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ABSTRACT 

 
This paper examines the role of voice quality in the 
development of tonal and vowel height contrasts that 
accompany tonogenesis. The study focused on 
Eastern Khmu because it maintains a contrastive 
onset voicing, unlike other varieties of Khmu which 
have undergone tonogenesis and lost this contrast. 
The study shows that pitch and vowel height 
differences on following vowels accompany the onset 
voicing contrast without any concomitant voice 
quality difference. These findings suggest that voice 
quality is not an obligatory factor in deriving tonal 
and vowel height contrasts. Additionally, the study 
suggests that a tonal or vowel height language can 
emerge directly from a reanalysis of onset-induced 
acoustic perturbations such as pitch and vowel height 
without a stage where voice quality is contrastive. 
 
Keywords: Tonogenesis, Register, Tone, Voice 
quality, Vowel height, Khmu 

1. INTRODUCTION 

Cross-linguistically, particularly in the Austroasiatic 
language family, there exist languages in which onset 
voicing in the proto-language corresponds to present 
(f0-based) tonal and vowel height contrasts. The 
proto-onset voicing also corresponds to present 
register contrasts in some other languages. Register 
typically consists of a binary contrast, high and low 
register, that encompasses laryngeal (such as voice 
quality and pitch) and supralaryngeal properties (such 
as vowel quality) [1, 2]. The contrasts are 
summarized in Table 1. 
 

Contrasts *pa *ba Example 
Tonal (f0) Higher f0 Lower f0 N. Khmu 
Vowel 
height 

More open 
vowels 

More close 
vowels 

Standard 
Khmer 

Register Higher f0 Lower f0 Mon 
Modal 
voice 

Breathy 
voice 

More open 
vowels 

More close 
vowels 

 

Table 1: Summary of contrasts conditioned by 
onset voicing 

The present contrasts emerge from the loss of 
onset voicing [3] through a process called tonogenesis 
[4] or registrogenesis [5]. Some scholars propose that 
a stage with contrastive voice quality, which is a part 
of register contrast, is an obligatory intermediate 
stage between the stage with onset voicing contrast 
and the stage with f0-based tonal contrast or vowel 
height contrast [e.g., 3, 6]. In other words, voice 
quality is considered an obligatory stage in 
emergence of pitch contrasts [7, 8] or vowel height 
contrasts [8]. However, recent studies have shown 
that a pitch contrast can derive directly from the loss 
of onset voicing contrast without going through an 
intermediate stage with a voice quality contrast [9]. 
Although evidence for the emergence of vowel height 
contrast has not been found, the possibility of 
deriving contrasts without an obligatory intermediate 
stage suggests alternative pathways, as summarized 
in Fig. 1. 

 

 
 

Figure 1: Two possible pathways of 
tonogenesis/registrogenesis 

 
In this paper, I aim to investigate whether voice 

quality is an obligatory factor in deriving f0-based 
tonal contrast and vowel height contrast. There are 
two opposing hypotheses: (i) voice quality is an 
obligatory factor, and (ii) voice quality is not an 
obligatory factor. 

To explore this, I focus on Eastern Khmu, an 
Austroasiatic language at the first stage of 
tonogenesis where onset voicing contrasts are still 
present. According to Premsrirat [10], there are 
Eastern Khmu dialects with onset voicing contrast 
(Stage I in Fig. 1-i), Northern Khmu dialects with 

14. Phonetics of Sound Change ID: 532

3036



register (voice quality-based) contrast (Stage II in 
Fig. 1-i), and Northern and Western Khmu dialects 
with tonal (f0-based) contrast (Stage III in Fig. 1-i). 

If voice quality is an obligatory factor (Fig. 1-i), 
we would expect that in Eastern Khmu, when the 
difference in voice quality of the vowel following 
voiced and voiceless onsets is not present, there 
should not be differences in pitch and vowel height. 
On the other hand, if voice quality is not an obligatory 
factor (Fig. 1-ii), the differences in pitch and vowel 
height can be present, even if the difference in voice 
quality is not present. The predictions in the case that 
the voice quality difference is not present are 
summarized in Table 2. 

