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Abstract

Suansu is an underdescribedTibeto-Burman language of north-eastern India. This study
presents a first instrumental phonetic analysis of its vowel system, using a subset of 186
monosyllabic and sesquisyllabic tokens elicited from a single speaker. Through analyses
of this data, the acoustic properties of Suansu vowels are investigated with respect to syl-
lable type, tone, nasality, and complex nuclei. Suansu displays a sesquisyllabic structure,
with minor vowels forming a centralized and highly reduced set, whereas major vowels
occupy a wider acoustic space, in addition to displaying contrastive tone and nasaliza-
tion. Tonal analysis identifies a two-way contrast between a level/rising contour and a
falling contour. Nasalization is shown to be phonemic, while also occurring as condi-
tioned by nasal codas. The study further documents the distribution of onglides and
offglides, though their phonological status remains inconclusive. The identified features
align with broader Tibeto-Burman typology and provide a preliminary phonetic base-
line for future descriptive work on the vowel space of Suansu.
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1 Introduction

Suansu is amostly undescribedTibeto-Burman language spoken in the north-easternmost
part of the Ukhrul district in Manipur, north-eastern India. Despite lying in an area of
high linguistic diversity, Suansu has received little scholarly attention. The language
was first described by Ivani, whose fieldwork constitutes the only existing primary doc-
umentation, and all published materials (Ivani, 2023; Ivani, 2019; Ivani, 2022; Ivani,
2024; Ivani and Zakharko, 2024) stem from her work and collaborations. The acoustic
space of the vowel system remains mostly unanalysed. This thesis aims to provide the
first primarily phonetic account of Suansu vowels based on a set of word recordings col-
lected during Ivani’s fieldwork. By describing the vowel system, this study contributes
to a broader effort of preserving an endangered language, while also supporting future
phonological and typological research.

Since a full phonetic analysis of Suansu’s vowel system is still lacking, this initial char-
acterization is valuable: it aids in establishing the phonemic inventory, allows for typo-
logical comparison with other underdescribed Tibeto-Burman languages, and provides
a baseline for future projects. The scope of this study is necessarily limited, since it is
based on a small set of recordings from just a single speaker, but still provides a founda-
tion for future investigations.

The primary goals of this acoustic investigation is to systematically map the phonetic
properties of Suansu’s vowels, including the range of allophonic variation observed, tothen
utilize these acoustic data to explore potential phonemic contrasts, specifically focusing
on the base vowel inventory of minor and major syllables, tone, and nasality. More
broadly, this work contributes to the documentation of an endangered and underde-
scribed language, and hopes to provide a basis for future analyses of Suansu, as well as
giving direction to future elicitation efforts from Suansu speakers.

In order to address these goals, this study is guided by one primary research question,
followed by a set of research objectives specifying how this question will be explored.
They are as follows:

1. What are the structural and acoustic properties of the vowel space of Suansu?

(a) Characterize the distinguishing properties and structure of the vowels in
Suansu’s minor and major syllables.

(b) Analyse tonal contours and their place within the vowel system.

(c) Investigate the distribution, properties, and phonemic status of nasal vowels.
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The remainder of the thesis is structured as follows: Section 2 gives an overview of rele-
vant background in phonetics and phonology. Section 3 describes the dataset used. Sec-
tion 4 presents the background theory and methods used in this study. Section 5 goes
over acoustic results, with a discussion of possible interpretations. Section 6 concludes
the study.

This study undertakes analyses across several topics relating to Suansu’s vowels, a broad
and optimistic scope for a project of this size. This scope is however justified, as it would
be fruitless to conduct in-depth analyses of any of the covered topics with a dataset of this
limited size, as with this no conclusive result would be reachable regardless. Therefore,
the general overview offered by this study leaves room for more insight.

2 Background

This chapter gives a necessary geographical, social, and typological context for the acous-
tic analysis presented in the rest of the study. It begins by outlining the sociolinguistic
and geographical setting of the Suansu community, followed by a review of relevant
vowel typology in the Tibeto-Burman family, and a summary of previous descriptive
work.

2.1 Sociolinguistic Context

Suansu is spoken in a few villages in the north-east of the Ukhrul district: New Tusom
(Tusom Khullen) and Tusom CV (Tusom Christian). These lie in the Naga hills about
500meters above sea level, on themountain ridgemarking the border between India and
Myanmar. The Myanmar border lies 4 km to their east, and the border with Nagaland
2 km to their north. Due to the remote location and limited infrastructure, the area is
difficult to reach from the rest of the state, including neighbouring villages.

According to the 2011 Indian Census1 and local accounts from the Sarpanch of New Tu-
som, Suansu is spoken by approximately 2200 people, almost all of whom belong to the
Tangkhul Naga Tribe. Naga functions as an ethnolinguistic umbrella term for several
communities in north-eastern India and north-western Myanmar, and does not repre-
sent a linguistic grouping. It is still not certain howSuansu should be classifiedwithin the
Tibeto-Burman family, due to the complete lack of documentation until recently, further
complicated by extensive language contact and historical migration in the region.

