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Phonetic correlates of phonological vowel quantity in Yakut read
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The quantity language Yakut (Sakha) has a binary distinction between short and long vowels.
Disyllabic words with short and long vowels in one or both syllables were extracted from spontane-
ous speech of native Yakut speakers. In addition, a controlled production by a native speaker of
disyllabic words with different short and long vowel combinations along with contrastive minimal
pairs was recorded in a phonetics laboratory. Acoustic measurements of the vowels’ fundamental
frequency, duration, and intensity showed a significant consistent lengthening of phonologically
long vowels compared to their short counterparts. However, in addition to evident durational differ-
ences between long and short quantities, fundamental frequency and intensity also showed effects
of quantity. These results allow the interpretation that similarly to other non-tonal quantity lan-
guages like Finnish or Estonian, the Yakut vowel quantity opposition is not based exclusively on
durational differences. The data furthermore revealed differences in FO contours between spontane-

ous and read speech, providing some first indications of utterance-level prosody in Yakut.
© 2016 Acoustical Society of America. [http://dx.doi.org/10.1121/1.49484438]
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I. INTRODUCTION

This paper investigates the acoustic correlates of phono-
logical quantity in Yakut. Yakut (or Sakha) is a Turkic lan-
guage spoken by over 400000 speakers in the Republic of
Sakha (Yakutia) of the Russian Federation (Pakendorf,
2007). According to existing accounts, Yakut is a standard
quantity language where all vowel phonemes, and many con-
sonants, have short and long counterparts distinguishing lex-
ical meaning (Anderson, 1998; Finch, 1985; Krueger, 2012).
It is assumed that the distinction between short and long
vowels in Yakut is based solely on a difference in duration
(Krueger, 2012, p. 47), although there is currently no pho-
netic (instrumental) study of the acoustic properties of this
distinction. The present study focuses on remedying this sit-
uation by inquiring into the binary quantity distinction in
Yakut long and short vowels with the purpose of determin-
ing its acoustic-phonetic characteristics. To that end, the
study uses disyllabic nouns and verbs with long and short
vowels as well as monosyllabic and disyllabic minimal pairs
extracted from both read and spontaneous speech.

Yakut has four front vowels /i, y, €, e/ and four back
vowels /w, u, a, o/ (Anderson, 1998; Krueger, 2012), thus
each unrounded Yakut vowel phoneme has a symmetrical
rounded counterpart (Sasa, 2009). All vowels appear in word
initial, medial, and final positions (Krueger, 2012). Table I
represents quantity minimal pairs for each of them. In addi-
tion, there are four diphthongs /ie, yce, up, wa/ (Finch, 1985;
Kaun, 1995; Krueger, 2012). Moreover, Yakut has vowel
harmony, specifically, backness and rounding harmony
(Anderson, 1998; Finch, 1985; Kaun, 1995; Krueger, 2012;
Sasa, 2009). Stress is regularly word final (Anderson, 1998)
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but is not very prominent and often hardly distinguishable
acoustically (Samsonova, 1959). Krueger states that Yakut
long vowels are two to three times the length of short vowels
(Krueger, 2012, p. 48).

Previous studies on a number of quantity languages,
such as Japanese (Kinoshita ef al., 2002), Finnish (Jarvikivi
et al., 2010; Nakai et al., 2009; Ylinen et al., 2005),
Estonian (Lehiste et al., 2007; Lippus et al., 2011), Washo
(Yu, 2008), Thai (Mixdorff et al., 2002), and Livonian
(Lehiste et al., 2007), have shown that in addition to the ro-
bust durational cues, also pitch cues may distinguish short
and long quantity in these languages (see also, Fox and
Lehiste, 1987; Yu, 2010). For example, perception experi-
ments have suggested that speakers of non-tonal languages
like Finnish and Japanese use pitch cues to distinguish
between short and long phonemes. Jarvikivi et al. (2007) and
Jarvikivi et al. (2010) showed that participants’ decisions to
categorize the initial vowel in a word as long or short, e.g.,
sika “pig” vs siika “whitefish,” were significantly influenced
by not only duration but also whether the vowel had a level
or falling pitch. They further found that, controlling for dura-
tional cues, appropriate pitch of auditory word primes facili-
tated word recognition in cross-modal priming. Vainio et al.
(2010) moreover demonstrated that Finnish long and short

TABLE I. Minimal pairs of short and long vowels.

