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The current study is dedicated to measuring vowel temporal acoustics (duration, durational difference,
and durational ratio) in the medial position of mostly CVCVCV polysyllabic words in Arabic and Japanese,
avoiding the asymmetries in vowel position, syllable structure, and coda consonant quantity (singleton versus
geminate) observed in previous experiments. Twenty-nine (16 Arabic and 13 Japanese) participants were asked
to use a carrier sentence to produce 60 polysyllabic (mainly CVCVCV) items that contrasted in vowel quantity
(short versus long) and vowel quality (/a/, /i/, and /u/) at a normal speech rate. The results show that while
short and long vowels are durationally distinct within a language, Japanese vowels are clearly longer than
Arabic vowels, although the durational difference remains approximately the same between the two languages.
The durational ratio of short-to-long vowel presents a new pattern that contrasts with that reported in earlier
research. Specifically, Japanese long vowels in the medial position of polysyllabic words are twice as long as their
short counterparts, while Arabic long vowels are more than twice as long. This shows that both vowel position
and syllable structure must be considered when measuring vowel temporal acoustics or when structuring stimuli
for perception experiments.
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1. Introduction

It has been long documented that vowel tempo-
ral acoustics (i.e. duration) is phonemic in Semitic
languages such as Arabic, e.g. (Harris, 1942; Can-
tineau, 1956; Ferguson, 1957; Cowan, 1970; Al-
Ani, 1970; Mitleb, 1984a; Alghamdi, 1998; Amir
et al., 2012; 2014; Ammar et al., 2014; Kalaldeh,
2018; Almisreb et al., 2016). However, vowel dura-
tion across Arabic dialects such as Egyptian, Iraqi, Jor-
danian, Saudi, Libyan, Moroccan, Palestinian, Saudi,
Syrian, and Tunisian, as well as Modern Standard
Arabic (MSA), exhibit differences in vowel length
that have been measured and documented in var-
ious studies, e.g. (Ahmed, 2008; Alghamdi, 1998;
Almbark, Hellmuth, 2015; Al-Tamimi, Barkat-
Defradas, 2003; Kalaldeh, 2018; Hassan, 1981;
Kotby et al., 2011; Mitleb, 1984a; Saadah, 2011).
Measures of vowel duration from such studies have
been used to address various research questions in both
cross-language production and perception studies, e.g.

(Hong, Sarmah, 2009; Lababidi, Park, 2016). One
of the languages most frequently compared to Arabic is
Japanese (Tsukada, 2009; 2010; 2011a; 2011b; 2012a;
2012b; 2013; Aldholmi et al., 2021). This is likely due
to the presence of identical short-long vowels, namely
/a/, /i/, and /u/, in the phonological inventory of both
languages, which facilitates comparison and reduces
possible confounds.

Many of these studies share commonalities in their
methods and data analysis. Specifically, the stimuli of-
ten consist of mainly monosyllabic CVC words or non-
words, e.g. (Alghamdi, 1998; Tsukada, 2010; 2012b;
2013; Zaltz, Segal, 2022), with a few studies also in-
cluding CVCV or CVCVC items (Kotby et al., 2011;
Amir et al., 2012; Ammar et al., 2014). When vowel
duration was either an acoustic or perceptual factor of
comparison between Arabic dialects or between Ara-
bic and Japanese (as well as some other languages),
a discrepancy in the syllable structure (CVC versus
non-CVC) has been observed, e.g. (Tsukada, 2011b;
2012a). Concomitantly, a discrepancy in vowel posi-
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tion, e.g. (CVC versus CVCV) has also appeared in
some studies such as in (Ammar et al., 2014) who used
both CVCVCV and CVCVC with the first vowel being
the target in the former and the second vowel in the lat-
ter. Word-, phrase- and sentence-final vowels are prone
to shortening and lengthening in various ways. For in-
stance, for words in isolation, Japanese word-final vow-
els are lengthened by approximately 30% compared
to word-medial vowels (Sagisaka, 1984), whereas for
declarative sentences, sentence-final vowels get short-
ened in prepausal positions (Takeda et al., 1989).
Other studies have reported lengthening or shortening
effects on vowel duration in final position in Japanese
words and sentences, e.g. (Mori, Erickson, 2008), in-
dicating that despite the fact that Japanese is a mora-
timed language, vowel duration is subject to length-
ening and shortening depending on the type of ut-
terance (word versus sentence) and the vowel posi-
tion (medial versus final). Likewise, Arabic vowel du-
ration is influenced by several factors, e.g. (De Jong,
Zawaydeh, 2002) such as geminacy of the following
consonant (Aldubai, 2015; Ferrat, Guerti, 2017;
Hassan, 2002), as the two quantity-based phonemes
(singletons and geminates) frequently alternate word-
finally in monosyllabic Arabic CVC items in particu-
lar. Unfortunately, many studies that examined vowel
duration in Arabic used seemingly minimal CVC pairs
that did not only differ in vowel duration but in final
consonant duration as well. For example, in several
studies, e.g. (Tsukada, 2010; 2011a; 2011b; 2012a;
2012b; 2013) Tsukada used words like /riq/ “slavery”
versus /ri:q/ “salvia”, /sin/ “tooth” versus /si:n/ “the
Arabic letter S”, /zir/ “button” versus /zi:r/ “large jar”,
/èur/ “free” versus /èu:r/ “beautiful women”, which in-
volve a final geminate in the first member of each pair,
where the vowel is short (short vowel + long conso-
nant), and a final singleton in the second member of
each pair, where the vowel is long (long vowel + short
consonant). That is, all short vowel items have the
structure of CVCC while the long vowel items have the
structure of CVVC, visually indicated in (Tsukada,
2012b) by an additional consonant placed between two
parentheses as in /riq(q)/ “slavery”, /zir(r)/ “button”,
and /èur(r)/ “free”.