1http://censusindia.gov.in
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Suansu is exclusively used in familial contexts and within the village community. There
is no mutual intelligibility with neighbouring languages, and Tangkhul functions as the
lingua franca in the district. Most Suansu speakers are also fluent in Meithei, the state
language of Manipur. Some additionally speak Nagamese or Hindi, and some in the
older generations have knowledge of Burmese. Most younger speakers know English,
which is taught in schools. Linguistic pressure from more widely spoken languages is
putting the language under threat, further fueled by exogamy and high levels of emigra-
tion to more centrally located states.

2.2 Vowel typology in Tibeto-Burman and the region

Languages within the northeast of India are incredibly typologically diverse, even look-
ing only within Tibeto-Burman family. It can therefore be difficult to pinpoint specific
linguistic properties shared by a majority of languages. This also holds true for Suansu,
which often does not align neatly with other languages of the Ukhrul District. Neverthe-
less, certain general commonalities within languages of the area can still be observed.

The typical language ranges between having about five and eight vowels in its inventory,
almost always containing amid central vowel, often also a close central vowel. Rounding
as a contrastive factor is rare, and contrastive vowel length even more so (Namkung,
1996).

One important feature to mention rather unique to the region and southeast Asia is
sesquisyllabicity (Matisoff, 1989, p. 165). A sesquisyllable is a syllable and a half, com-
prised of one initial minor, and one major syllable. The minor syllable is shorter than
a regular syllable, and allows for few or no consonants in coda position, as well almost
always having phonetically reduced vowels, carrying no contrastive tone or nasalization.

Nasalization and tone are commonly found features. A large number languages in the
region have a set of nasal vowels phonemically distinct from their oral vowels (Watkins,
2001). Tone very frequently occurs contrastively, although the majority of languages
feature a minimal inventory of tones, often two, rarely more than three. It is also not
uncommon for languages to feature no phonemic tone (Matisoff, 1999).
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2.3 Previous work on Suansu vowels

The foundational documentation of Suansu vowels is provided in Ivani (2023), which of-
fers an initial qualitative account based on fieldwork elicitation. This report successfully
identifies vowels with distinct features and provides IPA transcriptions. However, as a
first descriptive step, the study does not include a systematic phonemic analysis, instru-
mental acoustic measurements, or an in-depth discussion of allophony, nasalization, or
tone. This valuable initial documentation establishes the necessity for an instrumentally
grounded and detailed acoustic investigation, and the present study aims to be a first
step towards this.

Ivani (2023) finds that Suansu exhibits a sesquisyllabic structure, aligning it withmany of
its neighbors. This finding is relevant to the present study as it means the language con-
tains minor syllables, which are phonetically reduced, lack stress and tone contrasts, and
typically feature a highly reduced vowel. Examples of this structure in Suansu include
әke ‘go up’, andməlaj ‘needle’.

The initial fieldwork suggests the presence of phonemically contrastive nasal vowels.
Minimal pair evidence has been documented by Ivani, 2023, such as ʔaθẽ ‘liver’, and
ʔaθe ‘eat’.

Suansu has lexical tone at the word level, meaning pitch differences distinguish word
meaning. Ivani, 2023 also demonstrates this contrast with minimal pairs, such as θʌ́
‘feces’ versus θʌ̀ ‘face’. With this the presence of tone is confirmed, but its full extent and
interaction with the vowel system remains largely unknown.

2.4 Summary and Relevance to the Present Study

Previous work on Suansu vowels has provided a solid qualitative description, however
a more in-depth analysis with instrumental and acoustic evidence is still lacking. This
study aims to be a part of that, an initial step in providing acoustic evidence by analysing
duration and formant measurements of vowels, in addition to mapping out the envi-
ronments they occur in, in hopes of providing a solid, instrumental foundation that can
serve as a baseline for subsequent comprehensive phonological analyses, as well as future
fieldwork.
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3 Data

This work is based on data obtained from Ivani, a set of recordings of approximately
900 items collected by her during a linguistic fieldwork trip to India in 2022. This is
the same word list used by Coupe, 20202. As this study is necessarily limited in scope,
only a restricted number of words from this set could be analysed. The final analytical
dataset comprised of 186 tokens selected based on the criteria of being monosyllabic, or
sesquisyllabic with an onsetless minor syllable. This focuses resulting analyses, yet also
restricts the amount of possibly occurring phonological environments, meaning that this
study is not intended as a complete phonetic and phonological analysis of Suansu, but
rather a presentation of the phonetic environments existing in tokens encountered in the
limited dataset used for the study.

All words were elicited from a single speaker, an adult male native speaker of Suansu,
also fluent in Tangkhul, Meithei, and English. He was born and raised in New Tusom,
and moved to Maharashtra in his early 20’s. All elicitations were recorded in the same
environment with the same equipment, in 48 recording sessions spread over three days.
The words were elicited from the speaker in the followingmanner: Ivani says an English
word, followed by a brief definition if necessary, after which the speaker repeats the word
in Suansu in isolation, then once more within the phrase a [word] ɹəkè, ‘I write [word]’,
and lastly again in isolation. The instance of the word which will be analysed is the
one uttered within the sentence frame. Using this kind of sentence frame is a standard
procedure in elicitation, to prevent intonational cadence from interfering with the tone
of the word (Coupe, 2014; Post, 2015).