[al/[a:] bas “head” ba:s “wound”

[p]/[D:] yDs “room” yD:s “empty”

[el/le:] che “bear” che: “grandfather”
[oe]/[ce::] beerce “wolf” beerce: “wrap!, cloak!, cover up!”
[i]/[i:] ir “melt” ir “go insane”

[yl/ly:] kyly “ash (accusative)” kyly: “laughter”
[w)/[w:] kuwul “horse mane” kuws:1 “animal”

[u]/[u:] kus “duck” ku:s “hug”
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vowels systematically co-varied with differences in pitch
contours also in production. Although the primary role of du-
ration in quantity perception is indisputable, listeners used
pitch cues when durational information was ambiguous (see
also Kinoshita ez al., 2002, for Japanese). Pitch cues also
play an important role in the perception of quantity in
Estonian, another (non-tonal) quantity language. In contrast
to Finnish, Estonian has a tertiary quantity distinction. A se-
ries of perception studies among Estonian listeners con-
ducted by Lippus et al. (2007, 2009, 2011) revealed a
significant role of pitch cues in the distinction between quan-
tity 2 (long) and quantity 3 (overlong). Unlike for Finnish,
where pitch cues co-vary with duration, in Estonian pitch
serves as an independent cue distinguishing between the long
and overlong quantity alongside with temporal characteristics,
which are primary in distinguishing short and long quantity.
Further, in the only phonetic study investigating quantity
marking in spontaneous speech that the authors are aware of,
Asu et al. (2008) observed stable durational and pitch cues to
the Estonian quantity distinction in altogether 348 disyllabic
words produced by seven speakers.

Taken together, these studies indicate that, unlike stand-
ardly assumed, duration is not necessarily the only feature
marking phonological quantity. Different languages employ
various acoustic correlates and factors related to marking the
quantity opposition, including syllable structure, tone,
accent, stress, moraic structure, and semantic context, in
addition to duration and pitch (Lehiste, 1965; Lippus et al.,
2007; Mixdorff et al., 2002; Suomi et al., 2003; Suomi,
2007; Vainio et al., 2010; Yu, 2008). If this tendency is ro-
bust enough in the languages discussed above, then there is a
high chance that Yakut exhibits the same interplay between
pitch and duration in the quantity distinction as well.

The primary research question of the present study is:
What are the acoustic correlates of the phonological distinc-
tion between short and long vowels in Yakut? As shown in
the above overview, recent studies find that long and short
vowels are contrasted not only based on duration but also by
pitch cues. This article therefore investigates a possible role
for FO (maximum/minimum and slope), duration, and inten-
sity. Experiment 1 analyzes the production of words with
short and long vowels in Yakut unscripted spontaneous
speech, while experiment 2 assesses these factors by using a
carefully designed set of mono- and disyllabic words pro-
duced in carrier sentences in a laboratory setting.

Il. METHODS
A. Experiment 1

In experiment 1, an acoustic analysis of long and short
vowels from spontaneous Yakut speech taken from mostly
monologue-based conversations was performed.

1. Participants

The participants were nine female native Yakut speakers
from the age of 19 to 77 years old. The speakers were raised
in an environment where Yakut is the dominant language
and Russian is primarily acquired through formal education

2542  J. Acoust. Soc. Am. 139 (5), May 2016

and media. All of the participants are Yakut-Russian bilin-
guals, but Yakut is their mother tongue. The participants
reported no speech or hearing impairments.

2. Recordings

The speech data were obtained in fieldwork conducted
by the first author and the participants were recorded with an
MP3 Dictaphone (sampling frequency: 44.1kHz). The
speakers were asked to talk for about 10-15 min on a chosen
topic they felt comfortable with. The only restriction for the
recording session was not to mention peoples’ names for eth-
ical reasons and to protect their privacy. The author did not
interrupt the participants’ monologue-based speech during
the recording sessions. Paused monologues were repaired by
dialogue-based conversations facilitated by the author. The
questions that were used were: What season do you like?
What do you like to do in your free time? What is your fa-
vorite food? and so on. These types of questions were raised
only in case a speaker did not know how to proceed with
their monologues. The speakers were encouraged to speak as
naturally as they could during the recording sessions.

3. Acoustic measurements

The recordings were segmented using the software Praat
(Boersma and Weenink, 2014). From eight speakers’ ses-
sions the first author extracted 25 disyllabic verbs and nouns
with short vowels each. In addition, 25 disyllabic verbs and
nouns with initial, final or both syllables containing long
vowels were selected for segmentation for each speaker.
Hence, each speaker’s session yielded a total of 50 seg-
mented words. The aim was to reach a total of 400 words
from all the participants, however, two speakers’ sessions
did not contain a sufficient amount of target words.
Therefore, an additional ninth speaker’s session was used to
extract eighteen words to compensate for the shortfall. The
resulting set of 400 words contained mostly nouns and verbs
that were either in inflected or citation form. Some monosyl-
labic words appeared in the disyllabic form due to inflec-
tional suffixation; these were also included in the analysis.
Note that although diphthongs are regarded as long vowels,
they were not included in the analysis.

In each word token, syllables and vowels were seg-
mented. The following acoustic measurements were
obtained: the duration of short and long vowels, maximum
and minimum FO values for each vowel, FO slope, and inten-
sity (mean intensity within the center of the vowel, maxi-
mum intensity within the center of the vowel and mean
intensity for the whole vowel). Additional FO measurements
were conducted at ten equidistant time-points within each
vowel as the basis for average time-normalized pitch con-
tours. Hereafter, the materials of experiment 1 will be
referred to as “interviews.”

