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INTRODUCTION 

Tai Khamti (or Khamti; ISO 639-3: [kht]) is a vulnerable Southwestern Tai language 
spoken in Myanmar and India. Qualitative descriptions of the language agree on a two-
way contrast in the oral stop onset inventory between plain voiceless and voiceless 
aspirated stops. This is typologically unusual for Tai languages, in which a three-way 
stop phonation distinction is typical. While the historical phonological origins of 
Khamti’s two stop phonation categories are retrievable using the comparative method, 
no study has yet laid out this derivation explicitly, nor has the resulting contrast been 
described in phonetic terms, as far as we are aware.  

In this paper, our goal is to investigate Khamti onset phonation contrast from two 
complementary perspectives. Firstly, we explain Khamti’s aberration from the expected 
onset phonation categories of a modern Tai language in diachronic terms, tracing the 
historical origins of Khamti’s two onset stop phonation series. We show that (1) the plain 
voiceless stops are the result of a merger between Proto-Tai voiceless and voiced stops, 
(2) the voiceless aspirated stop series was innovated via sound changes affecting Proto-
Tai fricatives and onset clusters, (3) the voiced implosive stops of Proto-Tai have lenited 

ABSTRACT  
Whereas most Tai languages contrast three series of oral stops, Tai Kham6, an endangered 
Southwestern Tai language of Myanmar and India, is described as having just two: plain voiceless and 
voiceless aspirated. To the best of our knowledge, we present here the first acous6c phone6c analysis 
of this contrast, examining voice onset 6me (VOT) in 245 tokens from fieldwork recordings of two 
na6ve speakers. The results reveal a robust plain/aspirated contrast with a mean VOT difference of 
47.5 ms and a very large effect size (Cohen’s d = 3.03). We also trace the historical origins of this two-
way contrast through comparison with the onset inventory of Proto-Tai: the plain voiceless series 
reflects a merger of Proto-Tai voiced and voiceless stops, the voiceless aspirated series has a dual 
origin in Proto-Tai frica6ves and certain onset clusters, and Proto-Tai voiced implosive stops have 
lenited to nasal stops. We further show that Proto-Tai voicing contrasts are con6nued in Tai Kham6 
via tonal innova6ons. The synchronic acous6c and historical phonological analyses presented here 
document a previously underdescribed contrast, laying a founda6on for future inves6ga6on into 
tonogenesis in Tai Kham6 and in the Tai languages more broadly, where innova6ons affec6ng both 
onset laryngeal contrasts and exis6ng tonal contrasts must be traced. 
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to nasals, and (4) tonogenetic processes have transphonologized Proto-Tai onset voicing 
contrasts into tonal contrasts. Secondly, we document how modern Khamti’s two-way 
onset phonation contrast is realized. Using fieldwork recordings of two native speakers, 
we provide acoustic phonetic documentation of Khamti’s stop aspiration contrast, 
focusing on voice onset time (VOT) as one important cue, and leaving other potential 
cues (e.g., f0, voice quality) to future work. Together, the two analyses presented here 
establish a foundation for future acoustic investigation into the broader, interrelated 
network of laryngeal and tonal contrasts in Tai Khamti and into the language’s 
tonogenetic history. 

LITERATURE REVIEW  

Qualitative descriptions of Khamti show a consensus regarding its oral stop onset 
inventory, which features a binary contrast between voiceless unaspirated and voiceless 
aspirated stops. While this agreement is longstanding, spanning from early historical 
accounts to modern linguistic descriptions, the available descriptions of this contrast are 
qualitative and impressionistic (Brown, 1837; Harris, 1976; Inglis, 2017, 2024; Morey, 
2005, 2008; Robinson, 1849; Weidert, 1977). We are not aware of any instrumental 
acoustic analyses of Khamti onset phonation contrasts. 

A two-way phonation distinction is typologically unusual for stop onsets in Tai 
languages, most of which feature a three-way distinction. Standard Thai contrasts 
voiceless, voiced, and voiceless aspirated stop series (Lisker & Abramson, 1964, p. 389), 
and as a large and well-documented language, its three-way contrast is frequently 
included in broader typological works, investigating the differential phonetic properties 
associated with onset phonation categories across languages and their interaction with 
tone (e.g., Abramson & Whalen, 2017; Cho et al., 2019; Kirby, 2018). Indeed, the 
available phonetic descriptions of Tai and related Kra-Dai languages tend to focus on 
tonal analysis, with interrelated issues of onset laryngeal properties receiving less 
attention (Burroni, 2023; Edmondson et al., 2004; Edmondson & Solnit, 1997; Harris, 
1972; Harris & Noss, 1972).  