Thus, there are four potential methodological con-
cerns. First, comparison between vowels in differ-
ent positions such as CVCVC versus CVCVC as in
(Ammar et al., 2014) is not ideal. Second, inconsis-
tency in the number of syllables in the stimuli puts
some vowels in CVC structure and others in CVCV
or CVCVCVC structure as in (Kotby et al., 2011).
Third, short vowels in these studies occurred pre-
geminately, which makes them less comparable to their
long counterparts that occurred before singletons since
geminacy has been shown to affect the preceding vowel,
e.g. (Kawahara, 2015). For instance, Aldubai (2015)
demonstrated that vowels that precede geminates tend

to be shorter in Yemini Arabic. Fourth, the use of
CVC in one language and CVCV in another, as in
several studies comparing Arabic dialects or Arabic to
Japanese and other languages, was not ideal.

Hence, the current study seeks to answer two re-
search questions while avoiding all such abovemen-
tioned concerns: 1) What are the temporal acoustics
of medial short versus long vowels in Arabic versus
Japanese polysyllabic words?, 2) How are they simi-
lar or dissimilar to those of non-medial vowels found
in previous experiments? The present study differs
from previous ones in that it examines the temporal
acoustics (mainly the duration) of the medial (rather
than the first or final) vowel in Arabic and Japanese,
using polysyllabic words with no peripheral gemina-
tion, which were either not used or used jointly with
monosyllabic words in some previous studies leading
to a methodological asymmetry. If the methodological
issues outlined above had any impact on the conclu-
sions drawn from previous studies, we should expect
our results to diverge from those previously reported.
In addition to vowel duration, this study also reports
on durational difference and sheds some light on the
durational ratio of short-to-long vowels in both lan-
guages, as these two metrics have been occasionally
referred to in some of the aforementioned studies.

2. Vowel temporal acoustics in Arabic:
Experiment 1

The aim of the first experiment is to establish
a baseline for duration and durational difference of
short versus long Arabic vowels in medial position
of polysyllabic words, a non-peripheral position that
has been largely overlooked in the literature. Fifteen
male and female native speakers of Arabic partici-
pated in this experiment. Each was instructed to pro-
duce a list of 60 selected Arabic CVCVCV versus
CVCV:CV word pairs, for example /naba:ta/ “grew”
versus /naba:tu/ “plant”, at a normal speech rate.
More details are provided below.

2.1. Methodology

Sixty MSA CVCVCV words, of which 48 items were
adopted with slight modification from (Aldholmi
et al., 2021), were used as stimuli in this experiment.
The items contrast in vowel quantity (short versus
long) and vowel quality (/a/, /u/, /i/) in the sec-
ond syllable. As outlined above, although several previ-
ous studies examining contrasts in Arabic vowel length
used monosyllabic (CVC versus CV:C) items, the de-
cision here was to use a polysyllabic (CVCVCV versus
CVCV:CV) structure instead. We targeted and var-
ied the second vowel in each item in both experiments
reported in this study. The target vowels are neigh-
bored mostly by obstruents that vary in terms of voic-
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ing and place of articulation, although several studies
have shown that voicing does not trigger lengthening in
Arabic, see e.g. (Flege, Port, 1981; Mitleb, 1984b).
Adjacent geminates were intentionally avoided for the
reasons explained above.