B. Experiment 2

Experiment 2 investigated whether the binary vowel
quantity opposition is based on duration or pitch, or both, in
carefully pronounced laboratory speech.
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TABLE II. The four word types occurring in the 200-word list.

Word Number of syllables Syllable 1 Syllable 2
ya:l.tws “necktie” 2 Long Short
bi.li: “knowledge” 2 Short Long
ky:s.te:y “strong” 2 Long Long
yaray “eye” 2 Short Short

1. Participants

One adult female native Yakut speaker, aged 34 (the
first author), participated in the study. She is also bilingual in
Russian, and regards Yakut as her strongest language. The
participant grew up in a dominantly monolingual Yakut-
speaking environment. In addition to Russian and Yakut,
which were acquired during childhood and adolescence, she
also speaks English fluently as her third language.

2. Materials

The speaker read a list of 200 disyllabic target words
embedded in a carrier sentence. Four types of words with
different sequences of short and long vowels in both syllable
positions were included (see Table II). Onset and coda posi-
tions were not controlled. There were 50 tokens of each type
of word.

The target words were either in their citation or inflected
forms. Monosyllabic word stems appeared in disyllabic
forms due to declension or conjugation (for instance, the
monosyllabic word fw: “boat” in the nominative case
becomes disyllabic fu:.nw in the accusative case).

Additionally, a list of 50 minimal pairs, i.e., 100 words
in total, was also recorded (see Table III for examples). The
list consisted of disyllabic and monosyllabic words contain-
ing contrasting long and short vowels. Different categories
were included without a restriction to nouns and verbs only.

The word list containing 300 words total was combined
and randomized.

3. Procedure and acoustic measurements

The recording session was conducted in a sound-treated
booth at the University of Alberta Phonetics Laboratory. A
Countryman Isomax Microphone Model EGOWS5SLEV and a
Korg MR-2000 recording device were used in the recording
session (sampling frequency: 44.1 kHz). The speaker read
out each word of the randomized word list in the carrier sen-
tence Biligin dien twlw et “Say the word_____now”
twice. After reading the 300-word list, the speaker had a
break for 10min and read the list again in a different
randomized order. There was a very short pause between

TABLE III. Example items from 100-word list of minimal quantity pairs.

Word Number of syllables Syllable 1 Syllable 2
a.tay “leg” 2 Short Short
a.ta:y “spoilt” 2 Short Long
bas “head” 1 Short N/A
ba:s “wound” 1 Long N/A
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each item, with the interval ranging from 2 to 3s. The
speaker was asked to read the words as naturally as possible.

Acoustic measurements were the same as in experiment
1. The materials of experiment 2 will be referred to as “lab
recordings” hereafter in the paper.

lll. RESULTS

All acoustic measures were analyzed using linear mixed-
effects modeling as implemented in the package Ime4 for the
statistical analysis program R (Bates et al., 2014; R
Development Core Team, 2014). These models assess the sig-
nificance of independent variables as predictors (fixed
effects), and additionally include random variables to, for
example, take variation between participants and items into
account (Baayen et al., 2008; Jaeger, 2008). Modeling of the
present data tested a number of experimental factors and ran-
dom variables in order to determine the statistical model that
had the best fit to the data. Henceforth, only the best model
for each tested variable will be reported. Each ultimate model
for a given dependent variable emerged following the same
procedure in steps. First, predictors were tested, retaining only
variables that significantly improved model fit. Models con-
taining different variables were compared with respect to their
log likelihood as a measure of goodness of fit, using the analy-
sis of variance function (Baayen, 2008). After the best model
for predictors was found, that model was compared against
models with different random effects. Tested predictor varia-
bles were vowel quantity (levels: long vs short quantity) and
syllable position (levels: first vs second syllable). Tested ran-
dom effects were word and vowel (modeling variation
between different lexical items and vowel qualities, respec-
tively). For the interview data, random by-speaker variation
was also considered. In the interpretation of the best models,
differences associated with a r-value above 2 were considered
significant (Baayen et al., 2008).

A. Duration
1. Interviews

Figure 1 shows the mean values and 95% confidence
intervals for vowel duration of short and long quantity vow-
els by syllable position. It demonstrates that there was a
strong distinction in duration between the two quantities,
with overall shorter durations in short quantity (quantity 1)
than in long quantity (quantity 2). As the data were taken
from spontaneous speech samples, it showed that speakers
might vary the duration for both quantities, and the durations
for short (Q1) and long quantity (Q2) could even overlap for
outlier values. As far as the syllable number is concerned,
Fig. 1 illustrates a slightly longer duration overall in the sec-
ond syllable position for both quantities.

