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ABSTRACT

This paper examines the phonetic characteristics of
devoiced vowels in Uyghur. Audio recordings were
collected of six female speakers reading 43 words and
15 sentences, which had been selected to explore a
variety of characteristics of Uyghur vowel devoicing.
Evidence is presented confirming the reliability of
three conditioning factors—high vowels, adjacent
voiceless consonants, and unstressed syllables.
Analysis of a subset of words with the target vowel /i/
shows that the devoiced vowels are realized entirely
as sibilant frication when adjacent to sibilant
consonants /f/ and /tJ/ (and thus indistinguishable
from the consonant or “deleted”) but distinctly
present as a segment of aspiration or light frication
when between plosives. Duration of devoiced /i/ is
found to be shorter than that of voiced /i/. Finally,
articulatory considerations relevant to vowel
devoicing are discussed.

Keywords: vowel devoicing; duration; Uyghur;
Turkic

1. INTRODUCTION

Vowel devoicing in Uyghur is conditioned by vowel
height, surrounding consonants, and stress. Hahn’s
summary is the most thorough and accurate
description to date: “High vowels are devoiced
between two voiceless consonants (including a glottal
stop), in words with more than one syllable usually
only in unstressed position” ([4]: 45).

To my knowledge, only one empirical study on
Uyghur vowel devoicing has been conducted to date.
Tursun & Hemdulla [16] addressed the acoustic
properties of devoiced high vowels in Uyghur as
compared to regular voiced high vowels. Their results
indicated that voiceless vowels are shorter in
duration, higher in formant frequency, and lower in
intensity  than  their  voiced counterparts.
Unfortunately, a number of methodological issues
make their findings hard to generalize. Their method
of determining voicing was not stated clearly; no
mention was made of stress, which would affect
interpretation of the acoustic results; no statistical
tests were conducted; and the total number of tokens
for each cell was not reported. Vowel devoicing thus
remains a phonetic topic of interest in Uyghur.

Additionally, vowel devoicing can be realized
phonetically in a number of ways. Tursun &
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Hemdulla suggest that Uyghur voiceless vowels take
on some characteristics of voiceless fricatives, but
they measured formants as if the vowel quality were
still intact [16]. Hahn describes true voiceless vowels,
syllabic fricatives, and combinations of both [4], but
without acoustic evidence. Authors writing on vowel
devoicing in other languages have described full
deletion of vowels leading to consonant clusters (see
[9, 11, 12]). This paper aims to clarify the precise
phonetic nature of the voiceless vowels in Uyghur.

2. METHODS

Data for the present study came from a larger set of
recordings designed to explore vowel devoicing, in
which six female speakers read 43 one- or two-word
tokens and 15 sentences (6 speakers x 5 repetitions =
30 tokens per item). Two minutes of naturalistic data
from a TV interview were included as a supplement
to the experimental data. The word and sentence
tokens were randomized and counterbalanced, with
each iteration of the list beginning and ending with a
standard decoy word or sentence that was not
included in the study. The six participants were native
Uyghur speakers who grew up in Xinjiang and were
first-year university students at the time of the study.
All of them also speak Mandarin fluently and English
to varying levels.

The data were segmented in Praat and acoustic
measurements were extracted using scripts. Duration
was measured from oral release of the previous
consonant to the onset of the following consonant, or
to point where F2 dispersed for word-final vowels.
Praat’s ‘Fraction of Locally Unvoiced Frames’ (under
Voice Report) was used as a quantitative measure of
devoicing in order to see if the devoicing were
categorical or gradient. For this measurement, a
separate tier was added in the TextGrid in which
aspiration following voiceless stops was segmented
separately from the vowels. In this way clearly voiced
vowels following aspirated consonants would still
measure as fully voiced.

The data was coded for the three conditioning
factors—vowel height, consonant environment, and
stress. Stress is typically word-final in Uyghur, but
there is often variation in speaker production and
perception [18]. For this study, word-final stress was
expected but confirmed post hoc by comparing the
duration of the word-final vowels to the other vowels
in the word, as duration is the only reliable acoustic
cue for lexical stress [18].