The initial dataset already had all words of interest delimited from the full elicitation
sessions, and were transcribed in IPA3. These transcriptions were occasionally revised.
Within the words of the dataset 105 instances of minor syllable vowels were identified,
and 186 instances of major syllable vowels, of which 115 were part of possible diphthongs
or glide-vowel segments. This study is based on findings derived from formant and dura-
tion measurements, phonetic transcriptions, and environmental analyses of these vow-
els.

2https://dr.ntu.edu.sg/entities/publication/03e1027b-c79a-474b-bc05-9346ee1aec8f
3International phonetic alphabet, transcriptions by Grégoire Hansen
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4 Theory and Methods

Methods employed in this study, as well as surrounding theory are presented together
in this section, as most methodological decisions require immediate theoretical justifi-
cation.

Acoustic vowel quality is described using the first two formants (F₁–F₂), where F₁ in-
versely correlates with vowel height and F₂ inversely correlates with vowel backness
(Ladefoged and Johnson, 2015). Instrumental analysis of vowel spaces, through plotting
measurements of these formants them in two-dimensional vowel plots, provides an ob-
jective method of identifying vowel phonemes, study allophonic variation, and compare
systems across languages. Vowel duration, pitch, nasality, and rounding, also relevant
to this study, can be acoustically measured as well. Sole interpretation of acoustic mea-
surementsmay at times be insufficient, therefore subjective auditory perception will also
have to be relied on. Additionally, normalization techniques are appliedwhere necessary
due to noisy data. Subsequent results then allows for an initial mapping of the Suansu
vowel space, and a discussion including preliminary interpretations.

4.1 Segmentation and Acoustic Measurement Procedures

In order to conduct the analyses necessary for this study the already delimited rele-
vant words were extracted from the recordings of full elicitation sessions into Praat4,
along with their IPA transcriptions. These were then checked manually, transcriptions
occasionally adjusted, and recordings segmented on a phone-level, aligned with sound
boundaries identified through a combination of auditory cues and visual interpretation
of their broadband spectrograms in Praat. These segmentations were used to extract
duration measurements, while measurements for the first two formants were taken at
ten points equally spaced apart, starting 20% into the vowel, ending 80% into the vowel.
The first and last 20% of the vowel were excluded from formant measurements in or-
der to capture the stable core of the vowel, avoiding interference with formants from
surrounding sounds affecting the vowel, a common practice when tracking formants
(Boyle et al., 2024). Praat recognizes formant values automatically. Different settings
were experimented with in order to minimize misidentification of formants, and even-
tually, identifying three formants with a formant ceiling of 3000 Hz was deemed to yield
the most accurate results. This was still prone to error, so for any clearly mistracked for-
mants (e.g., F₁ values above 850 Hz) a manual measurement was taken to override the

4All acoustic analysis, segmentation, and measurement were performed in Praat (Boersma and
Weenink, 2025). Subsequent acoustic measurements were extracted using custom scripts written in
Python.
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initial automatic measurement. An example of this can be seen in Figure 1.

Figure 1: Example of mistracked formants on the left, in the middle no formants are
marked, on the right the resulting manual correction is shown.

4.2 Terminological Clarification

To facilitate clear and concise discussion, The terms minor vowel and major vowel are
adapted to refer to the vowel segments found in the respective syllable types. As this
represents a fundamental distinction whichmust be brought up frequently, it is essential
to establish clear and concise terminology to refer to these two categories.

The term complex nucleus is used to refer to a vowel core that includes adjacent elements
such as a preceding semivowel/secondary articulation or diphthong onset, and/or an
offglide [j]. The possible combinations can be seen inTable 5.6. These had to be carefully
considered, as vowels within these behave differently from vowels not within a complex
nucleus.

4.3 Minor-Syllable Vowels

Lobanov normalization is a common technique in acoustic phonetics that uses a mod-
ified Z-score transformation to mitigate inter-speaker variation (Lobanov, 1971). The
technique calculates a normalized score for each vowel token based on the mean and
standard deviation of that speaker’s entire vowel space. This process standardizes vowel
measurements relative to the individual speaker’s acoustic center, which is defined as the
zero point (0, 0) in the normalized F₁×F₂ space. In this study, Lobanov normalization
was applied primarily as ameasure of vowel centralization. This allowed for the objective
demonstration of acoustic reduction in the minor vowels by quantifying their distance
from the speaker’s normalizedmean. Experimentally, themethodwas also used to deter-
mine if it could more broadly reduce possible intra-speaker differences across multiple
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elicitations. This only affected token distribution very marginally, and would have no
impact on final interpretations of the data.