The best linear mixed-effects model of vowel duration
in the interview data included both quantity and syllable
number as significant predictors (p =2.43 x 107>, y*=17.8
and p=4.607 x 107>, y*=16.6, respectively). It indicated
that vowel duration in the long quantity (quantity 2) was sig-
nificantly longer than in the short quantity (quantity 1;
estimate =43.323, SE =8.032, r=5.394). Additionally,
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FIG. 1. Vowel duration of short and long quantity by syllable position
(interviews).

vowels in the second syllable (syllable 2) were longer than
vowels in the first syllable (syllable 1), thus syllable position
proved to be a significant predictor of vowel duration
(estimate = 15.144, SE =3.523, r =4.299). A model with an
interaction between these predictors was not significantly
better (p = 0.902, 5> < 1).

2. Lab recordings

Figure 2 shows vowel duration in the short and long
quantities by syllable position for the read speech sample.
Quantity 2 vowels were consistently longer than quantity 1
vowels. This distinction was clearer than in the interview
data. Figure 2 also illustrates a tendency for vowels in the
second syllable position to be longer in duration compared
to the first syllable position, which is likewise more pro-
nounced than for the interview data.

The best statistical model of vowel duration for the lab
recordings data had both quantity and syllable position as sig-

nificant  predictors (p=6.837x 107", ¥*=56.1 and
p=22x10""° y*=674.7, respectively). There was no sig-
nificant interaction between the predictors (p=0.304,
200-
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FIG. 2. Vowel duration of short and long quantity by syllable position (lab
recordings).
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%*= 1.1). The model indicated a robust distinction in duration
between the short and long quantities (estimate =127.131,
SE =3.444, t=36.92), showing that quantity 2 was signifi-
cantly longer in duration than quantity 1. Similar to the results
for the interview data, vowels in the second syllable position
were consistently longer than vowels in the first syllable posi-
tion (estimate = 26.403, SE = 3.316, t =7.96).

B. FO measurements
1. Interviews

Measurements of maximum and minimum FO were simi-
lar for the interview data. For this reason, the maximum FO
only was used as a dependant variable in fitting a statistical
model of FO for the interviews (cf. Fig. 3). The resulting best
statistical model of FO for the interview data included both
quantity and syllable number as predictors (p=7.615 x 10,
12: 15.7 and p=0.041, ;{2:4.1, respectively), but a model
with an interaction between them was not significantly better
(p=0.259, y*=0.61). The model indicated that the FO maxi-
mum was significantly lower in the second syllable as com-
pared to the first syllable (estimate =—8.768, SE=2.191,
t=—4.00), as well as being lower in quantity 2 vowels than in
quantity 1 vowels (estimate = —5.639, SE =2.756, t = —2.05).

As an illustration, Fig. 4 shows time-normalized mean
FO contours for first and second syllable vowels in the disyl-
labic words produced by Yakut speakers in spontaneous
speech. The numbers on the x axis indicate the ten measure-
ment points for each syllable. Plot symbols and line colors
indicate vowel quantity in the first and second syllable.
Figure 4 shows relatively flat pitch contours in both syllable
positions. There was, however, a slight lowering of FO in
both quantities in the first syllable. By contrast, in the second
syllable position, both quantities 1 and 2 followed a rela-
tively flat pattern. Moreover, FO was lower in quantity 2 than
in quantity 1, in line with the significant negative effect.
Although the difference between the quantities is more
clearly visible in the second syllable, it was consistent in
both syllable positions, in agreement with the model not
finding an interaction.

—
200- \
~
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g Quantity
£ =1
Z190- Q2
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o
[

180-

Syllable number

FIG. 3. Maximum FO values of short and long quantity by syllable position
(interviews).
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FIG. 4. Average time-normalized pitch contours by syllable position for
vowels in short and long quantities (interviews).

Since the effect is rather small, however, a relevant
question is whether quantity impacted FO in the same way
for all of the speakers. In order to test this, quantity was
adjusted for each speaker as a random by-speaker effect in
an alternative mixed-effects model. However, this more
complex model was not significantly better than the reported
model of maximum FO (p = 0.955, y*=0.1). Thus, there was
no indication for a significant variation between the speakers
with respect to the effect of quantity on FO.

To assess the variation of the FO movement visible in
Fig. 4 more directly, we analyzed FO slope. For calculating
the FO slope, minimum FO was subtracted from maximum
FO and the result was divided by the result of subtracting the
time of the FO minimum from the time of the FO maximum.
The values of the FO slope make it possible to trace the gen-
eral direction of FO contours, as well as the extent of FO
movement within a certain timeframe. Positive values are
associated with a rise and negative values with a fall.
Steeper FO contours are shown as larger slope values. The
analysis discarded outlier values above 4000 Hz/s and below
—4000 Hz/s (0.5% of the data).