VOT differences are the most widely investigated acoustic correlate of onset 
laryngeal contrasts cross-linguistically (Cho & Ladefoged, 1999; Keating, 1984, p. 290; 
Lisker et al., 1977; Lisker & Abramson, 1964; McDonough & Wood, 2008), and are 
consistently cited as the primary correlate in Tai languages, though secondary laryngeal 
articulations such as breathy release for voiced stops are also found (Kirby & 
Pittayaporn, 2025).  

In the documentation of endangered languages, the presentation of phonological 
inventories is typically prioritized, while the phonetic properties of laryngeal contrasts 
often go uninvestigated. Khamti serves as a prime example: despite a longstanding 
qualitative consensus on its two-way stop contrast, no instrumental acoustic analysis of 
this contrast has previously been undertaken. As Ladefoged (2003, p. 94) stresses, VOT 
analysis should be treated as a basic component of an adequate phonetic description. We 
present this acoustic analysis of Khamti stops in response, recognizing that the phonetic 
analysis of phonological structures should be an integral part of the language 
documentation process (Bhaskararao, 2004, p. 220). 
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ORIGIN AND DEVELOPMENT OF KHAMTI ONSETS AND TONES  

The initial consonant inventory of Khamti is presented in Table 1 (Inglis, 2017; Morey, 
2008). The system of consonant contrasts makes no use of contrastive voicing, and the 
only laryngeal contrast is of stop aspiration. The coda inventory similarly lacks voicing 
contrast, including only voiceless stops /p t k/ and voiced nasals /m n ŋ/. 

 
Table 1. Khamti initial consonant inventory 
 

 
 
The laryngeal contrasts of Proto-Tai initials, presented in Table 2 (Pittayaporn, 

2009), differ markedly from those of Khamti. Voicing contrast is pervasive among the 
Proto-Tai onsets, including the stops (e.g., *t vs. *d), fricatives (e.g., *s vs. *z), nasals 
(e.g., *ʰn vs. *n), and other sonorants (e.g., *ʰl vs. *l). No aspiration contrast is posited 
for stops, but a contrast of airstream mechanism / glottalization is reconstructed for the 
voiced stops (i.e., plain voiced *b *d *ɟ vs. glottalized / implosive *ɓ *ɗ *ˀj).1  
 
Table 2. Reconstructed Proto-Tai initial consonant inventory (Pittayaporn, 2009)2 

 

 
 
Clearly, the Khamti consonant inventory has undergone significant simplification 

with respect to its reconstructed ancestor Proto-Tai. Khamti’s tone inventory (see Table 
3), on the other hand, has increased relative to that of Proto-Tai. Three tones are 
reconstructed for syllables ending in a sonorant coda or vowel in Proto-Tai, which are 
labeled by convention *A, *B and *C. A fourth category, *D, represents syllables closed 
by an oral stop, in which environment tone was not contrastive. On a phonological level, 
this reconstruction is uncontroversial and has been long accepted in Tai studies (Gedney, 
1972; Li, 1977), though opinions continue to differ concerning the phonetic 
reconstruction of *A, *B and *C (Liao & Gehrmann, 2025; Pittayaporn, 2009; Sagart, 
2019). 
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For Khamti, at least two different tone inventories have been described. As 
summarized by Dockum (2019, pp. 124–138), Khamti varieties in Arunachal Pradesh, 
India are analyzed by Harris (1976) as contrasting five lexical tones, while Dockum 
himself posits four lexical tones for Khamti varieties in the upper Chindwin River valley 
in Myanmar. Inglis’s (2017) inventory of Khamti varieties in what he calls the Irrawaddy 
Confluence Area in Myanmar appears to match well with Harris’s, as they both have 
five-tone inventories, but as will be demonstrated below, the tones do not match up 
etymologically in a straightforward manner. Harris’s and Inglis’s inventories are 
summarized in Table 3. 

 
Table 3. Khamti tone inventory 
 

 
 
The reduction in onset laryngeal complexity and the increase in tone complexity 

between Proto-Tai and modern Khamti are not independent processes. In the remainder 
of this section, we will demonstrate the patterns of onset laryngeal contrast merger and 
tonal innovation. 