Sixteen native speakers of Najdi Arabic (9 males
and 7 females) participated in this experiment. All
of the participants were undergraduate students (age,
M = 23.4, SD = 2.1) at King Saud University (KSU)
pursuing a Bachelor’s degree in Arabic language and
literature. Each participant was met in a quiet room on
campus and asked to produce the stimuli at a normal
speech rate using the carrier sentence /qultu/ “I said”,
as many previous studies have done, e.g. (De Jong,
Zawaydeh, 2002). The participants were first given
three minimal pairs, which were excluded from the ac-
tual experiment, to practice before they recorded the
target stimuli. They were asked to listen to the first
sentence they recorded from each condition (i.e. both
in terms of vowel duration and vowel type) and use it as
a model, an attempt to reduce the possible effect of any
speech rate variations. The stimuli were recorded at
44 100 kHz, using Praat (Boersma, Weenink, 2022).
All participants were asked to provide demographic in-
formation including gender and language details such
as second language skills and potential language im-
pairments. None of them reported extensive experience
with Japanese or a history of hearing or speaking dis-
orders or impairment.

2.2. Results and discussion

As shown in Fig. 1, Arabic long vowels are clearly
longer than their short counterparts (M = 164, SD = 19
versus M = 62, SD = 15, respectively). Figure 2 pro-
vides further details for the difference between short
and long vowels for each vowel type. Although the du-
rations are generally similar, the low vowel /a/ ap-
pears to be longer than the other two. A repeated
measures ANOVA was performed to test the differ-
ence between the two conditions for the two variables
(length and type), and the result indicates that the
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Fig. 1. Medial vowel duration in Arabic polysyllabic words,
broken down by vowel quantity.
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Fig. 2. Medial vowel duration in Arabic polysyllabic words,
broken down by vowel quantity and quality.

difference is statistically significant for vowel length,
F (1,15) = 2455, p < 0.01, ω2 = 0.92, and for vowel
type, F (1,15) = 2118, p < 0.02, ω2 = 0.39, but the
interaction between the two variables was not statisti-
cally significant.

After looking at each category (short versus long)
individually, the durational difference was calculated
by subtracting the duration of the short vowel from
that of the long vowel in each (nearly) minimal pair
for each participant, M = 102, SD = 15 (see Fig. 3).
This difference is relatively smaller than the differ-
ence that can be calculated from the averaged short
vowel duration (93 ms) and averaged long vowel du-
ration (209 ms) documented in (Tsukada, 2013),
209 − 93 = 116. Note the marginally different method
used to calculate the durational difference in our ex-
periment as compared to that using duration means re-
ported in (Tsukada, 2013). The durational difference
in the current experiment was calculated by obtain-
ing the durational difference for each of the two data
points in a near minimal pair and then obtaining the
mean of the durational differences. We have no access
to the actual data from (Tsukada, 2013), but the two
methods should lead to roughly the same values.

Table 1. Medial vowel duration and durational difference in
Arabic polysyllabic words, broken down by vowel quantity.

Duration
Difference Short Long

Mean 102 62 164
SD 15 15 19

Figure 3 and Table 2 depict durational differences
for the three vowel types (/a-a:/, /u-u:/, /i-i:/). These
show a similar pattern, with /a/ having a slightly
larger mean, M = 105 (SD = 16), M = 100 (SD = 16),
and M = 101 (SD = 15), respectively. A repeated mea-
sures ANOVA test was performed to test for the mean
differences among the three vowels, the results of which
show that the durational differences differed signifi-
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Table 2. Medial vowel duration and durational difference in Arabic polysyllabic words, broken down
by vowel quantity and quality.

Duration
Vowel quality Difference Short Long

/a-a:/ /u-u:/ /i-i:/ /a/ /u/ /i/ /a:/ /u:/ /i:/
Mean 105 101 101 63 64 60 168 164 161
SD 17 15 15 15 15 15 21 18 18
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Fig. 3. Medial vowel durational difference in Arabic poly-
syllabic words, broken down by vowel quantity and quality.

cantly across the three vowels (sphericity assumed,
p = 0.286), F (2,15) = 9.85, p < 0.001, ω2 = 0.20. A pair-
wise comparison revealed that the difference lies be-
tween /a-a:/ and /u-u:/, p < 0.001, and between /a-a:/
and /i-i:/, p < 0.003, but not between /i-i:/ and /u-u:/,
p = 0.628. This pattern is similar to that in (Tsukada,
2013). Although the author did not provide the aver-
age length for each vowel numerically, visual inspec-
tion of Fig. 1 – Panel A (p. 190) can inform us that
the vowel /a-a:/ tends to be longer than the other two
vowels. The difference between the low vowel /a-a:/
and high vowels /i-i:/ and /u-u:/ in terms of duration
has been long noted not only in Arabic, e.g. (Mitleb,
1984b) but also in other languages such as English,
e.g. (Klatt, 1976); universally, high vowels tend to be
shorter than low vowels, a phenomenon referred to as
“intrinsic vowel duration” (Maddieson et al., 1996,
p. 163). Different explanations have been offered, some
of which are mechanically based while others are neu-
rally based, or a combination of both, see, e.g. (Smith
(1987) for an overview). However, this is beyond the
scope of the current work.

