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1 Introduction

Gutturals, consonants produced in the posterior portion of the
vocal tract, are considered to include uvulars (e.g., /q, G, ¥,
/), pharyngeals (/h, §/), and, by some accounts, laryngeals
(7?2, /) [1]. Unlike consonants of other places of articulation,
gutturals have been relatively phonetically understudied,
with previous acoustic investigations being limited to a hand-
ful of languages and often few speakers. The existing acous-
tic work has been done mainly on guttural fricatives, /y, ¥, h,
¢, h/, in Modern Standard Arabic ([2-4]). These works have
established that duration of fricative noise distinguishes
voiced from voiceless fricatives, as well as /h/ from the other
fricatives. Noise spectra, on the other hand, were found to
play an important role in differentiating place, as, for exam-
ple, centre of gravity of noise correlates with the relative pos-
teriority of the constriction. Spectral properties were also
noted to differentiate voicing.

The goal of this study is to provide an acoustic analysis
of voiceless and voiced guttural fricatives in three languages:
Emirati Arabic (EA, Semitic), Iraqi Central Kurdish (IK, Ira-
nian, Indo-European), and Lebanese Western Armenian (LA,
Armenian, Indo-European). The first two languages contrast
voiceless and voiced uvulars /y, ¥/ (which are in some sources
described as velars /x, y/), voiceless and voiced pharyngeals
/h, §/, and the voiceless laryngeal /h/ ([5] on EA; [6] on IK).
LA contrasts voiceless and voiced uvulars /y, ¥/, and the
voiceless laryngeal /h/ [7-8]. All these languages/varieties are
relatively understudied phonetically, or hardly studied at all.

2 Method

The study involved 59 participants: 18 speakers of EA, 20
speakers of IK, and 21 speakers of LA, residing predomi-
nantly in Abu Dhabi and Dubai (UAE), Sulaymaniyah and
Kirkuk (Iraqi Kurdistan), and Beirut (Lebanon), respectively.
The participants were roughly balanced by gender (32 fe-
males, 27 males) and were of similar age - mainly in their
20s. In addition to their L1, they also spoke English and, for
LA, Arabic. They were recruited through personal networks
and local contacts in respective countries, and paid an equiv-
alent of 15 CAD for their participation. Audio recordings
were performed using an online experiment platform Go-
rilla.sc [9] and recording devices of participants’ choice.

The materials included real words with the target conso-
nants /y, &, (h, €,) h/, embedded in a carrier phrase. Care was
taken to keep the stimuli and phrases as similar as possible
across the languages. Each utterance (1 word per fricative in
intervocalic position) was repeated 3 times, giving 9 to 15
tokens per speaker, depending on the language.
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The data were annotated in Praat [10], with boundaries
set manually to indicate onsets and offsets of fricatives and
adjacent vowels. Measurements were extracted using a script
and included fricative duration and spectral moments taken
at the midpoint of the fricative. Among the spectral measure-
ments, we will here be concerned with only one -centre of
gravity (COG), higher or lower frequency of which corre-
sponds to the relative posteriority of the fricative constriction
(i.e., expected to be lower for, e.g., /i/ than /y/).

3 Results

To examine differences among fricatives, Linear Mixed Ef-
fects Models were performed for duration and COG sepa-
rately for each language, as well as by Place in voiceless fric-
atives and Voicing in uvular and pharyngeal fricatives. The
results, summarized in Table 1, revealed robust differences
across 3-way (EA and IK) and 2-way (LA) place contrasts, as
shown in the table. They also revealed consistent voicing dif-
ferences. With the exception of the duration difference for
uvulars and pharyngeals between EA and IK, all observed
differences were the same across three languages.

Table 1: A summary of statistical results for Place (uvular, phar-
yngeal, laryngeal) and Voicing (voiceless, voiced) by language; >’
indicates higher values.

. Voicing
Parameter Place (voiceless) (non-/h/)
EA 1K LA All

Duration |phar > uvu > lar|uvu > phar > lar juvu > lar| vls > vd
COG uvu > phar > lar uvu > lar| vls > vd

To illustrate these results, Figure 1 presents fricative du-
ration and centre of gravity ((a) and (b) respectively) by con-
sonant and language. For duration, we can see a clear differ-
ence in voicing for uvular (red) and pharyngeal (green)
sounds: the voiced consonants are much shorter. We can also
see that /h/ is shorter than its voiceless counterparts. Turning
to COG, recall that lower values of this variable indicate a
greater posteriority of the consonant, reflecting the highest
concentration of spectral energy along frequencies. Consid-
ering voiceless fricatives first, we can see in the plot that their
COG values decrease from uvulars (red) to pharyngeals
(green), and then to laryngeals (blue). This is consistent for
all three languages (but note that LA lacks pharyngeals). The
same is observed for voiced sounds of two places. In terms of
voicing, voiced sounds show lower COG, given the low-fre-
quency voicing energy, and likely frequent approximant-like
realizations (due to lenition).
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Figure 1: Boxplots for duration (sec; top plot) and COG (Hz; bot-
tom plot) by consonant (voiceless and voiced uvulars and pharyn-
geals, voiceless laryngeal) and language.

4 Discussion

The results obtained in this study are similar to previous find-
ings for Standard Arabic. Taking voiceless fricatives, for ex-
ample, we can see in Figure 2 that COG values reported in
several previous studies of Arabic fricatives (N1983 [2],
AK2005 [4], AAM2005 [3]) were lower for pharyngeals and
laryngeals, which is also the case obtained for EA, IK, and
(in part) LA in this study. The lower COG for /h/ in our re-
sults is also consistent with the findings of [3]. There is also
considerable agreement in mean values for the fricatives
across the studies, despite the very different recording condi-
tions.

Mean COG: voiceless fricatives across studies
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Figure 2: A comparison of mean COG (Hz) values across previous
studies of Arabic voiceless fricatives (see text) and current results.

As a next step, we are planning to investigate additional
variables, such as standard deviation, skewness, kurtosis, and
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intensity of fricative noise, as well as vowel transitions
to/from fricatives (as these could further clarify place of ar-
ticulation differences). The analysis will also be extended to
word-initial and word-final positions, for which we have also
obtained the data.

5 Conclusion

To conclude, this study contributes to the phonetic documen-
tation of guttural sounds by covering new languages/varieties
and using relatively large speaker samples. This study also
serves to confirm the validity of the online audio recording
method, which has been increasingly used in phonetics dur-
ing the pandemic of COVID-19.
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