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Abstract

This experiment investigated how Arabic speakers perceive
synthetic Standard Arabic speech rate produced by Google
TTS, at normal vs. accelerated rates. Twenty syntactically
identical Standard Arabic sentences with a similar length (M=
22 syllables per sentence, SD= 1) were auditorily presented in
a female voice to thirty female participants who were instructed
to rate the tempo of the normal (M= 4.5 syllable per second) and
accelerated (by 10%, 20%, and 30%) stimuli on a 1-7 Likert
scale (1= extremely slow, 4= normal, 7= extremely fast). The
results show that differences in the four-condition synthetic
speech rates were reflected in the ratings provided by the
participants: the more the speech was accelerated, the higher
rating it received. More importantly, the findings support the
observation that the current normal speech rate of Google TTS
synthetic speech is not perceived as normal by Arabic speakers,
but rather is perceived as slow. This may negatively affect the
likelihood that users are comfortable using this technology.
Hence, the outcome of this study does not only call for further
investigation into Standard Arabic synthetic speech rates, but
also reveals the need to define a baseline for a natural speech
rate in Arabic.

Index Terms: synthesized speech, perception, Standard
Arabic, speech rate

1. Introduction

Synthetic speech research has maintained a focus on
intelligibility, comprehensibility, and perception, chiefly in
relation to one (or a combination of more than one) factors
including environmental conditions like noise [e.g., 1], context
[e.g., 2, 3], age [e.g., 4], (non)nativeness [e.g., 5, 6, 7], speech
disorders and/or hearing impairment [8, 9], blindness [10],
experience/ exposure and/or training [e.g., 11, 12], and speech
rate [e.g., 13]. This last factor (namely, speech rate of synthetic
speech) in particular has been further explored in different
dimensions, mainly with other relevant factors such as age and
nativeness. For instance, Higginbotham et al. [13]
experimented with synthetic speech rate and showed that a
slower speech rate resulted in better comprehensibility. Sutton
et al. [14] investigated young and adult listeners’ speech rate
preferences for synthetic speech and found that both age groups
are comfortable with a 150 to 200 word-per-minute (wWpm)
speech rate. Von Berg et al. [15] examined children and adults’
perception of the speech rate of synthetic speech and discovered
that adults prefer the speech rate to be faster at an average of
157 wpm, while children prefer it to be slower at a mean of 127
wpm. [16] examined the effect of the speech rate of text-to-
speech recordings of a description of banking products on
native and non-native speakers’ comprehension of synthetic
speech and found that accelerated speech resulted in lowered
comprehension for both native and non-native listeners. More
recently, Christenson [17] found that slowing down the speech
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rate of digital assistants did not have a substantial impact on
intelligibility, but rather on the likelihood that users would want
to utilize such technology.

One can posit four observations pertinent to the existing
research on synthetic speech rate. First, a large body of the
research on perception of synthetic speech rate is devoted to
languages other than Standard Arabic, which severely lacks
similar studies. Second, the normal rate of natural speech in the
languages that have received such attention, unlike in Arabic,
has been well explored and established, allowing for
comparisons with that of synthetic speech; Arabic lacks this
baseline. Third, stimuli acceleration or deceleration in most of
these studies were either not documented in great detail or
experimentally and linguistically uncontrolled. Specifically,
since speech rate is a complex phenomenon that involves both
linguistic and extralinguistic factors, the stimuli used for the
perception experiments must factor out (and report on) potential
variables such as sentence length, syntactic structure, and
pauses that could influence perception of speech rate. Fourth,
the unit of measure in such studies, namely words-per-minute,
is not a precise measure. Many recent studies on speech rate
have recruited syllable or segment/mora per second to measure
speech rate [e.g., 18, 19, 20, 21].

Hence, in the current study, we seek to investigate the
perceived synthetic speech rate of Standard Arabic, the variety
of Arabic used in most (if not all known) digital assistants,
virtual agents, and text-to-speech technologies and recently (as
of July 2020) supported by the Google Text-to-Speech app. We
utilize stimuli that have undergone a highly laboratorial control
in terms of length, structure, prosody, and recording, recruiting
single-gender (female) participants similar in age, educational
background, and dialectal Arabic variety (Najdi). The study
will address two overarching questions: Is the Standard Arabic
synthetic speech rate (using Google Text-to-Speech “TTS” as
an exemplar) perceived as normal by native speakers of
Arabic? If not, what rate is perceived as normal? We
hypothesize that current technology is perceived as slower than
normal and that a minimum acceleration of 10% will be
necessary for users to perceive the rate of current synthetic
speech technologies as normal.