The ratio of short to long vowel durations for
MSA in the current study is roughly 0.38, which
is relatively smaller than that (≈ 0.50) reported for
Iraqi Arabic in (Al-Ani, 1970), for Kfar Kassem/Kfar
Barra/Jaljulia dialects in Isreal (in which long vowels
are twice long as short ones) in (Amir et al., 2012),
and for the Saudi dialect (calculated for three vowels
as M = 0.44) in (Alghamdi, 1998), and noticeably
smaller than that (= 0.65) reported for Jordanian Ara-
bic in (Mitleb, 1984a). However, the durational dif-

ference ratio obtained here is similar to the ratio that
can be calculated from the short versus long duration
means reported in (Saddah, 2011) for Palestinian Ara-
bic (0.39). Short and long vowel durations (and hence
sometimes durational differences) clearly vary across
dialects (Tsukada, 2012b), but the average ranges be-
tween 0.39 and 0.45 (although Jordanian has a ratio
of 0.65), regardless of whether such values are literally
reported in previous studies or can be calculated from
the short and long vowel durations they documented.
Short-long durations in MSA (produced by Jordani-
ans) have been found to be similar to those in Pales-
tinian Arabic as reported in (Saddah, 2011). Specifi-
cally, Kalaldeh (2018) found that MSA long vowels
are more than twice the duration of MSA short vo-
wels, and suggested that acoustic properties of Jor-
danian Arabic, a dialect that shares many phonetic
features with Palestinian Arabic, have been carried
over to MSA, causing the vowel duration in Jordanian
MSA to resemble that of Palestinian Arabic.

3. Vowel temporal acoustics in Japanese:
Experiment 2

Experiment 1 was conducted to investigate the
temporal acoustics of short-long medial vowels (prima-
rily, vowel duration, and secondarily, durational differ-
ences) in Arabic polysyllabic words. As stated before,
Arabic shares three similar short-long vowels with Ja-
panese. Therefore, Experiment 2 was conducted with
the purpose of examining the temporal acoustics (du-
ration and durational differences) of the same three
short versus long medial vowels in Japanese polysyl-
labic words.

3.1. Methodology

As in Experiment 1, 60 items were selected for
this experiment, all of which were adopted from an
online pilot study that is not reported in this work.
Similar to the stimuli in Experiment 1, most of the
items were near minimal pairs with a CVCVCV ver-
sus CVCV:CV polysyllabic structure, but a few items
had a coda (CVCVCVC versus CVCVCV:C) and even
fewer had an additional CV syllable (CVCVCVCV).
This was necessary to come up with enough items that
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are as close as possible to the Arabic items in Experi-
ment 1 in terms of being (nearly) minimal pairs and
containing different types of consonants surrounding
the target vowels. Thirteen native speakers of Japanese
(6 males and 7 females) living in Tokyo produced the
Japanese items, adhering to the same instructions and
performing the same task as in Experiment 1. They
were instructed to record the 60 words, for example
/kaguru/ “go through” versus /kagu:-ru/ “cagoule hat”,
using the carrier phrase /wataSi wa itta/ (in broad
transcription) “I said”. As in Experiment 1, they were
asked to self-report demographic information to con-
firm that none of them speaks Arabic, with the ex-
ception of one female who stated that she can utter
a very limited number of words that frequently appear
in the media such as /salaam/. None had any issues
with hearing or speaking.

3.2. Results and discussion

Figure 4 shows that Japanese long and short vowels
differ in duration (M = 205, SD = 44 versus M = 103,
SD = 31, respectively). A repeated measures ANOVA
was performed to test the difference between the two
conditions (short and long), which turned out to be
statistically significant, F (1,12) = 414.90, p < 0.01,
ω2 = 0.97. Figure 5 also shows the differences be-
tween short and long vowels but with details regard-
ing vowel quality. The differences between the three
types of vowel quality are also statistically significant,
F (1,12) = 13.75, p < 0.01, ω2 = 0.53, but the inter-
action between the two variables was not statistically
significant.
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Fig. 4. Medial vowel duration in Japanese polysyllabic
words, broken down by vowel quantity and quality.