Figure 5 illustrates the FO slope for both quantities by
syllable position. As visible in Fig. 4, vowels in the first sylla-
ble position displayed slightly falling FO for both quantities,
resulting in negative slope values. Overall, quantity 2 carried
a less steep fall than quantity 1 vowels, resulting in less nega-
tive slope values. Figure 5 moreover displays a difference
between syllable positions, with steeper falls in first syllables.
However, this difference was noticeably smaller for quantity
2 vowels than for quantity 1 vowels. At the same time, the
two quantities had overlapping confidence intervals and very
similar mean values close to 0 in the second syllable.

Accordingly, the best model of FO slope for the inter-
views data included an interaction of quantity and syllable
number (p = 0.006, y>=7.5). The negative estimate for the
intercept (estimate = —503.95, SE=63.98, r=-7.877)
reflects the fact that FO overall had a tendency to fall. The
model further suggests that the FO slope was significantly
less negative in quantity 2 (estimate =237.87, SE =66.45,
t=3.580) and in the second syllable position (estimate
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FIG. 5. FO slope of vowels in short and long quantity by syllable position
(interviews).

=368.71, SE=52.22, t=7.061). However, the interaction
between the two factors was associated with a negative
estimate, indicating that both effects were significantly
reduced when combined (estimate = —268.04, SE=97.17,
t=—2.758). Thus, the difference between the quantities
was neutralized in the second syllable, where FO slopes
where flat for both quantities, as visible in Fig. 4.

2. Lab recordings

In contrast to the interview data, the data from the lab
recordings displayed two different patterns for maximum
and minimum FO values (see Figs. 6 and 7). Maximum FO
measurements were very similar across all conditions,
although values were slightly lower for the long quantity and
in the second syllable position. Minimum FO measurements
were likewise lower in quantity 2, but showed higher values
in the second syllable position. Overall, minimum FO meas-
urements had clearer differences between the conditions.

Since measurements of minimum and maximum FO val-
ues were different from each other, both of them were ana-
lyzed. For maximum FO, the linear mixed-effects model

%
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<
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©
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224- i
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FIG. 6. Maximum FO values of short and long quantity by syllable position
(lab recordings).
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FIG. 7. Minimum FO values of short and long quantity by syllable position
(lab recordings).

analysis showed no significant difference between any of the
models. Thus, the best model was the simplest model with
no fixed predictors, including only random factors word and
vowel. Unlike the best model of maximum FO for the inter-
views, where syllable number and quantity were significant
predictors, there was no effect of the experimental factors
for maximum FO values obtained from one speaker’s produc-
tion of words in stable carrier sentences. Most of the var-
iance visible in Fig. 6 was thus explained by the variation
between different words and vowels.

By contrast, the best model of minimum FO included
syllable number as a significant predictor (p = 1.529 x 10~ ",
x> =54.5). Adding quantity only marginally improved the
model fit (p = 0.066, }(2 =3.4), and an interaction between the
predictors was not significant (p =0.834, 7> < 1). The model
indicated that minimum FO values for the lab recordings were
marginally lower in quantity 2, and significantly higher in the
second syllable (estimate =9.659, SE = 1.049, r =9.21).

Figure 8 shows average time-normalized pitch contours.
It is structured like Fig. 4, but additionally displays contours
for monosyllabic words, which resembled those of second
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FIG. 8. Average time-normalized pitch contours by syllable position for
vowels in short and long quantities (lab recordings).
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syllables in disyllabic words. But also for disyllabic words,
mean FO contours differed from those of the interview data.
Here, both quantities followed a falling pattern in the first syl-
lable, with virtually congruent time-normalized contours.
Moreover, whereas FO contours for both quantities were rela-
tively flat in the second syllable position in the interview data,
once Yakut disyllabic words were produced in a constant car-
rier phrase, they frequently showed rising FO on the second
syllable, especially in quantity 2. In quantity 1, a much flatter
rise appeared when the preceding syllable also contained a
quantity 1 vowel, whereas quantity 1 vowels preceded by
quantity 2 vowels showed a minimal rise followed by a small
fall, similar to quantity 1 vowels in monosyllabic words.

Correspondingly, the best model of the FO slope for the
lab recordings (calculated the same way as for the interview
data, excluding 7% of the data as outliers according to the
same criterion) included a significant interaction between
quantity and syllable number (p = 0.006, > =7.44).

Like for the interview data, the model included a negative
intercept (estimate = —595.61, SE=42.14, = —14.136),
reflecting an overall tendency toward falling FO, while indicat-
ing that quantity 2 vowels had less steeply falling slopes
(estimate =367.20, SE=61.90, t=5.932) than quantity 1
vowels. Slopes in the second syllable were more positive than
in the first syllable (estimate = 388.49, SE =61.68, = 6.298).
As for the interview data, the interaction between the factors
was associated with a negative estimate (estimate = —259.41,
SE =92.85, t = —2.794), suggesting that each effect was weak-
ened when combined with the other one. Figure 8 shows that
first syllable vowels in both quantities realized almost identical
falls (with the exception of monosyllabic words), but since
quantity 1 vowels had shorter durations, the same fall corre-
sponded to a steeper slope, as illustrated in Fig. 9. By contrast,
time-normalized contours diverged in second syllables, and the
longer rises in quantity 2 spanned a wider FO range. Note also
that whereas the mean FO contours in Figs. 4 and 8 differ, slope
values displayed a similar pattern for both data sets.