K-means clustering is an unsupervisedmachine learning algorithmdesigned to partition
a dataset into k distinct, non-overlapping clusters where each data point belongs to the
cluster with the nearest centroid (MacQueen, 1967). In acoustic analysis, K-means is fre-
quently used to find inherent structuring of a dense acoustic space (Renwick and Ladd,
2016; Bissell, 2021). For this study, the algorithm was applied to the highly centralized
minor vowel tokens to empirically determine the most probable number of underlying
acoustic categories, assuming any are present, guiding the subsequent phonemic inter-
pretation.

4.4 Tonal Analysis

Tone in this study is analysed using the fundamental frequency (f₀), which reflects the
pitch of the voice and is used to characterize tonal contours (Gussenhoven, 2004; Ladd,
2008).

Preprocessing of f₀ measurements included the use of the Median Absolute Deviation
(MAD) (Hampel et al., 1986) to remove outliers, often used in f₀ contour analysis (Chien,
Borský, and Guðnason, 2019). Gaps in the f₀ contour caused by voiceless segments were
filled using linear interpolation (Suni et al., 2013). Cubic interpolation was also experi-
mented with, but it produced unnatural sinusoidal contours, so linear interpolation was
preferred.

A preliminary cluster analysis, similar to that performed for minor-syllable vowels, was
applied to explore whether the f₀ data would independently recover tonal categories.
This analysis suggested two tonal categories, although both were falling with subtle dif-
ferences in mid-contour shape. This classification was considered unlikely and less reli-
able than auditory assessment, so manual perceptual classification was prioritized.

Tonal contours were identified by ear for each word and added to the annotations, these
were not included in the original transcriptions. A simple binary system was assumed,
based onperceived relative pitch changes between the start, mid, and endpoints ofwords.
An initial ternary classification was attempted but later abandoned due to insufficient ev-
idence for systematic distinction. Tonal contours are represented with diacritics: /á/ for
Tone 1 (level/rising) and /à/ for Tone 2 (falling).

Perceptual classification by a non-speaker must be approached with caution, as non-
distinctive intonational variation or other speech properties can be misinterpreted as
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tonal differences (Schwanhäußer and Burnham, 2005). Nevertheless, in the context of
this study, perceptual classification was the only feasible approach to identifying phone-
mic tonal contrasts. Previous research shows that non-native listeners can identify tone
contrasts above chance (Manyah, 2019), suggesting that careful perceptual classification
can yield informative, though not conclusive, results.

4.5 Identifying Nasal Vowels

The primary cues for the presence of nasal vowels in a spectrogram are: a slightly raised
F₁, the presence of nasal formants, and a wider bandwidth for oral F₁. (Johnson, 2011)
Though all should be considered when identifying nasal vowels, the latter is often the
clearest visual sign of nasality in a spectrogram. This increased breadth of the band
surrounding the first formant, the darkened area towards the bottom of the spectrogram,
can be seen compared with that of an oral vowel in Figure 2. For various reasons these
cues may however not always be identifiable, meaning auditory perception remains an
instrumental tool.

Figure 2: A comparison between oral [ʌ] (left), and nasal [ʌ̃] (right) in a broadband
spectrogram. Here an increased bandwidth F₁, the most easily identifiable sign of nasal-
ization, is clearly visible.

4.6 Monophthongal Vowel Analysis

Of words within the data 43 contain onglides which together with the following vowel
could possibly constitute complex nuclei, displayed in Table 5.6. Aiming for a more con-
centrated analysis, all such words were excluded from the plots drawn of nasal and oral
vowels in Sections 5.4 and 5.5, as the formant values in these tended to deviate consid-
erably from the ellipses drawn to outline the area these occupied in the vowel space.
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Vowels with an offglide [j] were however still included in these plots. Additionally, [ɔ̃]
only occurred preceding [j] in this dataset, meaning that no instances of [ɔ̃] would have
been included in the plots if vowel tokens before [j] had been excluded.

To show the area oral and nasal vowels occupied in the vowel space, ellipses were drawn
around the F₁–F₂mid-point clouds for each vowel category. These ellipses are computed
from the sample mean and covariance matrix of F₁ and F₂ for the tokens of each vowel,
using an eigen-decomposition of the covariance matrix and scaling the resulting axes
by the critical value from the χ² distribution for two dimensions, thus representing a
95% confidence region under a bivariate-normal assumption (Harrington, 2018). Before
ellipse calculation, tokens with F₁ or F₂ values exceeding a predefined Z-score threshold
of ±2 were excluded, reducing the influence of outliers or tracking errors. The resulting
ellipses thus visually summarize both the central tendency and the dispersion of each
vowel’s formant distribution. This is an establishedmethod used in other acoustic vowel-
space analyses to represent the vowel space of a language (Wang et al., 2013).

4.7 Complex Nuclei

This section concerns sequences involving potential glides, diphthongs, or vowel–vowel
combinations. The analysis relies on standard segment-based acoustic methods. Each
token was segmented, and the duration of each extracted. A duration ratio between the
non-nuclear segment and the vowel nucleus was used as a heuristic for distinguishing
glide-like articulations from vocalic elements. Ratios below 1.0 were interpreted as vo-
calic, ratios at or above 1.0 as semivocalic. This procedure follows general duration-based
approaches for distinguishing glides from vowels in phonetic segmentation.