Table 4. Medial vowel duration and durational difference in Japanese polysyllabic words, broken down
by vowel quantity and quality.

Duration
Vowel quality Difference Short Long

/a-a:/ /u-u:/ /i-i:/ /a/ /u/ /i/ /a:/ /u:/ /i:/
Mean 107 103 96 112 96 99 220 199 195
SD 13 18 14 29 31 29 40 43 44
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Fig. 5. Medial vowel durational difference in Japanese poly-
syllabic words, broken down by vowel quantity and quality.

Durational difference was calculated following the
same procedure in Experiment 1 to find a durational
difference of M = 102, SD = 16. Table 3 compares the
means and SDs for short vowels, long vowels, and du-
rational differences. As shown in Fig. 6 and Table 4,
the durational differences for the first two vowel types
show similar values (/a-a:/, /u-u:/, M = 107 (SD = 13),
M = 103 (SD = 18)) with a slightly different value for

Table 3. Medial vowel duration and durational difference in
Japanese polysyllabic words, broken down by vowel quan-

tity.

Duration
Difference Short Long

Mean 102 103 205
SD 16 31 44
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Fig. 6. Medial vowel durational difference in Japanese poly-
syllabic words, broken down by vowel quantity and quality.
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the third type (/i-i:/, M = 96 (SD = 14)). A re-
peated measures ANOVA shows that the durational
differences varied significantly across the three vowels,
F (2,12) = 22.25, p < 0.001, ω2 = 0.63. A pairwise
comparison reveals that the difference lies between
/a-a:/ and /i-i:/, p < 0.001, between /a-a:/ and /i-i:/,
p < 0.013, and between /a-a:/ and /u-u:/, p < 0.01.

In general, the front vowel /i/ (both short and long)
is the shortest among the three vowels, and the dura-
tional difference between the short version and its long
counterpart is the smallest among the three durational
differences. The overall difference is relatively larger
than the difference that can be calculated from the
averaged short vowel duration (120 ms) and averaged
long vowel duration (252 ms) reported in (Tsukada,
2013), 252 − 120 = 132. The durational ratio, which
is roughly 0.50 in the current study, is also larger
than that reported in previous studies, e.g. (Tsukada
2012a), a difference that will be discussed further later.

4. Overall comparison and discussion

Table 5 compares the main findings from the two
experiments. This facilitates observation that short
and long vowels are durationally different in both lan-
guages, a finding that has been well established in pre-
vious research, and that short and long vowels in Ja-
panese have longer durations than those in Arabic.
A repeated measures ANOVA test was performed to
examine the effect of vowel quantity (short versus long)
as a within-subject variable and the effect of language
(Arabic versus Japanese) as a between-subject variable
on duration. The test shows evidence that there is
a statistically significant difference between short and
long vowels, F (1,27) = 1310.70, p < 0.001, ω2 = 0.98,
and between Arabic and Japanese, F (1,27) = 67.33,
p < 0.001, ω2 = 0.71. The test also shows a statistically
significant interaction between vowel quantity and lan-
guage, F (1,27) = 16.68, p < 0.001, ω2 = 0.37. This in-
teraction means that the difference between short and
long vowels is not independent from the difference be-
tween Arabic and Japanese, or vice versa.

Table 5. Comparison between short versus long medial vo-
wel duration in Arabic versus Japanese polysyllabic words.

Duration
Short Long

Arabic Japanese Arabic Japanese
Mean 62 103 164 205
SD 15 31 19 44

Durational difference is strikingly identical in Ara-
bic (precisely 101.8 rounded to 102) and Japanese
(precisely 102.02 rounded to 102) (Table 6). Perfor-
ming a repeated measures ANOVA test with language
as a between-subjects variable finds no statistically sig-

Table 6. Comparison between short versus long medial vo-
wel durational differences in Arabic versus Japanese poly-

syllabic words.

Durational difference
Arabic Japanese

Mean 102 102
SD 15 16

nificant difference between the durational difference
in Arabic and Japanese, F (1,27) = 0.003, p = 0.96,
ω2 = 0.00.

