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ABSTRACT

This study reports the findings of a research that was conducted on ten (10) Arab students, who 
were enrolled in a master of English applied linguistics program at Universiti Putra Malaysia. 
The research aimed at instrumentally analyzing the English stops produced by Arab learners, in 
terms of voice onset time (VOT); identifying the effect of their mother tongue on producing the 
English stops; and the extent Arabic speakers of English differentiate in terms of pronunciation 
between minimal pairs. The findings of the study showed that some of the subjects’ VOT values 
were similar to native speakers of English. It was also found that the subjects could differentiate 
in terms of aspiration or voicing between /p/ and /b/, which refutes the assumption that Arab 
learners have a problem in producing the /p/ sound with appropriate aspiration. However, they 
did not show significant difference in pronunciation between the/t/and/d/or between the /k/
and /g/. Moreover, there is a kind of limited effect of the L1 on producing some stops (e.g./t/and 
/g/). However, for the /b/ sound, it cannot be inferred that there is interference from the mother 
tongue because its VOT value is almost the same in English and Arabic. This research suggests 
that teachers need to enhance Arab learners’ pronunciation of some minimal pairs such as /t/ and 
/d/or /k/ and /g/.
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INTRODUCTION

English and Arabic are two distinctive languages which be-
long to two different language families. Arabic is a Semitic 
language while English is an Indo -European language, which 
postulates a contrast between the two languages in respect 
to syntax, morphology and phonology (Na’ama, 2011). The 
representation of the phonetic system in the two languages is 
different, as well (Al-Ani, 1970). For example, consonants 
and vowels are different in English from their counterparts 
in Arabic, which prompts some Arab learners mispronounce 
some English consonant sounds (Na’ama, 2011). It may be 
hypothesized that Arab learners have problems in producing 
the /p/ and /g/sounds due to their lack of representation in the 
Arabic linguistic system. The problem is intensified by the 
complex syllable system of English, which splits syllables 
up into an onset and a rhyme; the rhyme, in turn, is split up 
into a vocalic nucleus and a coda. The coda contains all the 
postvocalic consonants, while the onset can vary in terms 
of the number of consonants (Wang, 2007). In relation to 
this, Avery and Ehrlich (1992) identified common pronunci-
ation problems for most Arab L2 learners of English; among 
the problematic sounds identified is the /P/ stop consonant, 
which is lacking in the Arabic linguistic system (Kopczynski 
& Meliani, 1993). In a similar vein, Kopczynski and Meliani 
(1993) mentioned that the/g/sound does not exist in the Ar-
abic sound system. Also, some other stops are represented 
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differently in the two languages. For example,/t/is alveolar 
in English, but it is dental in Arabic (Kopczynski & Me-
liani, 1993). These variations between English and Arabic 
lead to a hypothesis that Arabic speakers of English may not 
produce some of the English stops accurately, especially in 
terms of aspiration or voicing.

Over the past few decades, a considerable number of 
studies investigated voicing contrasts in stops employing the 
voice onset time (VOT), and which gradually became one of 
the most significant methods for examining timing of voic-
ing in stops, especially in a word-initial position (Chao & 
Chen, 2008). However, only a few attempts were made to 
examine VOT patterns among Arab learners who speak En-
glish as a second language (ESL).

Some studies have recently instrumentally analyzed 
the English vowel sounds produced by Arabic speakers 
of English (e.g. Al-Hamadi & Ali, 2012; Ali, 2013; Hu-
bais & Pillai, 2010; Khalil, 2014); likewise, some stud-
ies instrumentally analyzed the consonants produced by 
nonnative speakers of English. For example, Mahmood, 
Asghar and Jabeen (2011) instrumentally examined the/θ/
and/ð/Sounds in Pakistani English; Yamaguchi and Pḗ-
tursson (2014) examined the voiceless stop consonants in 
Malaysian English. Although very few studies (e.g. Khat-
tab, 2000) examined English VOT values among bilingual 
Arab children, and the English stop consonants produced 
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by adult Arabic speakers (e.g. Flege & Port, 1981), little 
is known about more recent studies that examine VOT 
values among Arab ESL learners. Employing instrumental 
analysis to measure pronunciation accuracy seems to be 
pivotal due to the fact that people have different abilities 
of perception, and thus they are not equal in their abili-
ty to identify the differences between the different utter-
ances of different people. Moreover, so much consonant 
variation cannot be perceived by ear, which heightens the 
importance of employing instrumental work to gather ac-
curate data (Lavoie, 2002). Lavoie stated that much more 
variation in consonants than expected was found because 
lexical knowledge and categorical perception both make 
it challenging to hear all of the variation that is present 
in consonants. Hence, it is important to examine spectro-
grams, in line with listening and transcribing the speech 
(Barry, 1996). Considering the fact that minimal pairs pose 
a challenge for second language learners (Smith, 2007). 
This study, therefore, aims to
1. identify the VOT values of the English stops produced 