Onset phona>on contrasts from Proto-Tai to Kham> 

It is beyond the scope of this paper to provide a thorough diachronic analysis of onset 
evolution from Proto-Tai to modern Khamti. Nevertheless, the thematic developments 
are apparent in the data available to us. We have aligned modern Khamti reflexes from 
Harris (1976) as reproduced by Inglis (2004) with their Proto-Tai precursors as 
reconstructed by Pittayaporn (2009) to produce the tables of lexical evidence below. The 
consonantal developments in question are shared by all modern Khamti varieties as far 
as we are aware (Morey, 2008). We will not devote space here to explaining the 
motivations underlying the phonological reconstructions of Proto-Tai onsets, which 
include sesquisyllabic structures that no longer exist in modern Tai languages in many 
cases. We encourage those who are interested in the intricacies of how these complex 
onsets developed and simplified across the Tai language family to consult Pittayaporn 
(2009).  

The examples in Table 4 show that Proto-Tai voiced stops have become devoiced 
in modern Khamti (Proto-Tai *b, *d, *ɟ, *g > Khamti /p t ts k/), resulting in phonetic 
merger with the etymologically voiceless Proto-Tai stops, which remain voiceless (Proto-
Tai *p *t *c *k > Khamti /p t ts k/). Note that the merged reflexes of palatal stops *ɟ and 
*c have become an alveolar affricate /ts/. Our database lacks any examples of words 
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that would have had Proto-Tai *b, but the pattern of development is clear from the 
examples at other places of articulation. 
 
Table 4. Proto-Tai voiced and voiceless stop reflexes in Khamti 
 

 
 

For sonorants, it is the voiceless onsets that have been innovative. Proto-Tai 
voiceless sonorants have become voiced in modern Khamti (*ʰm *ʰn *ʰɲ *ʰw *ʰl > m n j 
w l), merging with their Proto-Tai voiced counterparts (*m *n *ɲ *w *l > m n j w l), as 
the examples in Table 5 demonstrate. 
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Table 5. Proto-Tai voiced and voiceless nasal reflexes in KhamA 
 

 
 

The voiced glottalized / implosive stops of Proto-Tai remain voiced today, but they 
have lost their tense phonation and nasalized to merge with their corresponding plain 
voiced nasals (*ɓ *ɗ > m n). The comparative evidence in Table 6 suggests that 
sesquisyllabic clusters with a voiceless consonant in the presyllable position and a voiced 
stop in the main syllable position coalesced to merge with the implosives before both 
developed into nasals (*C̥.b *C̥.d > m n). 
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Table 6. Proto-Tai gloCalized / implosive stop reflexes in KhamA 
 

 
 
Although voiceless aspirated stop onsets are common among modern Tai 

languages, Pittayaporn’s Proto-Tai is notably reconstructed without a voiceless aspirated 
stop series. Khamti’s voiceless aspirated stops are a post-Proto-Tai innovation, as are 
those of other Southwestern Tai languages (Pittayaporn, 2009, pp. 88–101). We will not 
discuss this topic in detail here, but a few sources of modern Khamti aspirated stops are 
evident, as the lexical evidence in Table 7 suggests.  
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Table 7. Proto-Tai sources for Khamti voiceless aspirated stops 
 

 
 
The labial /pʰ/ has at least two sources: the Proto-Tai complex onset *pr via 

debuccalization of the rhotic medial consonant to voiceless aspiration and the labial 
glide *w via fortition to *v, devoicing to *f and further fortition to /pʰ/. The latter 
development from *w to /pʰ/ is shared with Shan and other Tai languages of Myanmar 
(Pittayaporn, 2009, p. 131). The velar /kʰ/ also has two main sources. Complex onsets 
comprising a velar or uvular stop and a rhotic medial regularly develop into /kʰ/ in 
Khamti in a process paralleling the *pr > /pʰ/ innovation, and simple uvular onsets, 
both stop and fricative, have /kʰ/ as their regular reflexes.  