Finally, as mean FO contours of monosyllabic words
resembled those in second syllables of disyllabic words, mostly
displaying a rise that was larger in quantity 2, we fitted another
model with stress as a predictor instead of syllable number.
Since stress is word-final in Yakut, this grouped monosyllabic
words with second syllables. The resulting model contained
more pronounced effects and provided a better fit than the
model with syllable number as a predictor (p=2.2x 10~'°,
12: 34.6). However, it confirmed the same pattern as the
previous model, i.e., significant positive main effects of
quantity (p=4.107x 1077, »*=25.6; estimate =469.17,
SE=67.08, 1=6.994) and stress (p=7.871x 107", »*
= 55.8; estimate = 525.79, SE =59.21, t =8.881), as well as a
significant interaction between them (p=1958x 107>,
7> = 18.2; estimate = —398.37, SE = 89.81, t = —4.436).

C. Intensity

1. Interviews

In order to investigate the effect of vowel quantity on in-
tensity in Yakut, this section evaluates three measurements of
intensity: first, mean intensity within the center of vowels,
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FIG. 9. FO slope for vowels in short and long quantity by syllable position
(lab recordings).

i.e., measured during the middle 50% of the vowel duration to
exclude any influence of the consonants; second, maximum
intensity for the center of vowels; and third, mean intensity
for the whole vowel. Interestingly, all the measurements’
results looked very similar. Therefore, the analysis concen-
trated on maximum intensity within the center of the vowel
(Fig. 10).

Model comparisons determined that the best model of
intensity for the interview data included quantity as its only
predictor. Adding syllable number as a predictor did not
result in an improved fit (p =0.986, > < 1), and neither was
an interaction between quantity and syllable number found
(p=0.967, > < 1).

The model suggested that measurements of maximum
intensity were significantly higher in quantity 2 than in quan-
tity 1 (estimate = 0.4924, SE =0.2010, t =2.45), a trend that
is visible in Fig. 10. In general, the effect of Yakut quantity
on intensity was however very small in the data obtained
from the interviews, with considerable overlap of measure-
ments and very similar mean values in all conditions. Still,
the model provided a better fit to the data than a model with
no predictors (p = 0.026, y>=5.0), and was likewise superior
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FIG. 10. Maximum intensity for the center of vowels (interviews).
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FIG. 11. Maximum intensity for the center of vowels (lab recordings).

to a model with syllable number as its only predictor
(p=22x10""% *=5.0).

2. Lab recordings

This section evaluates the same three measurements of
intensity as analyzed for the interview recordings. Again,
results for all three measurements looked quite similar, so
statistical analyses concentrated on maximum intensity
within the center of the vowel (Fig. 11).

The best linear mixed-effects model included only sylla-
ble number as a predictor (p=1.162x 10, 1¥=192).
Adding the factor quantity or an interaction between both fac-
tors did not improve model fit (p=0.586, ¥*=0.3 and
p=0.129, y*=4.1, respectively). The model including sylla-
ble number alone further outperformed a model that had only
quantity as a predictor (p=2.2 x 107'°, *=18.6). Intensity
was a little lower in the second syllable position
(estimate = —0.9175, SE = 0.2050), and this result was signif-
icant (t=—4.48). In contrast to the interview recordings,
where quantity was a significant predictor of maximum inten-
sity, syllable position was a better predictor in the lab record-
ings. Notice, however, that as for the interview data, all three
measurements of intensity showed a large overlap between all
conditions.

IV. DISCUSSION AND CONCLUSION

This study was aimed at revealing phonetic correlates of
vowel quantity in Yakut. The binary opposition between long
and short vowel quantity was described based on acoustic
measurements from two types of data, spontaneous speech
(“interviews”), and controlled read production in a phonetics
laboratory (“lab recordings”). Since similar data were
extracted from spontaneous speech and lab recordings, and
both data sets were analyzed the same way, this allowed for
an accurate comparison of the acoustic correlates of quantity
in the two types of speech. This allowed us to investigate the
acoustic correlates that remain stable across speech types and
can thus be considered primary cues to quantity, as well as
the correlates that vary under the influence of other factors.
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The present study thereby differed from existing studies of
quantity, which have almost exclusively been based on data
recorded in controlled environments. Moreover, the current
study investigated Yakut, an understudied language on which
no systematic acoustic research has been conducted so far.
Interestingly, while the study was aimed at finding correlates
of quantity, its results shed some light on other aspects of
Yakut prosody, as well.

