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TEMPORAL CORRELATES OF [voice] IN ARABIC-ACCENTED ENGLISH

James E. Flege, Linguistics, Indiana U., Bloomington IN

Temporal correlates of [voice] for initial and
final stops in Arabic and English are examined. Cross­

language differences in phonetic implementation of
[voice] are found to have direct effects on the [voice]

contrast produced by Saudi Arabians speaking English.

English speakers are known to use a number of different acoustic dimensions
to contrast /p,t,k/ and /b,d,g/ (Lisker, 1978). The phonetics literature of the

past 20 years has made it abundantly clear that there is more to the English
[voice] contrast than just vocal fold vibration, and that the acoustic correlates
used to contrast sounds like /p,t,k/ and /b,d,g/ differ across languages. Among
the acoustic dimensions used to contrast voiced and voiceless post-stress stops

in English are two important temporal correlates: preceding vowel duration (Chen,
1970) and consonant closure duration (Li~ker, 1957). Closure duration may also

distinguish pre-stress voiced and voiceless stops (Stathapoulos and Weismer,1979).
At this time it is unclear to what extent this pattern of temporal correlates of

[voice] is unique to English ..

In this study we investigated temporal phonetic correlates of stop voicing

in American English and Saudi Arabian Arabic to determine if these two languages
differ in their use of duration to implement the voicing contrast. We also wished
to learn whether any differences in phonetic implementatfon of [voice] would af­

fect production of the English voicing contrast by Saudi Arabians. Most previous
studies of phonological interference in second language acquisition have dealt
simply with replacement of one speech sound by another rather than considering
details of the phonetic implement~tion of phonological contrasts in the target
language (Tarone, 1976).

Our first hypothesis was that there is direct phonetic interference in sec­

ond language acquisition. According to this hypothesis, Arabs use only Arabic pho­
netic correlates of [voice]when contrasting English /p,t,k/ and /b,d,g/ rather

than adopting the correlates of [voice] used by Americans. Our second hypothesis
was that differences in phonological inventories between Arabic and English would

affect implementation of [voice] in Arabic-accented English. Teachers of English
as a Second Language report that Arabs often cannot pronounce English /p/, which
seems to follow from the fact that Arabic lacks a phoneme /p/. If our second hypo­

thesis is correct; it would follow that Arabs should be less able to produce a
contrast between /p-b/ in a completely English-like way than one between /t-d/ or

/k-g/. Finally,"we wished to learn to what extent several years of residence in an
English-speaking environment would render phonetic implementation of [voice] more
like that of native English speakers.

Methods. Two similar production studies were carried
out, one in Arabic and the.other in English. Arabic
CVC test words (Table 1) differing in pl.ce of artic­

ulation and voicing ob both pre- and post-stress
stops were read in an Arabic carrier sentence by 8
Saudi students at Indiana University. In the English

Experiment similar CVC English words were read in a
comparable English carrier sentence by three popula­
tions: (a) 8 native speakers of Midwestern American

English (b) 8 Saudi students who had lived less than
TabLe 1. Test Words. 1 year in the U.S. (Group Ar-l) and (c) 8 Saudi stu-

dents who had lived in the U.S. for more than 2 years (Group Ar-2). Preliminary

results of 6 speakers in each population are reported here. Wide-band spectrograms
were made of 6 tokens of each test word in both experiments, and measurements were

[IiGlIStiUP.MAliC UP.

•...•
•...•

•.... ,
......

TIST WOROS

."
IoU

tAO~.

'"'"
I ••••T)
lAD

.,co..•

171



made of several acoustic intervals to the nearest 5 msec. Analyses of variance were

performed on a number. of the measured intervals. We report here on only consonant
and vowel durations.

Results. These experiments reveal that a number of differences in the phonetic

implementation of [voice] exist between Arabic and English. First, .we found that in
Arabic, unlike English, pre-stress /t-d/ and /k-g/ are distinguished on the basis

of closure duration (Fig. 1). The phonologically voiceless stops are significantlYlonger than the voiced stops for both places of
articulation (p <.01). For English, however, we
found no si~nificant effect of pre-stress conson­

ant voicing on closure duration.Not only did.voice­
less stops fail to be significantly longer than
voiced stops in this position, as in Arabic, they
tended to be somewhat shorter than the voiced stops.

It is interesting to note that if stop duration is

considered simply by p1a~e of articulation, mean
duration of alveolar and velar stops is approxi­

mately equal across languages.

Initial Con5Ot10n' Duration

ARABIC U~.ENGLISH EXP.
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Figure 1. Pre-stress stop
duration in Arabic and English

1es~ on the basis of duration.

We also found that Arabic, uniike English,

does not distinguish post-stress voiced and voice­
There-r5 no significant duration difference between
It-d/ and /k-g/ in post-stress position (Fig. 2).
In English we found, as- e~pectedfrom previous stu­
dies (Lisker, 1957; Port,1976) that voiceless stops
are significantly longer than voiced stops (p<.Ol).

An exception to the durationa1 contrast for post­
stress stops is /t-d/.When all measured tokens of
/t/ and /d/ are averaged, /t/ is longer than /d/

by about the same proportion that /p/ and /k/ are
longer than /b/ and /g/.But most /t/s (24 of 36)
and most /d/s (30 of 36) were flapped by the Amer­

ican speakers in our study. When just the flapped
.alveolar stops are considered (duration> 40. msec.)

. we find a neutralization of the duration ~o~trast

F~~ure .2. Pos~-stress st~p dur-between /t/ and /d/as reported in previous studies
at~on '~n Arab~c and Engl~sh. (Port, 1976).