For the present study, a small subset of five
disyllabic words containing an unstressed /i/ between
voiceless consonants as the target vowel was selected
for analysis—pi 'kir ‘idea,’ Zik ki ‘two,’ ki [fi ‘people,’
tfi'qim ‘payment,” and #/i 'qi/“come up.” Several other
words were selected for relevant contrasts—qa t/an
‘when,” tfa'tag ‘trouble,” ga paq ‘eyelid,” my fyk
‘cat,” pe'get ‘only,” fo'qat/ ‘small round thing,’
nimif"qa ‘why,” and sypet ‘adjective.” Due to the
small size of the subset, only descriptive statistics are
reported here. It is hoped that future studies using
larger, more rigorously balanced experimental data
sets and spontaneous corpus data as in [11] on
Japanese can develop this line of research further.

3. RESULTS
3.1. Reliability of conditioning factors

To examine the reliability of the three conditioning
factors described by Hahn [4], Table 1 reports the
mean Fraction of Locally Unvoiced Frames (FLUF)
for the entire data set in a 2x2x2 matrix. A clear
distinction emerges between the top left cell,
representing the ideal devoicing environment of high
vowels in unstressed syllables between voiceless
consonants, and all the other cells. On average 74%
of the frames were unvoiced for the vowels in the
ideal environment, while no notable devoicing
occurred in non-high vowels, stressed vowels, or
vowels adjacent to voiced consonants.

Table 1: Mean FLUF for all vowels in original data
set

Both adjacent One/both
consonants adjacent
voiceless consonants
voiced
High Unstressed 0.74 0.08
n=1101, sd=0.38 n=882, sd=0.25
Stressed 0.09 0.01
n=215, sd=0.26 n=682, sd=0.03
Non- Unstressed 0.03 0.06
high n=497, sd=0.08 n=491, sd=0.17
Stressed 0.01 0.01
n=618, sd=0.04 n=971, sd=0.04

This preliminary analysis treated all the data
together to get a first impression of the three
factors, with no attempt to separate words by
number of syllables, target vowels, open vs. closed
syllables, or data type (words, sentences, and
naturalistic speech). Future analysis could make
more fine-grained sub-groups and employ linear
modeling to estimate the predictive power of the
three factors. The present analysis, though,
suggests that the three factors are reliable—only
when all three factors align do speakers
consistently devoice the vowels.

3554

The FLUF results for all the /i/ vowels in the
subset are presented in the histogram in Figure 1.
(Histograms for individual speakers looked the
same.) The polar distribution indicates that rather
than being a gradient phenomenon as in many
languages with vowel devoicing [3], Uyghur
vowel devoicing is a categorical phenomenon.

Figure 1: Fraction of Locally Unvoiced Frames
(FLUF), subset with /i/ target vowels
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2.2. Acoustic description of subset of voiceless vowels

In the present Uyghur data set, devoicing of vowels
adjacent to voiceless sibilant consonants /s/, /f/, and
/tf/ was realized as total deletion or blending with the
adjacent consonants for, so that it was impossible to
mark a distinct segment for the vowel on the
TextGrid. In the subset of vowels selected for detailed
analysis in this paper, the /i/ vowels in the first
syllables of ki /i, t/i 'qim, and t/i 'qi/' were inseparable
from the [[] (see kifi in Figure 2).

Figure 2: Devoiced vowels in pi 'kir and ki /i
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Devoiced vowels between two voiceless stops were
clearly present but totally voiceless. The /i/ vowels in
the first syllables of pi 'kir ‘idea’ and ik 'ki ‘two’ were
distinct from the adjacent stop consonants. On the
spectrogram they appeared as aperiodic high-
frequency noise, similar to aspiration or voiceless
palatal frication. In some cases there were darker
bands of energy between 2000-4000 Hz, but it was
never clear enough to call formant structure (see
pi 'kir in Figure 2). It was not difficult, however, to
hear the difference between voiceless /i/ in these
words and voiceless /u/ and /y/ in other words in the
data set, even for vowels that were blended or



coarticulated with adjacent sibilants. Analysis of the
spectral peak or center of gravity of the aperiodic
noise would be an interesting topic for future study
(cf. [14] on Japanese).