This section will discuss findings for duration, intensity,
and FO in turn. Previous statements about vowel quantity in
Yakut solely mention durational differences as a correlate of
quantity (Krueger, 2012). As expected from this assessment,
measurements of duration in both interviews and lab record-
ings showed a robust durational difference between short
and long quantity. That is, long vowels were significantly
longer than their short counterparts. This distinction was
clearer in the lab recordings, where target words were pro-
duced in identical frame sentences by a single speaker.
Nevertheless, the durational contrast was clearly maintained
for the interview data, as well. By contrast, larger differences
between the two types of speech appeared for the other two
investigated acoustic parameters, as discussed below.

While the data showed a consistent durational marking
of quantity, vowel durations were not influenced by quantity
alone. In addition, syllable number appeared to be a signifi-
cant predictor of duration. In both interview data and lab
recordings, vowels in both quantities had longer durations in
the second syllable position than in the first syllable. This
finding can be related to an observation by Krueger (2012),
who notes that the second vowel is slightly longer when two
successive syllables contain the same vowel, for example, in
the word kykyr “large.” Interestingly, a consistent vowel
lengthening in the second syllable was observed in the pres-
ent study, generalizing Krueger’s finding across different
vowel phonemes (which were taken into account as random
effects) and both quantities. Since consistently longer dura-
tions appeared in final syllables, corresponding to the stress
position in Yakut (Anderson, 1995, 1998), it is likely that
lengthening is a correlate of stress and/or accent, although
Samsonova described Yakut stress as not distinctly promi-
nent articulatorily (Samsonova, 1959, p. 21; but note that
Krueger, 2012, referred to the second vowel in words like
kykyr as “accented”). Further studies are needed to deter-
mine how stress and/or accent affect duration in Yakut. In
addition, a more detailed analysis should control syllable
shape, particularly moraic structure, since compensatory
lengthening of stressed vowels has been observed, e.g., in
Washo (Yu, 2010; also see Mixdorff et al., 2002, on length-
ening of codas with preceding short vowels in Thai).

In addition to being consistently marked by duration,
quantity also showed effects on the other two acoustic param-
eters, intensity and FO. Here, differences between read and
spontaneous speech were larger than for duration. Both data
sets exhibited only small intensity differences and large over-
lap between conditions. Analyses suggested a significant
effect of quantity for the interview data, with higher intensity
in long vowels, which afforded more durational space for
reaching higher values, but there was no indication of a quan-
tity effect for the lab recordings. Instead, intensity was
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significantly lower for second syllable vowels than for those
in first syllables, indicating a clear intensity downtrend over
the course of the word and, potentially, the utterance (on in-
tensity declination and its relation with duration and FO, e.g.,
see Pierrehumbert, 1979; Streeter, 1978; Strik and Boves,
1995).

Even more noticeably, FO patterns differed between
spontaneous and read speech. In the spontaneous data, pitch
contours appeared at an overall lower level in quantity 2
than in quantity 1, reflected by significantly lower maximum
FO values. This effect was absent from the lab data.
However, the two data sets not only differed in FO height,
but also in the shape of the FO contours. Interestingly, analy-
ses of FO slope revealed the same pattern for both data sets:
more positive slope values in quantity 2 and for final sylla-
bles, but an interaction associated with a negative estimate.
As the normalized FO contours indicated, the pattern was
due to falling FO on the first syllables of disyllabic words,
with the same fall translating to a steeper slope in the shorter
quantity 1 vowels, and non-falling FO on second syllables.
The difference between the data sets was thus localized to
second, final syllables. Whereas the interview data showed
uniformly flat averaged FO in both quantities, the lab record-
ings mostly displayed clear rising contours in quantity 2 and
a slight rise or rise-fall in quantity 1, depending on the quan-
tity of the preceding vowel.

The differences between FO contours of spontaneous and
read speech are most likely explained by utterance- or phrase-
level prosodic characteristics affecting FO of individual
words. Whereas words were extracted from various parts of
spoken phrases for the interview data, target words were con-
sistently produced phrase-medially in a carrier sentence for
the lab recordings. In particular, it is likely that the speaker
interpreted and realized the target words as being in narrow
focus (for a definition and semantic account of focus, e.g., see
Krifka, 2008). Reading a list of near-identical sentences that
only differ in one target word will almost invariably cause the
speaker to realize this word as the focus of the sentence,
unless she imagines her utterances as answers to questions fo-
cusing a part of the frame sentence every time (e.g., Should I
say the word____later? — Say the word___ NOW). Thus, it is
likely that the FO rise visible in the lab recordings constituted
a prosodic correlate of focus, especially since it consistently
appeared on the stressed syllable.