by Arabic speakers of English, and the interference of 
their mother tongue; and

2. identify whether Arabic speakers of English can differ-
entiate in terms of pronunciation between the minimal 
pairs of consonants.

LITERATURE REVIEW

Previous Studies on Native, Bilingual, and Non-Native 
Speakers

There are many studies which were conducted on na-
tive speakers starting from the major study of Lisker and 
Abramson (1964), who investigated the VOT for four Amer-
ican English speakers. They found that the VOT values of/
p/,/t/,/k/,/b/,/d/,/g/were 58, 70, 80, 1, 5, 21 ms, respectively. 
In their study of three Canadian English speaker, Macleod 
and Stoel-Gammon (2005) found that the VOT values of 
the voiced stops/b/,/d/and the voiceless stops/p/,/t/were 19.8 
and 87.9 ms, respectively. Kessinger and Blumstein (1997) 
examined the VOT of four English speakers; they found 
that the VOT values of/p/,/t/,/b/,/d/were 85, 100, 15, 20 ms 
respectively. Similarly, Klatt (1975) conducted a study on 
three English speakers, whereby he found that the VOT val-
ues for/b/,/d/,/g/were 11, 17, and 27 ms, respectively; where-
as the VOT values for/p/,/t/, and/k/were 47, 65, and 70 ms, 
respectively. In a similar vein, Caruso and Burton (1987) in-
vestigated VOT among eight English speakers. They found 
that the VOT values of/p/,/t/,/k/,/b/,/d/,/g/were 62.5, 71.9, 
74.8, 19.7, 21.4, 35.2 ms. respectively.

In the context of bilinguals, Macleod and Stoel-Gam-
mon (2005) conducted a study on three Canadian French 
speakers; they found that the VOT mean values of the 
voiced stops/b/,/d/and voiceless stops/p/,/t/were _99.3 and 
37.4 ms, respectively. In the context of nonnative speakers 
of English, the VOT values of four French speakers were 
examined by Kessinger and Blumstein (1997); they found 
that the values of/p/,/t/,/b/,/d/were 30, 35, _115, _ 100 ms, 
respectively.

Previous Studies in Arabic Context
Flege and Port (1981) examined various aspects of the pro-
duction of voiceless stops (/p/,/t/, and/k/) among Saudi Ar-
abic speakers learning English in the United States. They 
divided them into two groups of six participants each; the 
first group (Ar1) members had spent less than one year in 
the U.S., while the members of the second group (Ar2) had 
all spent more than a year in the U.S., with an average of 
39 months of residency. For the purpose of comparing and 
contrasting, Flege and Port also examined the English stops 
among American native speakers of English. The recorded 
production of the voiceless stop consonants in initial position 
of all the three groups (i.e. the two Arabic speakers’ groups 
and the American speaker’s group) was analyzed in a carrier 
phrase using Pratt. Flege and Port found no significant dif-
ference among the two groups of the Arabic speakers; the 
group who had been living in US for long time (Average 
39 month), and the group who had been living for less than 
a year. However, there was a significant difference between 
native Americans and Arabs. The following Table 1 summa-
rizes their results (the  standard  deviation value is provided 
between  brackets).

Similarly, Khattab (2000) conducted a study on mono-
lingual and bilingual speakers of Arabic and English. Arabic 
speakers were from Lebanon. Khattab examined the VOT 
values in both English and Arabic. Among the monolingual 
Arabic participants, the VOT values for the Arabic/p/sound, 
which does not exist in Standard Arabic, ranged from 8 to23; 
for the Arabic ك/k/sound the VOT values ranged from 22 to 
39; for the ت/t/sound, the VOT values ranged from18 to 39. 
However, she found negative VOT values for the/b/ب,/d/د 
and/g/sounds (note that the/g/sound which does not exist in 
the Lebanese Arabic). Khattab found that the Arabic/b/sound 
had a negative VOT value which ranged from -30 to -57; the 
Arabic/d/sound had VOT values ranged from positive 5 to 
negative -56; and for/g/the VOT values ranged from positive 
18 to negative -5.