To compare duration of voiced and voiceless /i/,
the ideal environment would probably be two
disyllabic words with /i/ in the unstressed first
syllable flanked by voiceless consonants in one word
but a voiced consonant blocking the devoicing in the
other. Unfortunately the wordlist for this study did not
contain such a word with a voiced consonant. The
next best, then is to compare the duration (normalized
as percent of word duration) of the voiceless
unstressed /i/ in the first syllables of pi 'kir and 2ik 'ki
with the voiced stressed /i/ in the second syllables of
pi 'kir, ki'fi, Pik'ki, tfi qim, and tfi'qif, with results
shown per speaker. Six tokens of the first /i/ in 2ik ki
were not devoiced and were therefore removed from
the voiceless subset. Grouped together, all speakers’
voiceless /i/ tokens (mean 15.7, sd=5.6, n=54) were
much shorter than the voiced stressed tokens (mean
30.4, sd=8.5, n=147). Individual results for speakers
A-F (Figure 3) showed the same trend, with slightly
less difference between voiceless and stressed /i/ for
speakers E and F. The mean FLUF measurements
were 0.97 (sd=0.2, n=54) for voiceless /i/ and 0.02
(sd=0.1, n=147) for stressed /i/. Note that for this

As the wordlist for this study did not contain
voiced unstressed /i/ in a disyllabic word, the duration
of voiced unstressed /i/ can be estimated by looking
at the difference between stressed and unstressed
tokens of a different vowel, such as /a/ in the words
ga 'tfan ‘“when,’ t/a 'taq ‘trouble,” and ga ‘paq ‘eyelid’.
In these words the ratio between the normalized
duration of the stressed and unstressed tokens was
1.60:1. Following that ratio, a normalized duration of
about 19 would be expected for voiced unstressed /i/,
which is slightly longer than the duration observed for
voiceless unstressed /i/ above, but still much closer
than the 30.4 observed in stressed /i/.

There was an unstressed voiced /i/ in one of the
sentences in the original data set, in the first syllable
of nimif"qa ‘why?’. Its normalized duration, adjusted
by a factor of 1.5 to account for a trisyllabic vs.
disyllabic word, averaged 14.0 (n=30, sd =2.95). This
is actually shorter than the normalized duration of
voiceless /i/ reported above. The comparison is not
ideal, though, because nimif"qa came from a sentence
rather than a word, it has three syllables rather than
two, and /i/ is between nasals rather than stops.

The second angle for assessing whether devoiced
/i/ between stops is actually deleted is looking at the
VOT of voiceless stops. Syllable-initial voiceless

subset the voicing threshold (under Pitch...Advanced
pitch settings) was set to 0.70, as this setting produced
more reasonable results when checked against the
amount of voicing visible on the waveform.

Figure 3: Normalized duration of voiceless /i/ and
stressed /i/, speakers A-F (grey color for readability)
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stops in Uyghur are generally aspirated [4]. It is
possible the duration observed between the two stops
is just the normal amount of aspiration following the
release of the voiceless stops. To test this, the VOT of
the /p/ preceding voiced /¢/ in pe ‘qet was compared
with the duration of voiceless /i/ in the first syllable
of pi 'kir.

Figure 4: Normalized VOT vs voiceless vowel
duration after /p/, speakers A-F (grey color for readability)
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The fact that the voiceless vowels adjacent to
sibilants were essentially deleted raises the question
of whether the observed duration of devoiced vowels
between stops is long enough to constitute a real
vowel or whether it was just a brief transition between
the articulation of the two stops. This question will be
addressed from three angles—by comparing them
with the duration of unstressed voiced /i/, by
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As Figure 4 shows, the median duration of
voiceless /i/ was longer than the VOT of /p/ before
voiced /e/ for each speaker. For speakers C and D,
there was a great deal of overlap in the distributions.
For all speakers grouped together, the normalized

comparing them with the VOT of voiceless stops, and
by examining the duration of the sibilant segments
adjacent to/coarticulated with the devoiced vowels.
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duration of the voiceless /i/ (mean 13.8, sd=5.3, n=30)
was more than twice as long as the VOT of /p/ in
pe'get (mean 5.1, sd=2.9, n=30). However, the
60.5ms mean for voiceless /i/ is still within a normal
range for VOT of aspirated consonants as reported by



Cho & Ladefoged [1]. Further study of the VOT of
voiceless stops in Uyghur would be needed to
strengthen this line of argument.