 
Differences (i) Voice quality 

is obligatory 
(ii) Voice quality 
is not obligatory 

Voice quality ✕ ✕ 
Pitch ✕ ✓ 
Vowel height  ✕ ✓ 

 

Table 2: Predictions in the case that the voice 
quality difference is not present for the hypothesis 
 
The findings of the acoustic study we present 

indicate that the predicted differences in voice quality 
are not present in the vowels following voiced and 
voiceless onsets, yet differences in pitch and vowel 
height are observed. These results suggest that pitch 
and vowel height can undergo transphonologization 
directly from onset voicing, bypassing an 
intermediate stage where voice quality is contrastive. 

2. METHODS 

2.1 Data collection 

The study was conducted with 19 native speakers of 
E. Khmu (14F; 5M). All participants are bilingual in 
Thai. None of the participants reported any speech or 
hearing impairments. The target words consisted of 
monosyllabic or sesquisyllabic Khmu words with /iː, 
uː, eː, oː, aː/ vowels in the main syllables. The onsets 
of the target syllables were limited to alveolar and 
velar consonants, and included voiced stops, 
voiceless (unaspirated) stops, and voiceless aspirated 
stops. The participants were prompted to produce the 
target words in a carrier sentence with five 
repetitions, using Thai translations of the target words 
displayed on a screen and pronounced by a native 
Thai speaker. This method was chosen due to the lack 
of a writing system in E. Khmu and the possibility of 
some participants being unable to read Thai. Audio 
recordings of the participants were made using a 
Shure SM10A head-mounted microphone and an 
audio interface Roland OCTA-CAPTURE connected 
to a PC laptop, with a sampling rate of 44.1 kHz. 

2.2 Data processing 

The acoustic measurements extracted from the vowel 
of the target words were fundamental frequency (f0), 
First Formant (F1), and the amplitude difference 
between the first and second harmonics (H1-H2) and 
Cepstral Peak Prominence (CPP), which have been 
reported to successfully distinguish voice quality 
[11]. To extract f0, a cross-correlation algorithm in 
Praat [12] was used (window size: 13.3 ms for male, 
10 msec for female; time step: 3.3 ms for male, 2.5 
ms for female). For F1, the Berkform toolbox [13], a 
MATLAB toolbox for formant tracking with a Robust 
LPC algorithm, was used. H1-H2 was obtained from 
the inverse-filtered FFT spectra using a function in 
the Voicebox toolbox [14] in MATLAB. Finally, CPP 
was obtained from real cepstra extracted by a function 
in the Signal Processing toolbox [15] and calculated 
following the method in [16]. The window size and 
time step of F1, H1-H2, and CPP tracking were three 
times the size of those used for f0 tracking. 

2.3 Data analysis 

The acoustic trajectories of target vowels were 
analyzed using Generalized Additive Mixed Models 
(GAMMs) fitted with the R package mgcv [17]. Each 
acoustic measure (f0, F1, H1-H2, CPP) was used as a 
dependent variable, while onset voicing was the main 
predictor. Prior to the analysis, each acoustic 
trajectory was time-warped to have 40 datapoints 
using MATLAB's linear interpolation function. The 
subject was included as random smooths. Places of 
articulation (alveolar and velar) were included as a 
fixed effect in the null models with F1 as a response. 
For the corresponding alternative, an interaction with 
onset voicing was also included. Place of articulation 
is included only for model with vowel /iː, uː, aː/, since 
they have a full cross set of the onset voicing and the 
place of articulation.  

Separate models were fitted for each vowel 
phoneme: /iː, uː, eː, oː, aː/. In total, there were 20 
models (4 cues x 5 vowels) that were each compared 
with a corresponding null model without the fixed 
effect of onset voicing using a likelihood ratio test.  

3. RESULTS 

3.1 F0 

Based on Table 1, we expect that vowels following 
voiced onsets will exhibit a lower f0 compared to 
vowels following voiceless onsets. The results reveal 
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Figure 2: GAMM fitted f0 trajectories following voiced (red) and voiceless stops (green) (top) and the predicted mean 
difference across onset categories (bottom); dashed lines represent vowels following voiceless aspirated stops 

 
that, as predicted, f0 values are lower following 
voiced onsets, at least at the onset of all vowels. 
Vowel /eː/ maintains the difference in f0 between 
following voiced and voiceless onsets throughout the 
entire trajectory, although the differences are more 
significant at the onset of the trajectories. The vowels 
following voiceless aspirated stops pattern with those 
following voiceless stops, as illustrated in Fig. 2 
above. 