Among bilinguals (with English as dominant), Khattab 
found that the VOT values for the English/p/sound ranged 
from 40 to 90; for/k/, the VOT values ranged from 50 to 
100; for/t/the VOT values ranged from 45 to 110. As for 
the/b/sound, the VOT values ranged from negative -10 to 
positive 10;/d/had values that ranged from negative -5 to 
positive 18; and/g/had VOT values that ranged from 25 
to 30.

English and Arabic vary in their VOT patterns. The VOT 
range for Arabic voiceless stops falls nearly within the range 
of voiced stops in English, while voiced Arabic stops and 

Table 1. Production of voiceless stops (/p/, /t/, and /k/) 
among Arabic speakers (Flege & Porte, 1981, p. 135)
Voice onset time American 

speakers  
(group 3)

Arabic 
learners  
(group 2)

Arabic 
learners  
(group 1)

/p/ in pat 46 (4) 21 (11) 14 (10)
/t/ in tab 62 (11) 29 (14) 32 (10)
/k/ in cab 67 (12) 47 (11) 41 (7)
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voiceless English ones are each at an extreme end of the 
continuum (Khattab, 2000). AlDahri (2012) investigated the 
Arabic consonants/t/and/d/(ت ;د) among Saudi students. He 
found that their VOT values were 65 and 16 respectively. He 
also found that Modern standard Arabic and Classical Ara-
bic have short VOT for the voiced sounds, while voiceless 
sounds have long VOT. The VOT values found in modern 
standard Arabic of/b/,/d/,/k/, and/t/were 13, 14.75, 52, and 
49 respectively.

METHODS

Subjects

Ten (10) Arab students constituted the sampling of this 
study. They were enrolled in an English applied linguistics 
master program in Universiti Putra Malaysia. To control for 
the proficiency level, respondents were selected according 
to their IELTS score, which is a requirement to enroll for the 
master’s degree program; all of them had an overall band 
score of (6) in IELTS.

Instruments

Pratt software was utilized to record and analyze sounds of 
Arab speakers of English. They were analyzed in terms of 
the VOT (voice onset time).

Measurements and Stimuli

This study aimed at investigating the VOT of the English 
stops; thus, the target words were uttered in the carrier phrase 
“Say. again”. The target words are: bat, pat, tap, dap, cap, 
and gap. The VOT value was measured for each respondent 
using Pratt software (Boersma & Weenink, 2012).

Procedures

Subjects’ utterances were recorded in a quiet room, using the 
Logitech noise- cancelling headset-built-in microphone con-
nected to a laptop. Each recording was done and saved on the 
Pratt software at 2050 Hz sampling rate. The measurements 
were done on wideband spectrograms according to the pro-
cedure recommended by Lisker and Abramson (1964). After 
recording the sounds using Pratt, the recorded sounds were 
replayed and checked to ascertain the quality of the sound. 
Then, the recorded material was instrumentally analyzed to 
measure the VOT value for each stop consonant of each sub-
ject.

RESULTS AND DISCUSSIONS

The following Table 2 summarizes the mean VOT values of 
the English stops produced by the participants, and the stan-
dard deviation values. The letter “S’ is used to refer to the 
word ‘subject’ in this study.

As seen in Table 2 above, Arab learners of English seem 
to have a problem with some stop consonants. For exam-
ple, the VOT mean values for/t/and/k/were found to be 44.5 

and 59.2, respectively, which is below the values found 
among native speakers in the study of Lisker and Abramson 
(1964). The VOT value of the/g/is 34.2; this value is much 
longer than what is established in literature among some 
native speakers of English (e.g. Lisker & Abramson, 1964; 
Macleod & Steol-Gammon, 2005). However, this value is 
close to the value found by Caruso and Burton (1987) among 
eight English speakers. By contrast, the VOT values of/p/,/d/
and/b/were found to be 51.5, 32.9 and 5.1, respectively. 
These values are native-like values (according to some lit-
erature among native speakers). They fall in the range of the 
average values. Detailed discussion is provided in the sec-
tions to follow.