Since the data did show effects of quantity on FO, the
question arises whether FO is an independent quantity corre-
late, in contradiction to the statement by Krueger (2012), or
whether these effects are simply a by-product of the dura-
tional differences. As discussed by Yu (2010), durational dif-
ference and FO are related in many languages; namely,
vowels that have rising tones are longer and vowels with
falling tones are shorter, while vowels with low tones have
longer durations than those with high tones. Both data sets
analyzed here roughly conformed to these generalizations:
First syllables showed a falling FO and shorter vowel dura-
tions in both quantities for both data sets. In second sylla-
bles, where durations were longer, FO contours rose slightly
for most conditions in the lab recordings and were flat on a
low level in the interview data. Another consistent pattern in
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the relation between FO and duration is an association of
static FO with shorter duration on the one hand and of
dynamic FO with longer duration on the other hand (Yu,
2010). Also in non-tonal languages like Finnish, this associa-
tion influences quantity perception (Kinoshita et al., 2002;
Jarvikivi et al., 2010), and is likewise reflected in production
(Vainio et al., 2010). The present finding of steeper falls for
quantity 1 on first syllables at first glance seems at odds with
this generalization. However, the mean FO contours sug-
gested that instead of an inherent quantity difference, this
finding simply reflects the fact that a similar FO fall was real-
ized in a shorter time for quantity 1 vowels. Thus, second
syllables might be a more likely candidate for an inherent
distinction between static and dynamic contours as cues to
quantity: In the lab recordings, vowels in the long quantity
carried rising FO, whereas FO was more flat for quantity 1
vowels. This pattern was a mirror image of the study by
Vainio et al. (2010) where Finnish speakers produced heavy
syllables with a falling FO contour and light syllables with a
more static pitch in the word-initial position. As stress is ini-
tial in Finnish, but final in Yakut, quantity differences in FO
in both languages appeared in prosodically prominent loca-
tions. Noticeably, all other studies finding FO cues to quan-
tity in Finnish have focused on first syllables, as well. Contra
the description by Vainio et al. (2010) of different tonal tar-
gets, several authors have concluded that FO is not a primary
cue to quantity in Finnish, but a secondary cue underlining
duration via the alignment of a uniform tonal contour with
the phoneme string: When the initial vowel only carries
static high pitch, it has to be short, because a long vowel
would have provided time for a fall (Arnhold, 2014; O’Dell,
2003; Suomi, 2005, 2009). In line with this, Finnish native
speakers base their quantity judgments on FO cues only
when durational information is ambiguous (Jarvikivi et al.,
2010). That FO in Finnish is a secondary cue that co-varies
with duration is further exemplified by data showing that
native Finnish listeners are unable to use FO cues to distin-
guish quantity 2 and quantity 3 in Estonian (Lippus et al.,
2009), where FO functions as the primary cue for this distinc-
tion, whereas duration is crucial for the contrast between
quantity 1 and quantity 2 (Lippus et al., 2007, 2009, 2011).
As no uniform tonal correlates of quantity appeared
across the syllable positions and data types in the present
analyses, whereas durational distinctions were stable even in
spontaneous speech, it seems unlikely that pitch is an inde-
pendent cue to quantity in Yakut. Thus, like for Finnish, a
uniform postulation of distinct tonal targets for each quan-
tity—one FO contour expected to appear on all quantity 1
vowels and one expected on all quantity 2 vowels like lexi-
cal tones—seems inappropriate. Rather, the present findings
suggest that quantity differences in FO may arise from the
interaction of duration with FO movements associated with
word- or utterance-level prosody, although more research is
needed to confirm this interpretation. Even if duration is
likely the primary acoustic correlate of vowel quantity,
native Yakut speakers might well be sensitive to and cued by
pitch contours in cases where durational cues are less acces-
sible, like Finnish and Japanese listeners (Jarvikivi et al.,
2010; Kinoshita et al., 2002)—especially since in these
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languages FO could be a fairly systematic co-variant of dura-
tion in the quantity distinction. This is even more likely since
peoples’ perception and word recognition have been shown
to be very sensitive to a variety of phonetic detail (e.g.,
Hawkins, 2003; Smith et al., 2012). Ultimately, perception
studies are needed to investigate whether (and how) pitch
cues affect Yakut listeners’ identification of vowel quantity.

V. CONCLUSION

This study demonstrated that the Yakut vowel quantity
distinction is consistently marked through duration, in read
speech producing a list of target words in invariable frame
sentences as well in spontaneous speech. However, it also
found effects of quantity on FO and, to a lesser extent, on in-
tensity. It is thus possible that FO functions as a secondary
cue or covariant of duration in Yakut, similarly as in Finnish
and Japanese. On initial syllables of disyllabic words in read
as well as spontaneous speech, both quantities showed nearly
identical FO falls that corresponded to a steeper slope for the
shorter quantity. On final, stressed syllables, FO contours
showed larger differences between quantities as well as
between the two data sets. In particular, while FO was flat in
spontaneous speech, with a lower level for long vowels, an
FO rise appeared in read speech, which was more extensive
in long quantity. This difference between the two types of
data was likely connected to the production of target words
in invariable frame sentence for the read speech data, sug-
gesting that the FO rise observed on the stressed syllable is a
prosodic correlate of narrow focus. However, since neither
overall pitch movements within an utterance nor prosodic
focus marking have been investigated for Yakut, more
research is needed to confirm this hypothesis.
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