The individual and combined findings from both
experiments reveal several important points. First, de-
spite the fact that the durations of short and long vo-
wels in Arabic and in Japanese are distinct, durational
difference does not seem to be a sufficient parame-
ter to compare vowel duration in the two languages.
The durational difference of Arabic is roughly dou-
ble the value of 45 ms reported in (Mitleb, 1984a),
but the durations he reported are not much larger or
smaller than the ones we observe in the current study.
Furthermore, the mean durations of short and long
vowels in his study are 83 ms and 128 ms, respec-
tively, (compared to 62 ms and 164 ms, respectively
in the current study), which means that long vowels
are longer by nearly 22% and short vowels are shorter
by 25% in the current study as compared to the long
and short vowels in (Mitleb, 1984a). The durational
ratio we obtained above is relatively similar to the ra-
tio we can calculate from (Tsukada, 2011b), which
would be 117 ms (216–99 ms), but smaller than that
can be calculated from (Alghamdi, 1998) for Saudi
speakers, which would be nearly 147 ms (265–118 ms).
As for Japanese, we can calculate the durational differ-
ence from (Tsukada, 2011b) as 101 ms (173–72 ms),
which is extremely similar to the value reported in the
present experiment. Our values for both short and long
Japanese vowels are notably larger than those reported
in (Tsukada, 2011b), yet the durational ratio is on
the edge of being identical. In fact, regardless of the
methodological differences that could have led to this
discrepancy in values between the current study and
those studies, our findings indicate that the durational
difference could be an unreliable measure of vowel du-
ration patterns, an observation which deserves its own
future study.

Second, although the overall patterns of durations
in both languages appear to be consistent with the
patterns documented in similar studies, durational ra-
tio is not. Specifically, short vowels consistently ex-
hibit smaller duration values than long vowels and
Japanese long vowels are generally longer than Ara-
bic vowels. However, Japanese long vowels tend to be
as twice as their short counterparts, while Arabic long
vowels tend to have more than double the duration
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of their short counterparts. This particular aspect of
the findings clearly contrasts with previous findings re-
porting the reverse, either based on their own data or
on data borrowed from other studies, e.g. (Hirata,
2004; Tsukada, 2012a), in which durational ratio is
reported as around 0.50 for Arabic and around 0.40
for Japanese, with different variations, of course. The
current durational ratio is roughly 0.39 for Arabic and
0.50 for Japanese, a discrepancy that might be at-
tributed to a major difference in the methodology used
in the current study in comparison to previous studies.
Some partial support comes from previous studies that
share methodological facets. For example, Kalaldeh
(2018) used both monosyllabic and polysyllabic MSA
words for her stimuli and reported, for some vowels
such as /u-u:/, durations that show a short-long dura-
tional ratio that is as low as 0.33. Similarly, Kotby
et al. (2011) measured vowel durations of Cairene
monosyllabic and polysyllabic words commonly used
in MSA and reported measures that result in disparate
durational ratios, some of which are as small as 0.32.
For instance, they used CVC versus CV:C words for
the vowel /i-i:/ and reported 133 ms for the short
version and 242 ms for the long counterpart, which
produces a durational ratio of roughly 0.55. However,
for the /u-u:/ contrast, they used CV:CV for the long
version and CVCVCVC for the short version with the
second vowel being the target in both, and reported
265 ms and 86 ms, respectively. These two values will
yield a durational ratio that is as low as 0.32. The du-
rational ratio in Japanese has been reported in some
studies with values that were approximate to those in
Arabic. For example, Tsukada (2013) used monosyl-
labic Japanese words for her perception study stimuli
and reported a mean of 252 ms for long vowels and
a mean of 120 ms for short vowels to yield a dura-
tional ratio of 0.48. In the same studies, the durational
ratio for the Arabic monosyllabic words used for the
stimuli can be calculated from the short and long dura-
tions (93 ms and 209 ms, respectively) as 0.45, which is
not that distant from the calculated ratio for Japanese
stimuli. The Japanese durational ratio is larger than
the Arabic durational ratio in her study, albeit with
a small difference, which matches the pattern found in
the current study. Nevertheless, in a previous study by
Tsukada (2012a) in which Japanese disyllabic words
and Arabic monosyllabic words were used, the dura-
tional ratios for the two languages were documented
as 0.42 and 0.45, respectively. All this draws our atten-
tion to the potential impact of vowel position and syl-
lable structure on temporal acoustics, including vowel
duration, durational ratio, and durational difference.

