for F1 showedhihabivel type
factor was non-significant. Focus was also fountage a non-
significant effect on F1. On the contrary, the efffef stress on
F1 was highly significantF (1, 240) =44.02; p<.005). No two-
way interaction was at all found between vowel smdss, vowel
and focus, or between stress and focus. The thaganteraction
between stress vowel and focus was also non-signitfi

The first formant in these British English vowelesss, thus, to
be affected by lexical stress only and that focies, (@ccent) does
not affect it. The five male speakers participating this
experiment lowered F1 of their vowels in the ursstesl position.
This suggests that they tend to open their moutlss lvhen
producing unstressed vowels than when producingsstd
vowels as both reduction and less mouth openindiaog/n to
be responsible for changes in F1 when vowels astressed and
/or unaccented. The results for F2 revealed thatvthwel type
effect was highly significant (F (3, 240) = 32.3%.001). Focus
had no significant effect on F2. Stress also hadsigaificant
effect on the second formant. The effect of thetdfastress
could, however, be seen in the significant intéoacexisting
between vowel type and strefs (3,240) = 14.32; p< .001),
which indicates that the magnitude of the stredscefon F2
depends on the type of the vowEhe interaction between vowel



and focus was non-significant. The interaction leefmv stress
and focus was non-significant, too. In additione tinree-way
interaction between stress vowel and focus wasigatficant.

The second formant in these British English vowislsthen,
affected by vowel type and by the interaction befwstress and
vowel type, only. Since both F1 and F2 of thesetlSau British
vowels are affected by lexical stress, vowel qualdan,
subsequently, be considered an acoustic correfldsioal stress
in this language. In fact, the spectral reductibSBE vowels in
unstressed positions seems to interact with themporal
reduction since these vowels shortened signifiganith
unstressed positions (as shown by the duratiortseshbtained
for these vowels and are reported in [7]). It tually, known in
the phonetic literature that the shorter the vowibe more
centralized it becomes ([9] and [10]).

4.2. Results for TA

For F1, d&our -way analysis of variance was used wstx, vowel
type, stress, and focus as fixed effects and withepetition and
speaker as repeated measures. The results of this testlesl/
thatsex had no main effechowel type, stress andfocus were all
very significant with F (3, 288) = 28.70<005 forvowel type, F
(1, 288) =63.58; .05 for the factorstress, and F (1, 288) =
139.01; p<.005 for the factofocus. No significant interaction
was found between either, stress and sex, or betweeel and
stress. A significant three- way interaction waswaver, found
between sex, stress, and vowel type.

For F2, a four- way ANOVA was used witex, vowel type,
stress, andfocus as fixed effects, and wittepetition andspeaker
as repeated measures. The results of this testeshthatsex was
highly significant (F (1, 288) = 75.45; ¢ .05), vowd type was
very significant, too (F (3, 288) = 158.27«.p01). Sress and
focus were, however, non-significant. All types of intetian
between the different fixed effects were found te bon-
significant.

Stress and focus affect the first formant of TA etsy but not
their second formant. Although these vowels undesgme
changes due to stress and focus, the degree dfid&®ye under
stress and focus differs from vowel to vowel amahfrmale to
female speakers. Actually, these vowels have nahghd their
front-back positions. Extreme cases of reductiohene vowels
lose their quality and become schwa like are staateserved in
this experiment, especially in the [+Focus] comditi that is,
when a pitch accent is realized on the vowel. Tésults of
experiment 2 allow claiming that only gradient vdWweight is a
correlate of stress in TA.

The type of change occurring to unstressed vowelBAi seems
to be rather similar to what Harris [1] referredat® ‘centrifugal’
reduction, as vowels in this type of reduction digpersed in the
far corners of the vocalic space. Figure 1 belowwsh the
distribution of stressed and unstressed TA vowel#é vocalic
space.
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Figurer Sressed and unstressed TA vowel by three male
speakers. (') refersto the stressed vowel

This type of reduction is opposed to what Harri$ ¢alled
‘centripetal’, where reduced reflexes are drawro iat central
region in the vocalic space. The nature of voweluotion
observed in TA, in this experiment, may also beseduby the
nature of the speech used; controlled speech,ighaft course,
different from spontaneous speech.

4.3. Results for L2 English

A four-way ANOVA was used for the first formant b2 vowels.
In this statistical testex, vowel type, stress, andfocus were used
as fixed effects, whilespeaker and repetition were used as
repeated measures. The results showed that the effeex on
F1 was non-significant. The effect of thewel type was
significant withF (3, 288) = 6.20; p<.05). The effect ofstress
was highly significant, too (FL, 288) =259.01; p<.005.). Focus,
on the contrary, was shown to have no significdfeice on the
first formant. Significant interactions were fouheétween sex
and vowel(F (3,288) = 5.23; p< .05) and between vowel and
stress(F (3, 288) = 4.81; p =.049), though this latter's value
tended towards non-significance as ptvalue (.049) was very
close to the criticap value (.05). All other types of interaction
were non-significant.

For F2, a four-way ANOVA withsex, vowel type, stress, and
focus as fixed effects and witkpeaker andrepetition as repeated
measures was also used. The effect of sex was ftaubd non-
significant. Stress and focus, too, had no sigaifianain effects
on the second forman¥owel type, on the contrary, had a very
significant effect on the conduct of the secondriant (F (3,
288) = 39.67; p <.001). Significant interactions were, however,
found between sex and vowgl (3, 288) = 10.80; p<05), and
between sex and stress where the statisticalalue of the
ANOVA test was highly significantH (1, 288) = 340.20; p <
.001).

It seems, here, that the effects of both vowel tgpé stress on
F2 are moderated by the sex of the speaker. Aktrotypes of
interactions were non-significant. Figure 2 belovoyides an
F1/F2 plot of stressed and unstressed L2 voweldymed by
three female speakers.
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Figure 2 L2 vowel plot (F1/F2) for three female speakersin the
[-F] condition. (') refers to the stressed vowel

The results, thus, show that stress affected vdw@ht only
(reflected in F1) in L2 English, while no differeeecin backness
(reflected in F2) have been observed. It can raltieeasserted
that Tunisian speakers do not make a native likiiaton of
English vowels in either unstressed or unfocusegitipas. The
formants values of their unstressed vowels arevant close to
those of schwa and do not approach the centereofvtizalic

space in a clear wakldere,a transfer from the mother tongue use

of vowel quality can be noticed as in TA, only Fasaaffected

by stress and focu%his tendency not to make necessary vowel

reduction is often observed in non-native carefdesh and is
known to be a good indicator of non-native accé&he use of
vowel quality as a stress cue in L2 production seémdiffer
from their use of duration for the same purposeotifih SBE
and TA show differences between both duration j¥d aowel
quality as acoustic correlates of stress, trarfsfen the mother
tongue happened only in the use of vowel qualityictv may
reveal the complexity of this cue for L2 learnénsparticular.

5. Conclusion

The results generally show that the role of vowsllity in cuing
stress and accent in SBE differs from TA. Differéyppes of
reduction were observed in the two languages, winithenced
the production of this cue by Tunisian learner€nglish. This
may explain the difficulties generally met by L2ateers (and
often reported in the literature) in using this cure their
production of English and their inability to makatinve- like
vowel reductions. Further research on other typespeech
(rapid, spontaneous...) is, however, needed to gee rmsight
into the role of vowel quality in accent and strds$ection and
its importance in the learning of English speegfthrtn by non-
native speakers.
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