Formant values (F₁–F₂) were also measured at the midpoint of each segment to compare
suspected glides to the vowel space. Overlap in formant space was taken as potential
evidence of a close relationship to vowels.

4.8 Computational Tools

In order to further analyse and visualize the data, a series of scripts needed to be writ-
ten.5 Using Praat’s own scripting language a common solution, and themost direct when
already working with Praat itself. However, due to a higher level of familiarity with the
Python programming language, and some of the scripts needed going beyond the scope

5All Python analysis scripts transcriptions, and measurements used for this study are available at
https://github.com/adnesj/suansu
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covered by Praat scripts, Python was instead used, which with the Parselmouth library6

allows for the same functionality as scripts written directly in Praat, in addition to the
extended flexibility of Python.

5 Results and Discussion

This chapter presents the results of the acoustic analysis of Suansu vowels described in
the previous sections. It focuses on descriptive findings, including vowel duration, the
distinction between minor and major syllables, the distribution of vowel qualities, and
observations of nasality, tone, and complex nuclei. For clarity and consistency across
the acoustic plots, all IPA annotations and vowel groupings presented in this chapter
represent the author’s revised, acoustically-informed interpretation.

A staged approach is adopted, beginning with Duration and Syllable Type to objectively
establish the fundamental distinction between major and minor syllables. This struc-
tural segmentation allows for a targeted analysis of the Acoustic Space of Minor Vowels
before shifting focus to the major syllable. Within the major syllable, Tonal Contours
are addressed first, as tone is a feature independent of specific segmental qualities. Sub-
sequently, Nasal Vowels are examined to resolve issues of environmentally conditioned
nasalization before getting to Oral Vowels. Finally, the remaining Complex Nuclei are
analysed. These steps progressively refine the dataset, allowing for a coherent character-
ization of the vowel space of Suansu.

The presentation of acoustic results are integrated with their immediate discussion and
preliminary interpretation. The first paragraphs of each section presents key descriptive
findings from the acoustic analysis. Subsequent paragraphs then analyse and discuss
these results, including their implications, their alignment with or divergence from pre-
vious research, and how they might justify the approaches taken in following analytical
sections.

5.1 Duration and Syllable Type

The first analysis conducted was measuring the duration of vowels in Suansu. Their av-
erage duration is shown in Figure 3. These measurements are based on vowels found
in both minor and major syllables. As these are expected to behave differently and to
display significantly different features, it is important to make an initial clear distinction

6The analysis relied on the open-source Python library Parselmouth, which provides an interface to
Praat’s core C/C++ routines for acoustic analysis in Python.
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between these two categories of vowels. One straight-forward way of obtaining an ob-
jective measure for this is by classifying them by duration. Such a measure also serves
the purpose of further proving the existence of sesquisyllabic structures in Suansu.

As can be seen in Figure 3, there exists a significant contrast in duration between vowels
in minor (marked (min.)) andmajor syllables. On average, major vowels are 37% longer
than minor vowels, with means of 140 and 60 ms, respectively. The notably shorter
duration of minor vowels, along with the prevalence of sesquisyllabicity in languages of
the region, further solidifies the claim of their existence made in Ivani, 2023. Between
vowel tokens of the same quality no significant durational difference can be found, and
no further evidence for a phonemic vowel length distinction is present in Suansu.
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Figure 3: Duration in milliseconds of minor (min.) and major vowels in Suansu, sorted
by median duration, and visualized through box plots. Outliers are plotted individually,
and the median is indicated by the red line.

5.2 Acoustic Space of Minor Vowels

Due to the short duration and low amplitude characteristic of these phones, the acoustic
data for minor vowels exhibited considerable noise, which limits the possible range of
interpretation. Average formant values from vowels in minor syllables were collected
and plotted in the F₁×F₂ space (Figure 4).

The plot shows the tokens forming a tight cluster in the center of the acoustic space,
indicating a significantly reduced vowel inventory compared to the wide dispersion of
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major vowels. This centralization can be quantified by normalized formant values: mi-
nor syllable tokens exhibit a significantly higher average normalized F₁ (mean: +0.15)
and a less extreme average normalized F₂ (mean: -0.05), clustering closely around the
speaker’s overall normalized origin (0, 0).

One significant outlier was observed: the vowel in the minor syllable of eɹe, ‘agree’. With
an average F₂ of 2168 Hz and a duration comparable to major vowels, it aligns acousti-
cally with major [e]. Due to this, it was excluded. Other less notable outliers caused by
measurement errors were also excluded in the following cluster analysis. To investigate
potential distinctions within the remaining dense cluster, a K-means cluster analysis was
performed, which suggested an optimal partitioning into three categories (Figure 5).
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Figure 4: Minor vowels plotted in the F₁×F₂ space, with original transcriptions retained.