2. Methodology

2.1 Stimuli construction and recording

Twenty thematically-diverse Standard Arabic sentences were
carefully constructed to be identical in syntactic structure in an
attempt to avoid the impact of structural and prosodic
disparities on perceived speech rate. All sentences were
identically eight words in length, with a syllable rate of M= 22,
and SD= 1 (note that length is measured in syllables per
sentence). Each sentence was initially produced through the
medium of Google TTS with a female voice as the normal rate
(M= 4.5). The sentences were then accelerated (Acc) by 10%
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three times to form four levels of speech rate: normal, 10% Acc,
20% Acc, and 30% Acc. The acceleration process was
conducted using the PSOLA (Pitch-Synchronous Overlap-and-
Add) feature in Praat [22], which allows for manipulation of the
duration of speech while maintaining its original pitch. Table 1
below shows the speech rate for the four conditions.

Table 1: Mean speech rate in all conditions.

Condition Mean speech rate (rounded)
Normal 4.5 syllables per second
10% Acc 5.0 syllables per second
20% Acc 5.5 syllables per second
30% Acc 6.0 syllables per second

2.2 Participants, task, and procedure

Thirty Arabic-speaking raters of a similar age (range= 21-25,
M= 227, SD= 2.68) volunteered to participate in this study. In
order to rule out any bias or influence due to gender, it was
decided to match the gender of the recordings to that of the
participants; hence, no male raters participated in this study. All
participants speak, in addition to Standard Arabic, the same
vernacular, Najdi Arabic, and have the same tertiary level of
education. None of them reported any current or previous
hearing impairment or loss.

A rating task was implemented in this study. The
participants were instructed to rate the speed of the 20 sentences
(5 sentences per condition) on a 1-7 Likert scale (with 1 being
extremely slow and 7 being extremely fast). Every participant
completed the task individually and was allowed to proceed at
her own pace. The stimuli from all levels were presented in a
randomized order, and no sentence was heard by the participant
in more than one condition, nor were any two sentences from
the same condition presented in a sequential order.

3. Results and discussion

The thirty participants provided 600 responses (5 per condition
x 4 conditions x 20 per participant x 30 participants). A
Repeated-Measures Logistic Regression was performed to
determine the effect of different synthetic speech rates (as a
predictor variable) on the listeners’ perception (the predicted
variable).

The rate of the synthetic speech had a statistically
significant effect on the participants’ rate perception,
Wald ¢*(1) = 279.721,p< 001. The odds of individuals
considering the normal speech rate of synthetic speech to be
slow was 0.286835 (95% CI, -5.193 to -4.069) times higher
than that for the 30% accelerated speech rate, a statistically
significant effect, %*(1) = 260.660, p< .001.

The odds that the 10% accelerated speech rate was
considered slow was 0.2615, 95% CI [-3.654, -2.629] times
higher than that of the 30% accelerated speech rate, a
statistically significant effect, (1) = 144.357,p< .001.
Likewise, the odds of the 20% accelerated speech rate being
considered slow was 0.2297, 95% CI [-1.894, -0.993] times
higher than that of the 30% accelerated speech rate, a
statistically significant effect, x*(1) = 39.472, p => .001.

Figure 1 below shows that the more the speech was
accelerated, the higher its speed ratings.
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Figure 1: Ratings for the four synthetic speech rates
(normal, 10% Acc, 20% Acc, & 30% Acc).

As shown in Table 2, the average response for the normal
condition was Slightly Slow (Median/Mode= 2, Truncated M
[TM]=2.36, M= 2.41 SD = 0.97); the normal condition did not
receive a Normal rating in more than approximately 7.33% of
the responses.

Table 2: Detailed and overall ratings for the Normal rate.

Perceived rate Scale points N Percentage
Extremely Slow 1 25 16.66%
Slightly Slow 2 58  38.66%
Slow 3 53 35.33%
Normal 4 11 7.33%
Slightly Fast 5 2 1.33%
Fast 6 0 00.00%
Extremely Fast 7 1 0.006%
Overall measures Value
Median/Mode 2

Mean (SD) 241 (0.97)
Truncated mean (5%) 2.36

As shown in Table 3, the average given responses for the
10% accelerated speech rate was Slow (Median/Mode= 3, TM=
3.24,M=3.24 SD=0.85). It is not what the participants consider
to be the normal speed. (see Table 4).

Table 3: Detailed and overall ratings for the 10% Acc.

Perceived rate Scale points N Percentage
Extremely Slow 1 3 2.00%
Slightly Slow 2 26 17.33%
Slow 3 59  39.33%
Normal 4 56 37.33%
Slightly Fast 5 6 4.00%
Fast 6 0 00.00%
Extremely Fast 7 0 00.00%
Overall measures Value
Median/Mode 3

Mean (SD) 3.24 (0.85)
Truncated mean (5%) 324

As reported in Table 4, the average response in ratings for
the 20% accelerated speech rate was Normal (Median= 4, TM=
427, M=4.25 SD=0.86).



Table 4: Detailed and overall ratings for the 20% Acc.