The alveolar /tʰ/ only occurs rarely in the data available, and we were only able to 
align one example with a Proto-Tai lexeme. No modern reflex for this word, Proto-Tai 
*cm.ruk ‘to tie’, was found in Harris’s word list, but it is attested in other varieties as 
/pʰuk/ or /tʰok/. Pittayaporn (2009, pp. 142–143) shows that *cr clusters tend to 
develop into /tʰ/ in Tai languages via an intermediate *tʰr stage. The above analysis is 
summarized in Table 8. 
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Table 8. Onset phonaAon contrasts from Proto-Tai to KhamA 
 

 

Tone Contrasts from Proto-Tai to Kham> 

Like most Tai languages, Khamti has not simply neutralized the historical onset 
phonation contrasts reconstructed for Proto-Tai; rather, those contrasts have been 
transphonologized into tonal contrasts, upholding the historical contrasts. This was 
accomplished via the standard tonogenetic model that is ubiquitous among the Tai 
languages and shared with many other, unrelated tonal languages of Mainland 
Southeast Asia (Haudricourt, 1954, 1961; Matisoff, 1973). According to this model, 
languages with a smaller number of historical tones undergo a doubling of their tone 
inventory under conditioning from historically contrastive onset voicing values. Once 
the tones are split, the burden of maintaining phonological contrast shifts from onset 
voicing to tone, permitting the gradual erosion of voicing distinctions without any loss 
of contrast in the overall system. 

We have already introduced the three contrastive tones of Proto-Tai on syllables 
ending in a sonorant sound above (*A *B *C). These Proto-Tai tones are subject to splits 
not only from onset voicing differences, but from other phonation type or manner of 
articulation differences as well. Gedney (1972) proposed a standard tabulation (a tone 
box), as a tool for tracking tonal evolution across Tai languages (see Table 9). The tone 
box includes five columns, one each for *A *B and *C and two columns for *D. The two 
columns for D represent words with different vowel length values, because long and 
short vowels before coda stops condition different modern tonal outputs in many Tai 
languages. The four rows in the tone box represent different onset phonation 
configurations. Row 1 is for voiceless onsets characterized by aspiration or voiceless 
frication, which group together in terms of tonal conditioning. Row 2 is for the plain 
voiceless stops, Row 3 for the glottalized / implosive stops and Row 4 for plain voiced 
onsets of any manner (stop, sonorant, fricative). The tone box’s utility is that it defines 
groups of words (lexical sets) that are expected to share the same tone value in modern 
Tai languages. The tool is based on the principle of regular sound change, whereby 
sounds in identical environments are expected to change and develop in parallel, all 
things being equal.  

 



 115 

 
Table 9. Generic tone box structure (Gedney, 1972) used to analyze Tai tonogenesis 

 

 
 

Each cell in the tone box may be referenced via its alphanumeric code. For 
example, the code A4 refers to the tone found on the group of words which had *A tone 
in Proto-Tai and was preceded by a plain voiced consonant. In Harris’s Arunachal 
Pradesh Khamti, the A4 lexical set developed into the modern falling tone /³/, as in 
Proto-Tai *ɢwɯnᴬ ‘person’ and *ŋwanᴬ ‘daytime’, which become modern /kon³/ and 
/wan³/. 

The tone box includes twenty cells, but there are no Tai languages with twenty 
contrastive tones. Instead, multiple cells tend to share the same tone, with different 
languages showing different patterns of tonal development. Comparativists speak of 
“splits” when cells under the same tone column have different tones and “mergers” when 
cells in different columns have the same tone. The most common split pattern 
crosslinguistically is between voiceless onsets (the first three rows of the tone box) and 
voiced onsets (row four), but further splits among the three voiceless categories are also 
common. The most common merger pattern for Tai languages is between the cells under 
tones *B and *D.  

In Table 10, we compare tone boxes based on data from Harris’s Arunachal 
Pradesh Khamti and Inglis’s Irrawaddy Confluence Area Khamti. The two varieties’ 
tonal inventories have developed very similarly, but there are notable differences as well. 
Column *A shows the same three-way split in both lects, with the expected split between 
A4 and the rest, and a secondary split in the voiceless rows between A1 and A23. 
Column *C is also the same, with a standard voicing split of C123 and C4. The 
differences are localized to Columns *B and *D. The voiceless rows of *B and *D share 
the same tone in both varieties and, strikingly, both varieties show a merger of A1 with 
B123 and D123. The differences relate to cells B4 and D4. Arunachal Pradesh B4 is 
merged with A23, whereas Irrawaddy Confluence Area Khamti shows no split at all in 
the *B column. As for D4, Arunachal Pradesh Khamti merges this with B4 and A23, 
while Irrawaddy Confluence Area Khamti merges it with C4 alone. More detailed 
discussion on comparative Khamti tonality is presented by Dockum (2019).  
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Table 10. ComparaAve tone box: Arunachal Pradesh KhamA vs. Irrawaddy Confluence Area KhamA 
 