Given the dense clustering and the acoustic overlap visible in the K-means results, de-
termining the phonemic inventory requires interpreting these patterns in light of coar-
ticulatory effects. While the cluster analysis predicts a ternary distinction (high-front,
low-front, and back), the back cluster appears to be largely conditioned by phonetic en-
vironment. As shown in Figure 6, minor vowels followed by labial consonants are fairly
consistently retracted in the vowel space. This correlation could suggests that the ob-
served backing is a coarticulatory effect rather than the realization of a distinct back
vowel phoneme in minor syllables. Having the opposite effect, minor vowels followed
by palatal and palato-alveolar sounds were observed further in the front of the cluster
than the average.
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Figure 5: Minor syllables grouped by colour from a K-means cluster analysis showing a
potential three-category distinction. The pink line shows a potential two-category dis-
tinction.
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Figure 6: Minor vowels plotted by following consonant group, showing potential retrac-
tion triggered by labial contexts, and fronting triggered by palatal contexts.
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Consequently, a binary distinction based primarily on vowel height represents a more
parsimonious interpretation of the system. This leaves a contrast between a non-low
central vowel /ə/ and a low central vowel /a/, shown by the pink line in Figure 5. This
classification assumes the slight vertical separation observed is more significant than the
noisy data makes it seem, while treating horizontal variation as arbitrary or allophonic.
However, the tight clustering alsomakes interpreting a single, undifferentiated phoneme
a likely outcome.

As minor syllables do not appear to carry any of the further contrasts investigated in this
study, the following sections focus on phonemic features tied to the major syllable.

5.3 Tonal Contours

Auditory assessment of the data suggested a contrast between two distinct pitch con-
tours. Based on the established sesquisyllabic structure, tone is assumed to be carried
exclusively by the major syllable, so that sesquisyllabic words possess the same tonal dis-
tinctions as monosyllabic ones. Preprocessing was applied to the f₀ data following the
methods described in Chapter 4.

Figure 7 visualizes the mean f₀ contour for the two primary tonal categories in monosyl-
labic words, and Figure 8 does the same for sesquisyllabic words. Both contours exhibit
a falling or level trajectory in the first half of the word, diverging in the final half: Tone
1 remains relatively level or shows a slight terminal rise, while Tone 2 continues to fall
throughout. A third tonal category was initially considered but discarded due to insuffi-
cient token count and acoustic similarity to Tone 2. For visualization, mean f₀ contours
are plotted with ±1 standard deviation shading to illustrate the variability across individ-
ual tokens (Xu, 2001).

The pitch range for the high versus low end of the tonal contours for the Suansu speaker
was approximately 4.26 semitones (st = 12× log2(fhigh/flow)), a value which provides
a quantitative characterization of the observed contrast.

Minimal pairs are predicted within the data, such as sʌ́̃, ‘deer’ versus sʌ̀̃, ‘come out’, and
t͡θʌ́, ‘excrement’ versus t͡θʌ̀, ‘face’, the latter also documented in Ivani, 2023.

Looking at tone distribution across lexical categories shows that verbs favor the falling
tone (61 out of 78 tokens), while nouns show a slight preference against the falling tone
(30 out of 75). If the tonal contours identified are representative, this pattern suggests a
possible link between tone and morphological or lexical category, as observed in other
Tibeto-Burman languages (Teo, 2014; Lotven, 2023).
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Figure 7: Averages in monosyllabic words of the two tonal contours identified by ear,
with word length normalized.
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Figure 8: Averages in sesquisyllabic words of the two tonal contours identified by ear,
with word length normalized.
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5.4 Nasal Vowels

The distribution and phonemic status of nasality needs to be investigated, as it is com-
monly a phonemic feature in Tibeto-Burman languages. This is handled before oral
vowels, in order to clarify which vowels with surface nasalization are environmentally
conditioned, and can therefore be considered allophones of oral vowels.

Nasal vowels occur in nine open syllables, in 15 syllables closed by a and coda [j], and
in twelve syllables closed by a nasal coda [m] or [ŋ]. Analysing the acoustic profile of
the nasalisation in these two contexts suggests a functional difference, where the former
is phonemic, while the latter is coarticulatory. Tokens found in open syllables show the
strongest acoustic signature of nasality, such as a consistent and significantly widened
F₁ bandwidth as shown in Figure 2. The vowels [ə] and [u] show marked nasalization
when followed by a nasal consonant, becoming [ə̃] and [ũ], respectively, occurring in
the environments [ə̃m], [ə̃ŋ], and [ũŋ]. Since the nasal variants of these have formants
in comparable environments to their oral equivalents, and never occur without a nasal
coda, they will be treated as allophones, and are therefore plotted with oral vowels in
Figure 10 instead of in this chapter. This leaves us with the nasal vowels [ʌ̃, ɔ̃, ɛ̃] as the
only tokens that can be safely identified as having distinctive nasalization. Comparing
these with oral vowels in Figure 10, these nasal vowels cannot be trivially derived as nasal
variants of their oral counterparts, which is typologically unusual (Maddieson, 2007).