These differences in temporal correlates of [voice] as a function of .position
within the syllable are directly manifested in Arabic-accented English. We found
that Saudi Arabian speaker~ of English use duration as a correlate of pre-stres~

stop voicing just as in Arabic, but did not do so for post-stress stops. In Figure
- 3 differences in duratton between voiced arid voice-

less pre-stress English stops is displayed for Am­
erican and Saudi speakers. We see that both groups
of Saudi students made pre~stress /k/ significant­

ly longer than /g/ (p<.Ol). Both groups also made
pre-stress jt/ longer than /d/, although the dif-
ference is significant (p<.Ol) for only one group
(Ar-2). We ~lso found that the duration of /p/, a
phoneme which Arabic lack~, is over 20 msec. long­
e~ than /b/ in Arabit~accerited English. This dif­

ference is significant at the .01 level . The tem­

poral contrast for [voice] in p~e-stres~ position
Figure 3. Duration differenceswhich is present in Arabic-accented English con­
between pre-stress voiced and trasts shar~ly with the lack' of a, durationa1 con-
voiceless stop pairs. trast for voiced and voiceless initial stops by

native English speakers .
. .In Figure 4 differences in duration of voiced and voiceless final stops is

displayed. Again we see the influence of Arabic timing on the E~glish spo~en by
Saudi Arabians. For the American speakers /p/ and /k/ are significantly longer than
/b/ and /g/ in this position (p<.Ol). The Saudi students who had lived in the U.S.
an average of 6 months (Group Ar-l) produced no significant duration difference
for final stops. The more experienced group of Saudis, who had lived 3 years in

the U.S., did make final voiceless stops significantly longer than voiced stops
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Finally. we found that use of vowel duration
as a correlate of post-stress stop voicing also dis­

Figupe 4. Dupation diffep- ti~guishes native English frbm Arabic-accented Eng­
ences between post-stpess 1ish. In Arabic we found a small (6 msec.) but non­
voiced and voiceless stops. significant effect of consonant voicing on the dur­
ation of preceding vowels. In Arabic-accented English we found that the differ-

ence in duration of vowels before /k/ vs. /g/ and

/t/ vs. /d/ is far smaller that that produced by Am­
ericans. The vowel duration'difference produced by

the two Saudi groups is. however. significant in
three of these four cases(pc.01). We also discovered

that neither group of Saudis produced a significant
vowel duration contrast before /p/ vs. /bj. This is

interesting since the more experienced group of Saud­

is did produce a contrast,for /p-b/ closure.

VO_" bekx. Voiced Con5Oi'lG'lt.

minu.s VO_'s belrxe VOiceln. Consonanl.

(pc.01). For both groups. however. the difference in
duration between final voiced and voiceless stops is

much less than that produced by the Americans. An

exception to this is the /t-d/ pair which. as men­
tioned above. is largely neutralized by flapping by
the Americans. The more experienced group of Saudis

(Group Ar-2) makes /t/ significantly longer than /d/
(pc.01).

.-,p-b
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Figupe 5. Dupation diffep­
ences between vowels ppe­
ceding voiced vs. voice­
less consonants.

Discu~sion and Summary. We have seen that Arabs
tend to use Arabic temporal correlates of [voice]

when speaking English. thus producing a duration con­
trast for initial but not final stops. and virtually
no' use of vowel duration as a correlate of post­

stress stop voicing. We now wish to consider how

two other factors - speakers' experience with English as a second language. and
the fact that Arabic lacks /p/ - affect production of the English voicing contrast.

lOp-lOb bot - bod bocll-bo9

We see some indication that length of residence in an English-speaking envir­

onment affects phonetic implementation. The less experienced group produced small

but significant differences in vowel duration as a function of the voicing of a
following velar or alveolar stop. This same group, however, failed to produce a
closure duration correlate of [voice] for post-stress stops. The more experienced

Saudi speakers, on the other hand. seem to have acquired a durationa1 contrast

for post-stress stop voicing, a finding which has also been noted for the more
experienced of two groups of Finns learning English by Suomi (1976). The seeming
preference of a consonant duration correlate over a vowel duration correlate of

[voice] by the more experienced group can be seen in the production of the mini­
mal pair bat-.E..£.l.The six speakers of Group Ar-1 produced a significant vowel
duration contrast, but no closure duration contrast; whereas the more experienced

group. Ar-2, produced no vowel duration contrast but did make /t/ significantly
longer than /d/ (pc.01). This last finding is especially interesting when we con­
sider that the American speakers iQ the surrounding community tend to neutralize
any /t-d/ durationa1 contrast by flapping. These findings suggest that the more
experienced Arab speakers of English have generalized post-stress stop closure
duration as a correlate of [voice] from the labial and dental places of articu­
lation. Gen~ra1ization of a sub-featura1 voicing correlate may even extend to

pre-stress position: we see that the more experienced group also produces a lar­

ger duration contrast for intia1 stop voicing that that which exists in Arabic.

Contrary to expectation, the lack of /p/ in Arabic does not seem to greatly

affect phonetic implementation of [voice] in Arabic-accented English, at least
insofar as the temporal parameters discussed here are cpncerned. We do see some­

what more of a non-English use of duration to contrast /p-b/ in initial position
than for other stop pairs; and we also see somewhat less use made of vowel dura-'
tion before /p-b/ than before /t-d/ and /k-g/. But these differences are small.
and are consistent with a larger pattern of temporal inteference.

The frequently reported production of [b] for intended /p/ seems tobe
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