3.2 F1 

According to Table 1, vowels following voiced onset 
are expected to display lower F1 (higher vowel) than 
those following voiceless onsets. The results indicate 
that F1 values are lower after voiced onsets, as 
expected, at least at the beginning of all vowels. 
Vowels /iː, eː, oː/ show a sustained difference in F1 
between following voiced and voiceless onsets 
throughout the entire trajectory, with larger 
differences at the onset of the trajectory. Vowels 
following voiceless aspirated stops display similar 
patterns to those following voiceless stops, as 
illustrated in Fig. 2. 

Moreover, the effect of voicing persists despite the 
presence of place of articulation being included as a 

fixed effect. Vowels following velar onsets have 
lower F1 than those following alveolar onsets, but the 
effect of voicing remains evident, as shown in Fig. 3 
below. 

3.3 H1-H2 

According to Table 1, we expect vowels following 
voiced onset to display higher H1-H2 (breathy voice) 
than vowels following voiceless onsets (modal 
voice). The results show that only vowel /oː/ displays 
higher H1-H2 following voiced onsets, as expected, 
and retains the difference in H1-H2 throughout the 
whole trajectory. However, unexpected patterns are 
observed for the other vowels. Vowels /eː, aː/ display 
higher H1-H2 values following voiced onsets, but not 
at the beginning of the trajectories. The trajectories of 
vowels /iː, uː/ display lower H1-H2 following voiced 
onsets than following voiceless onsets (breathy 
following voiceless onsets). The difference very 
small (~1–2 dB) for all vowels. Vowels following 
voiceless aspirated stops, again, pattern with those 
following voiceless stops, except for vowel /aː/. See 
Fig. 4 on the next page.

 

 
 

Figure 3: GAMM fitted F1 trajectories following voiced (red) and voiceless stops (green) (top) and the predicted mean 
difference across onset categories (bottom); dashed lines represent vowels following velar stop
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Figure 4: GAMM fitted H1-H2 trajectories following voiced (red) and voiceless stops (green) (top) and the predicted mean 

difference across onset categories (bottom); dashed lines represent vowels following voiceless aspirated stop 
 

3.4 CPP 

According to Table 1, it was expected that vowels 
following voiced onset would display lower CPP 
(breathy) than vowels following voiceless onsets 
(modal). However, the results show that only vowel 
/eː/ displays lower CPP following voiced onsets than 
following voiceless onsets, and retains the difference 
in CPP throughout the whole trajectory. The 
difference is more prominent in the middle of the 
trajectories. Unexpected patterns (breathy following 
voiceless onsets) are observed for CPP trajectories of 
the other vowels. These trajectories display higher 
CPP following voiced onsets than following voiceless 
onsets, either at the beginning of the trajectories or 
throughout the whole trajectories. The difference is 
minimal (~1 dB) for all vowels. The corresponding 
figures can be found in Fig. 5 below. 

4. DISCUSSION 

The findings of this study indicate that the E. Khmu 
variety exhibits differences in f0 and F1 values across 
vowels following voiced and voiceless onsets. 

However, while some vowels exhibit differences in 
voice quality across onset voicing categories, these 
differences are not consistent and do not align with 
the predictions as outlined in Table 2-ii. Thus, I 
conclude that voice quality is not an obligatory factor 
in deriving a tonal contrast based on f0 and a vowel 
height contrast based on F1 in this dialect. 

These results suggest that an onset voicing 
language such as the E. Khmu could directly develop 
a tonal contrast or a vowel height contrast from a 
reanalysis of f0 and F1 differences, similar to other 
Austroasiatic languages, without the need for a prior 
contrast in voice quality. Moreover, the saliency of 
the observed differences at the beginning of the 
vowels indicates that they are likely an effect of onset 
voicing, a pattern that has been observed in other 
languages [e.g., f0: 18, 19, 20; F1: 21, 22]. Previous 
research has attributed f0 and F1 differences 
accompanying voicing to articulatory mechanisms 
that either facilitate or hinder voicing, such as larynx 
lowering, tongue root advancement [23, 24, 25, 26], 
or vocal fold tension [27]. We thus hypothesize that 
onset voicing in E. Khmu may involve one or more of 
these mechanisms. 

 

 
 

Figure 5: GAMM fitted CPP trajectories following voiced (red) and voiceless stops (green) (top) and the predicted mean 
difference across onset categories (bottom); dashed lines represent vowels following voiceless aspirated stops 
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