 
 
Inglis (2024) presents lexical evidence supporting the historical development of 

Khamti tone presented in Table 10 as an appendix. Dockum (2019) tabulates Harris’s 
results as shown here, and we have assembled lexical evidence corroborating it here in 
Appendix A. We were not able to find examples for every cell. As Dockum (2019, p. 
126) notes, the A column is the most reliably reconstructed because A tone words tend 
to be more numerous and therefore better represented in wordlists across the family. 
Nevertheless, the examples that we did find correspond with Dockum’s tabulation 
neatly. 

METHODOLOGY  

Having traced the historical origins of Khamti's onset and tone contrasts, we now turn 
to acoustic documentation of the resulting plain/aspirated stop contrast in the modern 
language. 

Data Collec>on 

The analysis is based on a dataset of 250 VOT measurements drawn from legacy audio 
recordings of two native speaker participants.3 Both participants are native speakers of 
Khamti who were born and raised in villages near the multilingual town of Putao in 
Myanmar, the heartland of the language group, which lies within the Irrawaddy 
Confluence Area. They are also fluent in Burmese and speak some Rawang. Participant 
M1 is male, 46 years old, and participant F1 is female, 21 years old. 

Data collection took place in 2005 in an enclosed room in a house in Yangon, the 
capital city of Myanmar, on a trip the participants took outside their home area. Audio 
recordings were made on a Sony TCD-D3 DAT with a sampling rate of 22,050 Hz in 
uncompressed .wav file format.4 In addition to elicited word list items spoken in 
isolation, the audio data also include recorded language lessons and recordings of 
spontaneous narratives recounting personal experiences. The measured stop VOT 
examples were randomly drawn from all three types of data and each token was an 
independent and unique observation with no repeated lexemes.5 
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VOT Measurement 

VOT, the temporal interval between stop release and the onset of voicing, was measured 
manually in milliseconds using Praat (Boersma & Weenink, 2011). Closure 
voicelessness was identified visually by the near-complete absence of energy in the 
formant frequency range, and stop release was marked at the point where an abrupt 
increase of energy was visible in the waveform and spectrogram (Ladefoged, 2003, p. 
96; Lisker & Abramson, 1964, p. 389). In cases where more than one point in time might 
be identified as stop release, such as the double burst commonly found with the release 
of a velar closure, the first identifiable burst was selected. The onset of voicing was 
defined as the zero crossing at the end of the first recognizable cycle of regularly spaced 
vertical striations, which correspond to glottal pulses. VOT measurements reflect the 
difference between this zero-crossing and the stop burst. Each measurement was 
rounded to the nearest millisecond.  

The VOT measurements were assembled in a database, in which each token was 
coded according to the following categorical variables: phonological onset stop 
series (aspirated vs. unaspirated), onset place of articulation (labial, alveolar, 
velar), position of the onset within an utterance (initial, medial), and speaker (M1, F1). 
The full factorial design of the study comprises 24 cells (2 aspiration × 3 place × 2 
position × 2 speaker). Under a balanced design, each cell would contain approximately 
10 tokens after outlier removal (see below); however, actual cell counts range from 1 to 
17. Notably, five cells (21%) contain five or fewer tokens, with the most extreme case 
being the alveolar aspirated medial condition for Speaker M1, which contains just one 
token. This imbalance precludes reliable estimation of higher-order interactions. 
Consequently, the analysis focuses on main effects (primary hypothesis) and select two-
way interactions (secondary considerations).  

Outlier thresholds were calculated separately for aspirated and unaspirated tokens, 
with any measurement exceeding the within-category mean by more than three standard 
deviations removed. This yielded upper thresholds of 49.5 ms for unaspirated stops 
(mean 20.4 ms, SD 9.7 ms) and 142.5 ms for aspirated stops (mean 68.9 ms, SD 24.6 
ms). Five tokens were removed: three unaspirated medial velar tokens (F1 ×1, M1 ×2) 
and two aspirated medial velar tokens (M1 ×2). The final dataset comprised VOT 
measurements for 245 tokens, the counts of which are summarized categorically in Table 
11. Each token was randomly drawn from unique lexical items. Arrows (→) indicate 
cells affected by outlier removal.6 
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Table 11. Token counts per cell after outlier removal 
 

 

Sta>s>cal approach 

We use Welch’s t-tests to evaluate differences in group means. Unlike the standard t-
test, Welch’s method does not assume equal variances, avoiding the inflation of Type I 
error rates (i.e., false positives) that would result from the unequal variances observed in 
this dataset (Welch, 1947; Delacre et al., 2017). 