The third angle of inquiry is the duration of the
sibilant adjacent to the voiceless vowel. If the sibilant
is longer than usual, it is possible that sibilant noise is
actually a method of realizing the voiceless vowel.
(Alternatively, the vowel could be deleted but the
sibilant lengthened to compensate.) Figure 5 shows
that the normalized duration of [[] after a voiceless
vowel in ki 'fi (mean=53.7, sd=7.4, n=30) was longer
than the duration of [[] after a voiced vowel in my [k
(mean=25.0, sd=3.0, n=30); and likewise the [f]
portion of /t[/ before a voiceless vowel in #/i 'gi/ “come
up’ (mean=20.2, sd=4.9, n=30) was longer than the
corresponding [[] before a voiced vowel in #/a tag
‘trouble’ (mean=10.9, sd=2.1, n=30). Results by
speaker showed no clear differences. This trend was
not observed in stop consonants. The normalized
duration of /p/ (closure to release) after voiceless /i/
in sy pet (mean=18.4, sd=3.0, n=30) was actually
shorter than /p/ after a voiced vowel in ga pag
(mean=22.8, sd=5.1, n=30), and_the duration of /q/
after voiceless /i/ in #/i'qif and tfi 'gim (mean=20.3,
sd=3.6, n=57) was about the same as the /q/ after
voiced vowels in fo'qat/ and pe'get (mean=19.4,
sd=3.8, n=60).

Figure 5: Normalized duration of stops and sibilants
adjacent to voiced and voiceless vowels (grey color for
readability)
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In sum, the three angles of investigation, though
subject to certain limitations, seem to converge on
the conclusion that voiceless vowels between stops
are indeed present rather than deleted and that
voiceless vowels adjacent to sibilants are also not
deleted but realized as homorganic sibilant frication.

4. DISCUSSION

The realization of a voiceless vowel as frication of
some kind is not altogether surprising from an
articulatory perspective. A vowel between two
obstruents has two tight constrictions on either side of
it. The devoiced vowels are high vowels, for which
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the oral opening would be rather narrow even if they
were voiced. Ohala notes that high vowels, “by virtue
of their high close constriction, impede the flow of air
and constitute ‘almost’ obstruents. In conjunction
with other factors, they can reduce APy enough to
extinguish voicing” ([13]: 3). When the articulators
are only separated with a tiny opening in the transition
between the stop closures in words like pi 'kir or not
opened any further than the preceding or following
sibilants in words like ki /i or /i 'gim, then frication is
the natural consequence. If the duration of the
frication makes up for the duration that would be
expected in a vowel, then the frication very well may
be the way of realizing the voiceless vowel. If this is
so, then the phonotactics and syllable structure are
preserved, with the frication as the syllable nucleus.

The articulatory explanation of the frication also
provides an answer to the question of why it is the
high vowels that devoice in Uyghur. The oft-cited
explanation for the cross-linguistic tendency of high
vowels to devoice more than other vowels is that high
vowels are shorter in duration than non-high vowels
and thus their gestures are more easily overlapped by
consonant gestures (see [3, 8]). This makes sense in
languages where the devoicing happens as a gradient
(as [8] found for Korean), where the likelihood of
devoicing is highly sensitive to rate of speech (cf. [6]
on Turkish), or where non-high vowels also devoice
in very fast speech (cf. [10] on Japanese, [17] on
Spanish). However, in the present data for Uyghur,
devoicing happened consistently even in the reading
style of experimental conditions, and virtually no
devoicing was observed of any non-high vowels (see
Table 1). These distributional patterns combined with
the observation of frication suggest that the close
constriction of high vowels than low vowels may be
more relevant than their short duration.

The articulatory account, however, is stronger as a
historical explanation of how high vowels came to be
devoiced than as a synchronic explanation of why
speakers devoice high vowels now. Contemporary
Uyghur vowel devoicing is most likely part of the
phonology rather than the phonetic implementation,
as it is very consistent and also probably quite old.
Devoicing of high vowels (and phenomena like
“reduction,” “loss,” “dropping”, or “disappearance”)
occurs all across the modern Turkic family [7], and
similar processes are noted in several Mongolic
languages [5, 11] as well as Japanese [10, 12, 14, 15],
Korean [8], and Northwest Mandarin [2]). While it is
possible that these processes all arose independently
or spread across Asia after the Turkic migration, it is
also possible that vowel devoicing was historically an
areal feature in northeast Asia. If the vowel devoicing
processes in e.g. Uyghur in the east and Turkish in the
west have the same origin, they must be quite old, as
Turkic speakers had spread from present-day
Mongolia across Central Asia by 600AD [7].
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