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Abstract 
This paper investigates the relative timing of onset consonant 
and vowel gestures in Tibetan as spoken in the Tibetan diaspo-
ra. According to the coupled oscillator model of articulatory 
timing (Browman & Goldstein 2000, Nam & Saltzman 2003), 
the most readily-available coupling modes among gestures are 
in-phase (synchronous) or anti-phase (sequential) timing, with 
competition among these modes also giving rise to a stable 
timing pattern. The model predicts that other timing relations, 
i.e. ”eccentric timing”, are possible but not as readily avail-
able. Data gathered using electromagnetic articulography 
(EMA) shows relative C-V timing consistent with either com-
petitive coupling or eccentric timing. Competitive coupling is 
a plausible explanation for CV syllables in a tone language 
(Gao 2008), but acoustic analysis showed that some speakers 
do not produce a pitch contrast corresponding to tone. In the 
apparent absence of a tone gesture, we conclude that these 
speakers exhibit eccentric C-V timing. 
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1. Introduction 
Languages differ in how articulatory gestures are coordinated 
in time, including the relative timing between consonants and 
vowels, i.e., C-V timing. Previous work has observed that in 
lexical tone languages, such as Mandarin (Gao 2008), Thai 
(Karlin 2014), and Lhasa Tibetan (Hu 2016), the lag between 
consonant and vowel gestures (C-V lag) is longer than in non-
tonal languages, such as English (Löfqvist & Gracco 1999). 
Additionally, C-V lag is longer for tonal syllables than non-
tonal syllables in Mandarin (Zhang et al. 2019). These obser-
vations support treating tone as an articulatory gesture (Gao 
2008; Niemann et al. 2011) which can be organized with other 
gestures as competitively-coupled oscillators (Browman & 
Goldstein 2000, Nam & Saltzman 2003).    
 In the present study, we focus on Tibetan as spoken in the 
diaspora enclaves in South Asia and around the world, outside 
of traditional Tibetan-speaking regions. Speakers raised in 
these communities are exposed to a mixed linguistic input 
comprising speakers of tonal and non-tonal Tibetan dialects, 
along with extensive contact with other languages. Of these 
diaspora-raised speakers, some produce a tone contrast while 
others do not. This fact makes diaspora Tibetan speakers a 
unique case in which to test the effect of tone on articulatory 
timing. 

1.1. Coupling relations 
Pairwise coupling relations are a prominent way to account for 
the timing of gestures in Articulatory Phonology. By hypothe-
sis, any relative phasing of gestures is possible, but two cou-

pling modes are considered to be intrinsically stable: in-phase 
(synchronous) and anti-phase (sequential) (Saltzman & Byrd 
2000). Language-specific timing patterns can arise from the 
interaction of these two coupling modes, as in the case of 
competitive coupling. Competitive coupling has been invoked 
to explain the partial overlap in onset consonant clusters (Nam 
& Saltzman 2003, Goldstein et al. 2000) as well as the differ-
ence in C-V timing between languages with and without lexi-
cal tone (Gao 2008). A schematic depiction of coupling graphs 
and their associated gestural scores is shown in Figure 1. The 
first two diagrams depict (a) in-phase coupling and (b) anti-
phase coupling using common examples of a CV syllable and 
a CC sequence, respectively. In Figure 1(c), competitive cou-
pling is illustrated with anti-phase coupling of consonant and 
tone gestures and in-phase coupling of both with a vowel ges-
ture.  
 While in-phase, anti-phase, and competitive coupling 
should be most readily available to speakers, cases of other 
timing relations are possible as well. Other timing relations are 
called eccentric timing (Goldstein 2011) and represent any 
timing values besides those already mentioned. Importantly, 
eccentric timing allows a pairwise timing between two ges-
tures similar to that found in cases of competitive coupling, as 
illustrated in Figure 1(d). 

(a)    (b)  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Figure 1: (a) In-phase and (b) anti-phase coupling of 
articulatory gestures. (c) Competitive coupling of 

consonant, vowel, and tone gestures can result in simi-
lar C-V timing as (d) eccentric timing. 

1.2. Predictions 
As a language with lexical tone, Tibetan may be expected to 
show similar C-V lag to other tone languages. Following Gao 
(2008), a tone gesture with competitive coupling would predict 
a C-V lag value of ~50 ms. However, Tibetan as spoken in 



diaspora presents a high degree of diversity, with some speak-
ers lacking a tone contrast. Speakers who do not produce a 
tone contrast would be expected to exhibit in-phase C-V tim-
ing, and therefore ~0 ms C-V lag. Alternatively, with eccentric 
C-V timing, the C-V lag of non-tonal speakers could take on 
other values, including resembling that of tonal speakers. 