VOT of the Sounds
VOT of the /b/
The VOT mean value of this sound was found to be 5.1, 
which is in the normal range found by Lisker and Abramson 
(1964). This basically shows that Arab speakers of English 
do not have problem with this sound. However, deeper look 
at the standard deviation shows that there is wide variation 
among the subjects (Figure 1).

As seen in the graph, wide variations among the subjects 
were found. For example, subject (S) 9 had a negative VOT 
of _99, while S1 had, by contrast, VOT of 60 ms. The mean 
value was 5.1 ms, which follows Lisker and Abramson’s cat-
egorization who mentioned in their study that the VOT value 
of/b/, in many languages, ranges from _20 to 25. However, 
if each respondent’s VOT value was individually examined, 
it will be noticed that some subjects’ VOT values are not 
conformant with Lisker and Abramson’s. For example, S1 
has very long VOT (60 ms), while S7 and S9 have long neg-
ative VOT, that is, _53 and _93, respectively. This may be 
attributed to the teaching methods employed in some Arab 
countries, as they tend to teach students produce the/b/sound 

Figure 1. VOT of the /b/

Table 2. Mean and Standard deviation of the English 
stops

p t k b d g
Mean 51.5 44.5 59.2 5.1 32.9 34.2
Standard 
deviation

19.85 19.028 26.49 46.93 34.94 41.35
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either with much aspiration or with very low aspiration. Un-
surprisingly, Khattab (2000) found that the VOT value for 
the/b/sound among young monolingual Arab subjects to be 
ranging from _30 to _57 which is conformant with S7 VOT 
value. The other subjects’ VOT values were found as estab-
lished in literature, either in Lisker and Abramson’s study or 
other studies. In sum, it seems, as hypothesized, that Arab 
learners do not have a problem in pronouncing the/b/sound. 
It is noteworthy to mention that the VOT value of the/b/sound 
in Arabic is 14 ms. (AlDahri, 2012); hence, Arab learners do 
not face difficulty in producing this sound. However, it is 
difficult to conclude that the mother tongue of the subjects 
contributed positively to their pronunciation of the sound. 
The subjects did not show a problem in producing the sound 
maybe due to its existence in their mother tongue linguistic 
system. This is a positive transfer, which was highlighted by 
Sabbah (2014), who mentioned that positive transfer occurs 
when learners use their mother tongue rules to help them use 
the second or foreign language.

VOT of the /p/
The mean VOT value of this stop was found to be 51.5. This 
value shows that there is a slight aspiration, as described by 
Chao and Ladefoged (1999); it does not fall under the as-
pirated sounds. Figure 2 below shows the VOT values that 
were found among the subjects.

As seen in Figure 2, the VOT values for half of the sub-
jects (i.e. S3, S5, S8, S9, and S10) were found to be below 
58 ms. Few exceptions were found such as S2, whose VOT 
value hit 86 ms; S4 had also a VOT of 63 ms; and S6 whose 
VOT value was found to be 70 ms. As mentioned earlier, 
the mean value of the VOT produced by the subjects was 
51.5, and the standard deviation was 19.85, which is lower 
than the value found by Lisker and Abramson. However, this 
mean value is close to the findings of Chao and Ladefoged 
(1999) who found that the mean VOT value was around 50 
ms.

Examining Figure 2, it is seen that S8 had the lowest VOT 
value among the subjects; her VOT value was found to be 15 
ms. Also, S3 had a very low VOT value; that is, 39 ms. S1 
and S8 VOT values were found to be 58 and 59, respectively; 
these two values are conformant with Lisker and Abramson’s 
study who found that the VOT mean value among American 
subjects as 58. They are also close to Cho and Ladefoged’s 
(1999) findings who found that the VOT value for the aspirat-
ed/p/is around 50 ms. Therefore, against the common hypoth-
esis that Arab learners have low VOT for the aspirated/p/; 
this study revealed that Arab learners do not have a problem 
in producing the/p/sound. Maybe an important factor which 
should be considered here is that the subjects are a master of 
English applied linguistics students; hence, they have great 
deal of command of the language and they might have prac-
ticed producing the English sounds well.