Third, among the three types of vowel quality (be
they short or long), the low vowel /a/ tends to be the
longest while the high front vowel /i/ tends to be
the shortest, in line with many previous findings. For
instance, Ammar et al. (2014) present a graph show-

ing that the vowel /i-i:/ appears to have the small-
est duration value for Tunisian (≈ 40 ms for short and
80 ms for long) and for Moroccan (≈ 50 ms for short
and 100 ms for long), compared to the vowel /a-a:/,
which clearly appears to have a larger duration value
(than the front vowel) for Tunisian (≈ 60 ms for short
and 100 ms for long) and for Moroccan (≈ 70 ms for
short and 120 for long). The vowel /u-u:/ appears quite
similar to the vowel /a-a:/, and inspection of the vi-
sual illustration cannot allow us to determine if there
is a difference between the two vowels. Other findings
such as those from (Alghamdi, 1998) for Saudi speak-
ers, (Mitleb, 1984a) for Jordanian speakers, (Ahmed,
2008) for Libyan speakers, (Saadah, 2011) for Pales-
tinian speakers, (Amir et al., 2014) for Colloquial Ara-
bic in Israel, and (Amir et al., 2012) for Hebrew have
shown a similar pattern. This is a phonetic universal
known as “intrinsic vowel duration”, which states that
higher vowels tend to be longer than lower vowels and
has been studied and explained in different languages,
e.g. (Maddieson et al., 1996).

Thus, our results from both experiments provide
a collective answer to the two research questions posed
in this study, which can be briefly stated as follows.
Medial vowels of polysyllabic words are durationally
distinct in both languages, which aligns with reports
from previous studies that focused on word-peripheral
vowels or used monosyllabic words for their stimuli.
This finding shows that medial position does not in-
troduce any changes to the phonemic status of short
versus long vowels in either language. However, the de-
tailed temporal acoustic values (i.e. measurements of
duration, durational difference, and durational ratio)
of medial vowels exhibit patterns that are (at least
partially) dissimilar to those in previous studies. We
interpret this finding as evidence that results from non
medial vowels (e.g. vowels in CVC monosyllabic words
or peripheral vowels in polysyllabic words) may have
been influenced by factors such as stress or even hy-
perarticulation and syllable structure (including coda
geminacy), as will be briefly discussed below. These
potential explanatory factors were the focus of the cur-
rent study.

It has long been documented that, although stress
is not phonemic in Arabic (Abdo 1969; Brame,
1971), Arabic per se is classified as a stress-timed lan-
guage (Abercrombie, 1967; Roach, 1982), whereas
Japanese is categorized as a mora-timed language
(Dauer, 1983). Most stress studies have addressed di-
alectal Arabic rather than MSA, but those studies fo-
cusing on MSA, e.g. (Inaba, 1998) show that Arabic
can have a light (e.g. CV), heavy (e.g. CVC), or super-
heavy (e.g. CVCC or CV:C) syllable, and that stress
assignment is dependent on the type and number of
syllables. The rules that govern stress in MSA are ex-
tremely complex, especially because MSA is sometimes
influenced by the speaker’s dialectal background, but



326 Archives of Acoustics – Volume 47, Number 3, 2022

for illustrative purposes, consider the following stim-
uli items from both previous studies and the current
study. In several studies by Tsukada, e.g. (Tsukada,
2011b; 2013), words such as /ruè/ “go” and /summ/
“poison” were used to examine the temporal acoustics
of short vowels. The former contains a heavy sylla-
ble (CVC), and the latter contains a superheavy syl-
lable (CVCC), whereas their long vowel counterparts
/ru:è/ “soul/spirit” and /su:m/ “negotiate the price”
only contain a superheavy (CV:C) syllable. Some other
superheavy syllable items such as /da:m/ “remained”
and /Sa:bb/ “young man” differ in the coda conso-
nant in terms of gemination, another issue that will
be visited shortly. Stress falls on the ultimate syllable
for monosyllabic words, on the penultimate syllable for
disyllabic words, and on the antepenultimate syllable
for polysyllabic words if the penultimate syllable is
light, see (Halpern, 2009, for stress rules in MSA).
These rules mean that all words in (Tsukada, 2011b)
and other studies that used the same or similar stimuli
were stressed. In contrast, words with disyllabic struc-
ture such as CVCV versus polysyllabic structure such
as CVCVCVC as in Ammar et al. (2014) and Kotby
et al. (2011) will have asymmetric stress assignments.
Some studies, e.g. (Amir et al., 2014; Kalaldeh,
2018), have emphasized that they exclusively measured
stressed syllables even though their stimuli included
a combination of monosyllabic, disyllabic, and polysyl-
labic words. Importantly, the CVCVCV Arabic short
vowel items (e.g. /nabata/ “grew up”) in the current
study stress the antepenultimate (but not the penulti-
mate) syllable which does not contain the target vowel
here. Vowels occurring in stressed syllables are longer
than those occurring in unstressed syllables in Arabic,
on average, by 25%, e.g. (De Jong, Zawaydeh, 2002).