2. Methods 
Six native speakers (four female, two male) of Tibetan partici-
pated in this study. All were raised in Tibetan diaspora com-
munities in India and Nepal and were living in the United 
States.  
 Target items (N = 71) were one- and two- syllable words 
that varied in word-initial consonant (/m/, /p/, /pʰ/)  and tone 
(high-level and low-rising); first-syllable vowels drew from 
the set of back vowels in Tibetan: /u/, /o/, /a/. Speakers pro-
duced each item 4-10 times. Target words were presented us-
ing Tibetan orthography in the carrier phrase /t͡ sʰík t̪ǐ ____ t̪ǔk/ 
‘This word is ____.’ This phrase provided a front vowel pre-
ceding the target item, allowing the back vowel of the target 
item to be identified with tongue dorsum retraction. 
 Recordings were made using the NDI Wave EMA system 
using sensors aligned with each speaker's midsagittal plane. 
Consonant gestures were identified using lip aperture, the 
Euclidean distance between sensors on the upper and lower 
lips, and vowel gestures using movement in the longitudinal 
(anterior-posterior) dimension of a sensor placed on the tongue 
dorsum. Articulatory gestures were identified using Mview 
(Tiede 2005): the start time of gestures was identified as the 
point at which 20% of the maximum velocity toward the target 
was attained, and the attainment of gestural target was identi-
fied as the point at which velocity had reduced to 20% of the 
maximum velocity toward target. C-V lag was calculated as 
the difference in start time between consonant and vowel ges-
tures. 
 In order to identify which speakers produced a tone con-
trast, time-normalized F0 trajectories were analyzed for sys-
tematic differences by lexical tone category. Data for this 
analysis came from monosyllabic nasal-initial tokens (60 per 
speaker). The target syllables were identified as beginning 
with the acoustic start of the nasal consonant and ending with 
the end of a visible second formant at the onset of the follow-
ing stop closure. F0 was measured at ten evenly-spaced inter-
vals using a script (DiCanio 2012) in Praat (Boersma & 
Weenink 2018) 

3. Results 

3.1. Tone contrast status 
Four of the six speakers were found to produce a significant 
difference in F0 trajectories on nasal-initial syllables, which 
we interpret as evidence for a tone contrast in production. 
Generalized Additive Mixed Models (mgcv, Wood 2011; in R: 
R Core Team 2011) were fit to the data of each speaker, pre-
dicting F0 based on terms for lexical tone category, a smooth 
for normalized timestep, a difference smooth by lexical tone 
category, and random smooths by word. The difference 
smooth for two participants (one female, one male) was not 
significant, indicating they did not produce a lexical tone con-
trast. The difference smooth for the other four participants was 
significant. Raw pitch trajectories are presented in Figure 2. 

(a)  (b)  
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Figure 2: Time-normalized F0 trajectories on /mV/ 
syllables. F0 values are z-scored by speaker. Model 

comparison with GAMMs found significant differences 
by tone in (a)-(d) but not for (e)-(f) 

3.2. C-V lag 
Overall C-V lag values were similar to those observed in other 
languages with lexical tone, centering around 50 ms, and these  
values did not differ by tone. However,  C-V lag values were 
similar for speakers with and without tone contrasts, as estab-
lished in 3.1. C-V lag values according to tone contrast status 
are presented in Figure 3.  

 

Figure 3: C-V lag among speakers with tone contrast 
(solid line) and without tone contrast (dotted line). 

 Furthermore, we found that C-V lag is positively correlated 
with the duration of the onset consonant gesture. This held true 
for both speakers with and without the tone production con-
trast, as shown in Figure 4. This pattern is not expected if the 
gestures are in-phase (Shaw, Durvasula, Kochetov, 2019).  



 

Figure 4: Positive correlation of consonant gesture 
duration on C-V lag. 

These observations—the lack of difference across speakers by 
tonality, and the correlation of C duration on C-V lag—were 
substantiated using linear mixed-effects models (lme4; Bates 
et al. 2015). We performed a linear mixed-effects model analy-
sis of the relationship between consonant gesture duration and 
C-V lag. A baseline model included fixed effect of onset con-
sonant [m p pʰ] and random effects of speaker and lexical 
item. This was compared to a second model that also included 
a fixed effect of consonant duration. Comparison was also 
made to a third model that included a fixed effect of tonality: 
whether or not a speaker produced a tone contrast. As shown 
in Table 1, the inclusion of consonant duration led to an im-
provement over the baseline model, but the further inclusion 
of tonality did not further improve the model. 

Table 1: Comparison of linear mixed-effects models 
shows improvement with consonant duration, but no 
improvement with tone contrast status of speakers. 

4. Discussion and conclusion 
 Observed C-V lag values were around 50 ms and  were 
positively correlated with consonant gesture duration, consis-
tent with both competitive coupling and eccentric timing. 
However, speakers lacking a tone contrast exhibited similar C-
V lag to speakers with a contrast, which we interpret as evi-
dence that non-tonal speakers, at least, use eccentric timing. 
This is because these speakers lack a tone gesture, and so do 
not have another gesture with which to make competitive cou-
pling possible. We further rule out the possibility of C-V tim-
ing being anti-phase because the C-V lag values are substan-
tially less than consonant duration (even defined as just the 
closing phase of the consonant gesture).  
 We thus conclude that while tone-contrasting Tibetan 
speakers may use competitive coupling, the non-tonal speakers 
in our sample used eccentric timing. All the speakers in this 
study learned a pattern of C-V timing common to their com-

munity, and so some speakers must have accomplished this 
using eccentric timing (Marin & Pouplier 2010). Such eccen-
tric coupling is predicted to be possible (e.g. Goldstein 2011), 
but less likely than in-phase and anti-phase coupling, and the 
present study demonstrates an example of eccentric timing that 
mimics competitive coupling. 
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