Effect sizes are reported as Cohen’s d, which quantifies the difference between two 
group means in pooled standard deviation units (Cohen, 1988). This enables cross-study 
comparisons and captures practical significance beyond mere statistical detectability 
(Lakens, 2013). Attending to practical significance is an important consideration in 
phonetics research, where differences may be statistically significant while remaining 
perceptually negligible. Conventional benchmarks are applied: d = 0.2 (small), d = 0.5 
(medium), d = 0.8 (large).  

Given five planned comparisons (aspirated vs unaspirated, labial vs alveolar, labial 
vs velar, alveolar vs velar, initial vs medial), the familywise false positive rate 
accumulates, increasing the risk of at least one spurious result. A Bonferroni correction 
is applied, adjusting the significance threshold from α = 0.05 to α = 0.01 (Dunn, 1961). 
This conservative adjustment reduces false positive risk at the cost of increased Type II 
error risk (i.e., false negatives) (Armstrong, 2014). 

Interaction effects are examined through pairwise Welch’s t-tests for two-way 
interactions where cell sizes permit reliable estimation. Higher-order interactions are not 
pursued due to insufficient statistical power in several cells. Speaker patterns are reported 
descriptively only, as inferential statistics cannot be meaningfully applied to a two-
speaker sample. Mixed-effects modeling is similarly precluded, as reliable estimation of 
variance components requires more random-effect levels than two speakers can provide. 

Limita>ons of the study 

Findings involving alveolar stops, particularly in medial position, must be interpreted 
with caution because of the sparseness of data. The findings of this study are limited to 
the two individuals in the study and cannot be generalized to broader subsets of the 
Khamti-speaking population, such as gender or age group. The absence of repeated 
measurements per token means that measurement reliability, such as inter-rater 
agreement, cannot be assessed, introducing potential unquantified error. 
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RESULTS 

Figure 1 presents VOT distributions for Tai Khamti stops across four dimensions: 
aspiration (upper left), place of articulation (upper middle), syllable position (upper 
right), and speaker (lower right), with two-way interaction plots in the lower-left panels. 
The rightmost panel visualizes Cohen's d effect sizes for all contrasts, with dashed lines 
indicating conventional benchmarks (small = 0.2, medium = 0.5, large = 0.8) and bar 
shading reflecting effect magnitude: dark green = large, medium green = medium, light 
green = small, gray = negligible. 

The data reveal no negative VOT measurements that would indicate a voiced stop 
series. There is robust evidence for a phonologically significant two-way laryngeal 
contrast between aspirated and unaspirated stops, with aspiration emerging as the 
primary dimension of variation. Results for each factor are reported in turn below. 

 

 
 

Figure 1. Boxplots of VOT distribuAons by aspiraAon, place of arAculaAon, syllable posiAon, and 
speaker, with Cohen's d effect size 

 
Table 12 indicates the effect of aspiration as highly significant (p < .001), with 

aspirated stops exhibiting a mean VOT 47.5 ms longer than unaspirated stops. The effect 
size is large, d = 3.03. This finding strongly supports the primary hypothesis of a 
categorical aspirated/unaspirated VOT distinction.  
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Table 12. Aspiration (primary hypothesis) 
 

 
 

For secondary considerations, Tables 13 and 14 show comparisons with place of 
articulation. Velar stops show significantly longer mean VOT values (51.8 ms) than 
those of both labial stops (35.0 ms) and alveolar stops (27.3 ms). Pairwise comparisons 
show that velar stops differ significantly from both labial and alveolar stops, while labial 
and alveolar stops do not differ significantly from each other. Effect sizes are medium 
for the velar-labial comparison (d = 0.60) and large for the velar-alveolar comparison    
(d = 0.87). 