The VOT mean value, found by the researcher, is not so 
far from what was found in the literature among some native 
speakers. Although it is lower than the value found by Lisker 
and Abramson, it is conformant with Cho and Ladefoged’s 
(1999) findings. Moreover, Flege and Port (1981) found the 

VOT value for native American subjects to be 46 ms, which 
implies that some respondents’ VOT values are not far from 
the American VOT values. For example Peterson and Lehiste 
(1960) found that the VOT value for the/p/is 58. In sum, five 
subjects (i.e. S1, S2, S4, S6 and S7) out of 10 showed VOT 
values that are close to the findings of Lisker and Abramson 
(1964), while the other five subjects’ VOT values were lower 
than the VOT values of Lisker and Abramson. These find-
ings are not far from the findings of Khattab (2000) who 
found that the VOT value among bilinguals range from 40 
to 90 ms. To conclude, the Arab subjects in this study did not 
show a problem in producing the/p/sound.

VOT of the /t/
The mean VOT value for the/t/sound was found to be 44.5. This 
value is lower than the value found by Lisker and Abramson 
or Chao and Ladefoged. The/t/sound is highly aspirated with 
an assumed-VOT value of around 90. Figure 3 summarizes the 
VOT values found among the 10 subjects of the study.

As seen in Figure 3, the highest VOT value was that 
produced by S4, whose VOT value was found to be 80 ms. 
Similarly, S1 had a high VOT value of 62 ms. Strikingly low 
VOT values were found among S8, S9, and S10; their VOT 
values were found to be 20, 25, and 33 respectively. The mean 
VOT value for the/t/sound was found to be 44.5. This value 
is lower than the value established by Lisker and Abramson 
(70 ms). However, this value is close to its counterpart in 
Modern Standard Arabic (MSA), which was recorded by Al-
Dahri as (49). This may lead to an assumption that there is 

Figure 2. VOT values of the /p/ sound

Figure 3. The VOT values of the /t/ sound
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interference of the mother tongue. These findings are in line 
with the findings of Khattab (2000), who found that the VOT 
value for the/t/among bilinguals, ranged from 45 to 110. 
Surprisingly, the low VOT values correspond with the VOT 
values found among monolingual Arabic speakers, in which 
Khattab found the VOT values for the Arabic/t/sound ranged 
from 18 to 30 among monolingual speakers of Arabic. These 
findings suggest the Arab learners have low aspiration for 
the/t/sound, maybe due to interference of the mother tongue.

VOT of the /d/
The VOT mean value of the/d/sound was found to be 
32.9. This value is close to the value found by Lisker and 
Abramson. Figure 4 summarizes the VOT values of/d/found 
among the 10 subjects of the study.

As seen in Figure 4, the VOT values for most of the sub-
jects are close to Lisker and Abramson’s findings (30 ms.). 
The mean value of the VOT for/d/was found to be 32.9, 
while the standard deviation value was 34.93, which is close 
to the literature. There are some subjects who surprisingly 
showed long VOT values. For example, S3 has the highest 
VOT value (73 ms); then S6, whose VOT values was found 
to be 65; and S1 whose VOT was found to be 60 ms.

In relation to the mother tongue, the English voiced 
stop/d/exists in the Arabic language sound system but with 
a lower VOT value than the English stop VOT value. It may 
sound interesting that the VOT value of the/d/sound for S7 is 
almost the same VOT value of his Arabic dialect/t/value (Jor-
danian dialect), as found by AlDahri (2012). By contrast, his 
VOT value of the English/t/is almost the same of the standard 
Arabic VOT of the ت/t/(i.e. 49 ms.). It seems that he pro-
duces the/t/and/d/with the same aspiration, maybe this occurs 
due to the problem that many Arabic people pronounce/t/
and/d/interchangeably sometimes, with inclination to change 
the/t/to/d/. In sum, the Arab subjects did not show difficulty 
in producing the/d/sound/, and the interference of the moth-
er tongue was not seen among most subjects, as though the 
MSA VOT value of the د/d/sound is 14.75 (A-Dahri, 2012.), 
the subjects mostly did not follow the same pattern.

VOT of the /k/
The mean value of the VOT for the/k/sound is 59.2, which 
is below the value found by Lisker and Abramson. Figure 5 
summarizes the VOT values of/k/found among the 10 sub-
jects of the study.