Long vowels appearing in unstressed syllables un-
dergo another phonological process in Arabic, neutra-
lization, in which long vowels are completely neutrali-
zed or at least uttered as half-long vowels (Halpern,
2009). For example, a word such as /maSa:hi:r/ “cele-
brities” will retain the full long vowel in the final syl-
lable because it is stressed but will likely neutralize
the vowel in the medial position. However, this type of
syllable structure was deliberately avoided in the con-
struction of the current stimuli because its use would
not have allowed an appropriate distinction between
short and long vowels in the medial position. Nonethe-
less, the target long vowels in the present study appear
in stressed syllables as they normally do, which may
account for the new pattern in the durational ratio, in
which Arabic long vowels are more than twice as long.
Japanese, in contrast, utilizes moras and feet (corre-
sponding to syllables and to higher metrical units, re-
spectively) (Inaba, 1998), and words can be either
accented or unaccented (Cutler, Otake, 1999; Hi-
rata, 2004). Accented words have one mora that car-
ries the accent and is marked with H, while unaccented

moras are marked with L. Bimoraic CVCV words such
as those in (Tsukada, 2011b) and several other exper-
iments follow the pattern HL, which means that the
first mora is accented. Most of the items in the cur-
rent study are three-mora words, which means that,
for the accented words, the second mora bearing the
medial vowel is unaccented, HLL. The durational ratio
obtained in Experiment 2 could be related to the dif-
ference in the number of moras and accent assignment
between the present work and previous studies. Over-
all, vowel position is critical for temporal acoustics,
whether we compare short and long vowel durations
(as well as durational differences and durational ratio)
within- or cross-language.

One remaining factor is geminacy. There is a large
body of research on the interplay between the duration
of the final geminate and that of the preceding vowel,
e.g. (Aldubai, 2015; Ferrat, Guerti, 2017; Has-
san, 2002). There is also a debate on whether the word-
final singleton versus geminate contrast is preserved
in Arabic. For instance, Helpern (2009) has claimed
that word-final geminates are often neutralized, which
may be the case with some (especially dialectal) Ara-
bic variations, but Frej (2021) has provided empiri-
cal evidence that final gemination is maintained both
articulatorily and acoustically by MSA speakers with
Moroccan and Lebanese backgrounds. He also found
that Moroccan and Lebanese speakers tend to shorten
pregeminate vowels, but this result was not robust.
Notwithstanding, an ideal study should consider gemi-
nacy as a factor in its design. Geminacy frequently oc-
curs word-finally in Arabic and in monosyllabic words
in particular, but unlike our stimuli, many previous
studies have mixed words with final singletons and oth-
ers with final geminates. Such an approach is probably
one of the factors that yield a difference in the temporal
acoustics of medial vowels in this study and non-medial
vowels in previous studies.

5. Conclusion

This paper investigates whether experimental design
related facets such as vowel position syllable structure
(including stress and geminacy) will affect, or have af-
fected in previous studies, measures of temporal acous-
tics (including vowel duration, durational difference,
and durational ratio). As way to resolve these po-
tential issues, the current study measured vowel tem-
poral acoustics in the medial position of polysyllabic
words in two languages that have been frequently
compared in previous studies: Arabic and Japanese.
In general, the overall findings in the present study
are mainly compatible with patterns found in pre-
vious studies using monosyllabic structure items or
mixed monosyllabic and polysyllabic structure words.
Short vowels are clearly longer than their long counter-
parts in both languages. However, the actual durations
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of both short and long medial vowels exhibit divergent
values from those reported in previous studies. The du-
rational ratio shows a new output that makes the rela-
tionship between short and long vowels in Arabic and
Japanese clearly different from that established in rele-
vant studies. That is, the Arabic long vowels in medial
positions of polysyllabic words are no longer as twice
as their short counterparts, nor are the Japanese long
vowels more than twice as long as their short coun-
terparts in the medial position of polysyllabic words.
Thus, one can recommend that both vowel position
and item structure (including syllable stress and gemi-
nacy) be taken into consideration when constructing
stimuli to investigate vowel duration; otherwise, dura-
tions of short-long vowels in a particular position may
not represent well the duration of the vowels in other
positions. One additional outcome of this study is the
observation that, although new patterns observed in
the current findings can be attributed to the factors
discussed above, durational difference does not seem to
be a good metric for describing vowel duration. There-
fore, future research to examine durational difference
as a questionable duration metric is recommended. Fi-
nally, a comparison between the temporal acoustics
of a variety of Arabic and that of another variety or
even another language such as Japanese is inherently
complex and involves numerous factors that must be
carefully considered, such as vowel position, number
of syllables or moras, stress versus accent assignment,
neutralization, and geminacy.
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