Table 5: Detailed and overall ratings for the 30% Acc.

Perceived rate Scale points N Percentage Perceived rate Scale points N Percentage
Extremely Slow 1 0 00.00% Extremely Slow 1 7 4.66%
Slightly Slow 2 6 4.00% Slightly Slow 2 13 8.66%
Slow 3 12 8.00% Slow 3 10 6.66%
Normal 4 82 54.66% Normal 4 14 933%
Slightly Fast 5 38 2533% Slightly Fast 5 33 22.00%
Fast 6 12 8.00% Fast 6 48  32.00%
Extremely Fast 7 0 00.00% Extremely Fast 7 25  16.66%
Overall measures Value Overall measures Value
Median/Mode 4 Median & Mode 5&6
Mean (SD) 4.25 (0.86) Mean (SD) 4.98 (1.70)
Truncated mean (5%) 4.27 Truncated mean (5%) 5.09

Finally, as provided in Table 5, the average response in the Although previous research has not specifically

ratings for the 30% accelerated speech rate was Slightly Fast
(Median= 5, TM=5.09, M= 4.98 SD=1.70). Note that the most
frequent response was Fast (Mode= 6).

Figure 2 shows that the more accelerated the speech was,
the more the ratings shift to the right side of the continuum
(extremely fast), but only in the 20% Acc condition do the
ratings cluster and constitute a peak around Normal. The
findings from this experiment are threefold. First, Arabic
speakers are sensitive to minor increments in synthetic speech
rate. Second, the speech rate of Google TTS technology is
perceived as being relatively slow and not normal. Third, a
speech rate that will be perceived as normal can be obtained by
accelerating the current rate by a proportion between 10% and
20%. These two last points, which address the research
questions and support the hypothesis, are discussed in further
detail below.

investigated the normal produced and perceived speech rates of
Standard Arabic, Gésy [23] reports that the average speech rate
for Arabic ranges from 4.6 to 7.0 syllables per second. The
normal speech rate produced by Google TTS in the current
study is 4.5 syllables per second. This value is only slightly
below the lower cut-off of the range reported in [23], but the
participants consistently perceived it as being too slow. One
obvious difference between Gé6sy and the current work is that
the latter deals with synthetic speech. One would think that
synthetic speech lacking some natural features would make it
less intelligible than natural speech; hence, listeners would have
a preference towards a slower synthetic speech.
Notwithstanding, previous studies have shown the opposite.
The findings from [15] albeit differences in the language and
technology used, confirm that adults, but not children, prefer a
faster speech rate of synthesized speech. Current findings are
not easily comparable to those of [14] for two reasons.
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Figure 2: Distribution of ratings across condition (note the reference line and the shift to the right side of the scale).
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First, the units of measurement are completely different
(words vs. syllables and minutes vs. seconds), and any attempt
to convert between measures becomes problematic due to the
fact that the two languages have different morphophonological
systems. Second, the sentences used in [14] were generated by
MultiVoice and DECtalk, which are two relatively old
technologies and were not meant to be assistive technologies
for visually impaired or blind users. The quality and naturalness
of speech would be presumably lower than they are now.

The highest proportion of Normal responses was obtained
in the 20% Acc condition (approximately 54.66%), followed by
the 10% Acc condition (approximately 37.33%), while the
lowest proportion of Normal responses was obtained in the
normal condition (approximately 7.33%), followed by the 30%
Acc (approximately 9.33%). This shows that the preferred
normal rate lies between 5.0 and 5.5 syllables per second, with
a higher tendency for the participants to prefer 5.5 syllables per
second (that is 20% Acc). This speech rate is within the range
reported by Gésy [23]. The range reported by Gésy [23] seems
to have been adopted from Vaane [24] who conducted an
experiment on multiple languages including Arabic and
reported an identical range. Vaane [24] reported the mean in
syllables per second, M= 5, which is close to the rate reported
in this study (from 5.0 to 5.5). Nevertheless, we must bear in
mind that while [23] did not specify the Arabic variety reported
in her study, [24] explicitly stated that the participants were
natives of Moroccan Arabic, a variety that is substantially
different from Standard Arabic.

4. Conclusion

The current study contributes to a body of research on speech
rate in Standard Arabic, be it natural or synthetic, that is
severely impoverished. The chief finding is that the current
speech rate of Google TTS, a popular TT technology used by
visually impaired Arabic-learning users and linked to other
third-party applications, is slow. An increase in its rate is
necessary, otherwise its slow speech rate may turn away users
from the technology. This conclusion should assist software
engineers working on speech synthesis development and
establish a baseline normal speech rate for Standard Arabic. As
this study was limited to normal-hearing listeners, further
research may replicate the study with a focus on hearing-
impaired users, a group of users who develop high-level
communication skills that make them better able to process
faster speech.
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