The nasal tokens [ɔ̃] and [ɛ̃] occupy areas in the vowel space unique to those occupied by
oral vowels, however, nasal [ʌ̃] overlaps extensively with the oral [ʌ], making the F₁×F₂
space alone insufficient to show a phonemic distinction between the two. This leaves
us with minimal pairs such as t͡θʌ̀, ‘face’, and t͡θʌ̀̃, ‘come in’. Other minimal pairs were
also previously noted by Ivani, 2023. Considering this, in addition to having identified
the primary acoustic cues for nasal vowels, nasality can be reasonably interpreted as a
contrastive feature in the major syllable vowels of Suansu.

Looking at Table 5.6, the lack of a coda [n] is apparent, given the presence of both [m]
and [ŋ]. See Chen and Guion-Anderson, 2011 and Johnson, 2011, pp. 202–204 for an
experiment-backed discussion of mergers of nasal codas based on their relative confus-
ability. A possible explanation for both this gap in permissible nasal codas and the overall
presence of phonemic nasal vowels could be that historically coda [n] was allowed, nasal-
ized preceding vowels, then disappeared, leaving behind coda-less nasal vowels: *Vn >
Ṽ.

None of the three possible nasal phonemes identified interact with the top of the vowel
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Figure 9: Nasal vowels. Nasal vowels with coda [m] or [ŋ] are assumed non-
phonemically nasal and excluded from the plot. The following segment, if any, is dis-
played to the right of each point.

space, and we also have notably fewer nasal than oral vowel phonemes. This is not un-
usual, it is a cross-linguistic tendency, as high nasal vowels tend to be the most unstable,
and often either lower, or denasalize, and the acoustic effect of nasalization is known to
affect the perceptual distinctiveness of vowels (Beddor, 1993).

Overall, Suansu’s nasal vowels form a small, distinct subset of the vowel inventory, con-
fined to mid positions, and occupying regions that do not directly correspond to oral
counterparts. [ə̃] and [ũ] are identified as likely allophones of oral vowels conditioned
by a nasal coda, which sets the stage for understanding the broader system of oral vowels.

5.5 Oral Vowels

The remaining vowels were plotted in the F₁×F₂ space, including those conditionally
nasalized by nasal codas, as described in Section 5.4. The tokens containing onglides or
vowel-vowel sequences were excluded from this plot, see Section 5.6 for a discussion on
those. Ellipses represent the area in the vowel space each identified token type occupies.

The overall vowel space has a triangular structure, with a large gap left open between
[e] and [a]. (The nasal ɛ̃ however occurs within this gap.) More generally, a clear gap
between front vowels [i] and [e], and the other non-front vowels can be observed. In the
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back and center of the vowel space there is considerable crowding, with some overlap
between ellipses. This follows what is often typical of Tibeto-Burman languages, which
tend to have more crowding in the rear end of their vowel spaces.
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Figure 10: Major vowel phonemes with individual points for each vowel, and ellipses
marking the approximate vowel space of each cluster. The following segment, if any, is
displayed to the right of each point.

One notable observation from figure 10 is that the vowels [ɯ, i, e] are only found in fully
open syllables, and the only additional environment [a, ʌ] allow is with an offglide [j].
Importantly, it should be noted that [o] is only observed followed by [q]. This makes it
a likely candidate for allophony, possibly as an allophone of [u] in syllables with uvular
codas, a phenomenon also observed in other languages (Hagerup, 2011). The vowel [u]
can also be seen to be split in two smaller clusters, when followed by [ŋ] it is further
backed and opened than in open syllables. Given that [u] is considerably nasalized when
followed by [ŋ], this observation follows how we would expect a vowel’s formants to
behave when nasalized.

The environments that most vowels occur in are quite restrictive. The vowel displaying
by far the most variation in its following environment is [ə]. It is uncertain how this
should be interpreted, but it could be linked to neutralization of possible vowel contrasts
in coda environments displayed by [ə], which other vowels seem to lack. An additional
observation regarding [ə] is that when followed by [j], it is noticeably fronted compared
to its other occurrences.
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F₁ dispersion was the largest for [a], which is consistent with its lowered quality. [ɯ]
forms a fairly tight cluster, except two outliers. Formant measurements for this vowel
were the most troublesome, as properties of preceding consonants bled considerably
into the vowel. This was especially noticeable with fricatives, where most parts of the
following [ɯ] would be heavily fricated. Due to the low occurrence of [ɯ] in the dataset
no further interpretation of this phenomenon could be made, but it is something which
should be investigated further in future work on Suansu’s vowels.

The overall patterning of oral vowels thus suggests an inventory of /a, ʌ, ə, u, ɯ, i, e/,
not atypical of a Tibeto-Burman language. Vowels seem strictly conditioned by their
segmental environment: front vowels remain confined to open syllables, [ə] shows the
widest positional range, allowing all occurring codas. The realization of [u] is heavily
conditioned by the presence of a nasal or uvular coda. Non-high, non-front vowels also
allow a transition into an offglide [j], and the exact way in which this is best treated will
be discussed in the next section.