As seen from the graph, and examining the VOT values 
for each subject, it was found that S4 had the highest VOT 
value for the/k/sound (93); S3 also had a VOT value of 90; 
S1 had a VOT value of 78; S2, S5 and S6 had VOT val-
ues which were 75, 67, and 69, respectively. All the subjects 
seem to have VOT values which are not so divergent from 
Lisker and Abramson’s findings, and in line with Khattab’s 
findings of the VOT values among bilinguals. By contrast, 
the VOT values for S7, S8, S9, and S10 were found as 30, 
32, 34,24, respectively; which are so divergent from the 
VOT values found in Lisker and Abramson’s study. By con-
trast, it was close to Khattab’s findings among bilinguals, 

whose VOT ranged from 50 to 100. These findings are also 
close to MSA counterpart, in which the VOT value s found 
by AlDahri (2012) as (52). Hence, it can be assumed that 
there might be interference of the mother tongue in produc-
ing this sound.

VOT of the /g/
The mean VOT value found among the subjects is 34.2, 
which is not conformant with Lisker and Abramson’s find-
ings (i.e. 18). The following graph summarizes the VOT val-
ues of/g/found among the 10 subjects of the study.

As seen in Figure 6, S3 and S9 had a VOT value of 98; 
while S1 had a VOT value of 40. By contrast, S7 had a 

Figure 4. VOT of /d/ sound

Figure 5. VOT of /k/

Figure 6. The VOT values of the /g/ sound
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negative VOT value of _46. These values are highly diver-
gent from Lisker and Abramson’s study, in which the VOT 
value for/g/was around 18 ms. So, it can be said that the 
VOT values are not in accordance with the literature and 
with Lisker and Abramson’s findings among native speakers. 
It is noteworthy to mention that this sound is not represented 
in the Arabic sound system, which might cause a difficulty 
in its pronunciation.

Comparison of VOT Values of Voiced and Voiceless 
Stops

A paired-samples t-test was conducted to compare the VOT 
values of the voiced and voiceless stops. The results were 
found as below:

Comparison of VOT values of /b/ and /p

The following Table 3 illustrates the statistical differences in 
values between/b/ and /p

As seen from the table above, p-value was at 0.015, 
which is statistically significant at p <.05. This indicates that 
the Arab subjects could differentiate between the aspirated 
voiceless/p/ and the unaspirated voiced/b/. These findings are 
in line with Flege and Port (1981), who found that although 
the VOT value of the /p/ sound was lower than American 
native speakers, the VOT values’ differences between the/p/
and/b/indicate that Arab subjects can differentiate in terms of 
voicing or aspiration between the two sounds (i.e. the voiced 
and the voiceless).

Comparison of VOT values of /t/ and /d

The following Table 4 illustrates the statistical differences in 
VOT values of /t/ and /d

As seen from the table above, p-value was at 0.22, which 
is statistically insignificant at p >.05. This indicates that Arab 
subjects could not differentiate between the aspirated voice-
less/t/and the unaspirated voiced/d/.

Comparison of VOT values of/k/and/g

The following Table 5 illustrates the statistical differences in 
values between/k/and/g/.

As seen from the table above, p-value was at 0.095, 
which is statistically insignificant at P-Value< 0.05. This in-
dicates that Arab the subjects could not differentiate between 
the aspirated voiceless/k/and the unaspirated voiced g/.

CONCLUSION

This study aimed at instrumentally analyzing the English 
stops produced by adult Arabic speakers who were English 
majors, and the effect of the mother tongue on producing 
the English stops. The findings of the study showed that the 
Arab subjects differentiated in terms of aspiration or voicing 
between/p/and/b/. However, they did not show significance 
difference between the/t/and/d/or between/k/and/g/. More-
over, there is a kind of limited effect of the L1 on produc-

ing some stops (e.g./t/ and /g/). However, for/b/ sound, we 
cannot infer that there is interference of the mother tongue 
because its VOT value is almost the same in English and 
Arabic. This study suggests that future studies to be con-
ducted on L2 learners with different disciplines. It is also 
suggested controlling for the different Arabic dialects as a 
variable; future studies can, also, compare the English stops 
produced by Arab speakers of English of different dialectal 
backgrounds.
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