 
Table 13. Place of arAculaAon 

 

 
 
Table 14. Pairwise comparison for places of ar6cula6on 

 

 
 
Syllable position, as shown in Table 15, has no significant effect on VOT. The 

difference between the mean values for initial stops and medial stops is just 5.7 ms, 
resulting in a small effect size (d = 0.2) and a p value that is not significant (p = .111). 

 
Table 15. Syllable posiAon 

 

 
 
Finally, in Table 16, both speakers show the expected aspiration contrast, with 

Speaker M1 showing a 12.8 ms larger aspiration effect than Speaker F1. The caveat is 
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that this difference cannot be attributed to gender, age, or individual idiolect as it 
represents individual variation between just two speakers. 
 
Table 16. Speaker patterns 
 

 

CONCLUSION AND OUTLOOK 

This study addresses a gap in the phonetic documentation of Khamti by providing, to 
the best of our knowledge, the first instrumental acoustic analysis of its VOT, confirming 
through quantitative means the two-way aspirated/unaspirated contrast that qualitative 
descriptions have long reported. Though we did not control for etymological voicing of 
stop onsets in the data collected for this project, we take the absence of any negative 
VOT measurements as supporting the hypothesis that historical voiced stops have indeed 
been completely devoiced in this Khamti lect. Velar onsets have a significant lengthening 
effect on onset VOT, and the place hierarchy identified in the mean VOT measures by 
place of articulation (velar > labial > alveolar) aligns with cross-linguistic typological 
trends in stop production. Syllable position effects are found to be negligible. 

The small speaker sample (N = 2) precludes generalization to the broader Khamti 
speech community. Potential confounds, including vowel context and speech rate, are 
not controlled, which may influence the acoustic realization of the contrasts under 
investigation. Consequently, these findings must be interpreted within the context of the 
specific speakers and elicitation materials used. 

Desiderata for future research growing out of this study include (1) a more thorough 
investigation of the historical phonological development of Khamti, informed by a 
broader base of comparative data and lexical evidence and (2) a targeted acoustic 
phonetic investigation into the phonetic realization of onset phonation beyond just stop 
VOT, investigating possible differences conditioned by historical onset phonation 
categories, modern tone categories, and interactions between the two.  
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NOTES 

1. Pittayaporn’s phonetic reconstruction of *ˀj as a glottalized palatal semivowel glide is based 
on its subsequent development and phonetic realization in modern Tai languages. 
However, because it behaves phonologically like the two implosive stops *ɓ and *ɗ 
(Pittayaporn, 2009, p. 72), he places this proto-consonant on the stops row in the slot that 
a palatal implosive stop *ʄ would be expected to occupy. 

2. Parentheses reflect possible Proto-Tai consonants, which Pittayaporn reconstructs 
tentatively. 

3. The data used in this research are from the fieldwork recordings of Douglas Inglis under 
the approved project “Documenting endangered languages: A community-based approach 
among the Tai Khamti”, ID: Pro00010356_CLS5, with the IRB of the University of 
Alberta (Inglis, 2014, p. iv). Under this project the second author has access to the 
recordings, stored on his password protected computer, and is responsible for managing 
the files. Both Khamti language speakers have provided written informed consent to use 
these recordings. 

4. This sampling rate is appropriate for the temporal measurements made here (stop release, 
voicing onset), which do not require spectral resolution above 11 kHz (Lisker & Abramson, 
1964). 

5. Legacy recordings are used because this is an initial untargeted documentation of VOT 
providing general results. As such, certain uncontrolled variables such as speaker gender 
and age remain for future targeted research.    

6. M1/velar/unaspirated/medial: 19→17; M1/velar/aspirated/medial:  17→15; 
F1/velar/unaspirated/medial: 11→10 
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APPENDIX 

Appendix A Tone Box Lexical Evidence 
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Note. Cell shading groups the cells that share the same modern tone in Harris’s (1976) Arunachal Pradesh Khamti, 
using the same colours as Table 10. A dash (–) marks a cell for which no example was found; a tone in parentheses 
with “?” is the expected value. 
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Appendix B VOT dataframe of 250 extracted measures (pre-outlier removal) 

 

 

Note. Spkr. = speaker. Pos. = Position. Pl. = Place. Asp. = Aspiration. n = number of tokens before outlier removal 
(cf. Table 11). † Removed as an outlier (more than 3 SD above the category mean; see Methodology). F1 = female 
speaker; M1 = male speaker; unasp. = unaspirated; asp. = aspirated. 
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