5.6 Complex Nuclei

In addition to themonophthongs treated in the last two sections, exactly half of thewords
in the dataset contain complex nuclei, consisting of a vowel that includes adjacent ele-
ments such as a preceding semivowel/secondary articulation or diphthong onset, and/or
an offglide. These were identified in the following categories:

1. Prevocalic

(a) Vowel: [i, u, ɯ] (example: aniè ‘bake’)

(b) Semivowel: [j, w, ɰ] (example: anjə́ ‘be fresh’)

2. Postvocalic semivowel: [j]. (example: atàj ‘hold’)

Segments preceding the vowel nucleus were quantified by measuring their duration. It
was found that those with a duration shorter than the following vowel could be consid-
ered semivocalic, and those with a duration longer than the following vowel could be
considered vocalic. This adheres with findings from previous research (Crystal, 2008).
The exception is intervocalic semivowels, which were longer in duration than the fol-
lowing vowel. (Example: ají ‘hold’)

Table 5.6 shows the observed distribution of semivocalic and vocalic segments cooccur-
ring with regular vowels. Note that combinations consisting of both an onglide and a
coda were only observed in əjàj, ‘shine’, apiàj, ‘diverge’, and əmwə̀j, ‘itch’.
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Onglide Nucleus Coda
w ɰ j u ɯ i 0 j q m ŋ
X X X a X X
X ʌ X X
X ə X X X X X

o X
u X X

X X i X
X X X X X e X

ɑ̃ X X
ɔ̃ X

X ɛ̃ X

Table 1: Distribution of onglides and nuclei across coda environments.

Measurements of F₁ and F₂were taken of tokens for onglides [j, w, ɰ], and when plotted,
these tokens overlap respectivelywith the elliptical vowel space drawn for the vowels [i, u,
ɯ]. Though it is sometimes argued that semivowels are always non-syllabic realizations
of underlying vowels (Kaye and Lowenstamm, 1984) as this is a common occurrence
cross-linguistically (Rosenthall and Horn, 2013), it is not always the case (Levi, 2008).

One of these glides, [j], is additionally observed in coda position. Given the cross-
linguistic manner hierarchy that tends to be preferred for coda consonants (nasal > liq-
uid > obstruent > glide) (VanDam, 2004), vowel segments with an offglide [j] would be
best assumed to be diphthongs. This analysis is further supported by the observed dis-
tribution of nasal vowels: nasal vowels can occur with an offglide [j], and if these were
analysed as V+j sequences, the historical development *Vn > Ṽ would require positing
an underlying coda sequence *VGn. Suansu otherwise permits only single-segment co-
das, and no other independent evidence motivates multisegment codas in the language.
Treating Vj as diphthongs therefore preserves the generalization that Suansu syllables al-
low only one coda segment, while allowing nasal vowels to be derived straightforwardly
from earlier Vn sequences in line with the rest of the dataset.

The purpose of including a section such as this was as a contextual analysis to broaden
the perspective from the rest of this work, and explore whether the tokens analysed could
be considered part of the vowel space. As the data used in this analysis is too sparse, and
the acoustic analysis conducted too shallow, no conclusive interpretation can be made,
and further discussion on the topic is left for later work on the phonetics of Suansu.
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6 Conclusion

This study set out to investigate the structural and acoustic properties of the vowel space
of Suansu, focusing on minor versus major syllable types and their properties, tone, and
nasality. Across these domains, the analyses reveal a vowel space that is largely consistent
with typological expectations for Tibeto-Burman languages of north-eastern India.

Minor syllable vowels show reduced, centralized qualities, while major syllable vowels
display a broader range of contrastive features, including tone and nasality. Tone seems
to be contrastive, in a simple system, employing a binary distinction. Nasal vowels occur
in more restricted positions with reduced phonological contrasts compared to oral vow-
els. Lastly, half of all major syllables contain complex nuclei, consisting of vowel–vowel
combinations or combinations of vowels and semivowels, rather than simple monoph-
thongs. Their distribution was briefly explored, but a proper classification must be left
for later, more comprehensive studies.

Together, these findings give an overarching picture of Suansu’s vowel space, along with
the distribution of surrounding segments. The interpretations collectively approach an
answer to the all aspects of the research question, showing that Suansu’s vowel space
contains a combination of features typical of Tibeto-Burman languages of north-east
India.

6.1 Limitations

This study is primarily limited by its small dataset of 186mono- and sesquisyllabic tokens,
as well as by the restricted time and resources available for analysis. This leaves room
for erroneous interpretation, as it is unlikely that all possible vowel environments were
present in the data, biasing interpretation towards environments which were present.
Entire phonemes could easily be missed in such an analysis, as too few occurrences
would likely lead to them being wrongly categorized. It is also a possibility that entire
phonemes by chance simply do not occur in the data analysed. Due to this, the data
discussed in this study should be considered preliminary. All aspects of phonology dis-
cussed, especially the phonemic status of diphthongs, require larger datasets and deeper
investigation.

6.2 Future Directions

This initial phonetic analysis provides a methodological baseline for the study of Suansu
vowels. Its interpretations, along with challenges encountered, define the immediate
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objectives for future fieldwork efforts on this underdescribed Tibeto-Burman language,
and paves the way for subsequent investigations into the vowel space of Suansu.
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