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Abstract: The present study measures the phonological distances between 335 
spoken lects of Eurasia using Phonotacticon 1.0, a cross-linguistic database, and 
explores whether phonologically similar lects form areal patterns within Eurasia. 
Results indicate that phonological clusters tend to form geographical clusters, 
which divides Eurasia horizontally into eastern (East/Southeast Asia), central 
(South/Central/North/West Asia), and western (Europe) regions. The convergence 
patterns in the phonological domain overlap with morphosyntactic convergence 
patterns measured via Grambank to some degree, but not entirely, suggesting 
the domain-specific nature of areal convergence. Finally, comparison with the 
genealogical distances between the sample lects shows that morphosyntactic 
distances, but not phonological distances, are significantly correlated with the 
number of shared genealogical layers, implying that morphosyntax is more 
conservative to genealogical heritage compared to phonology.
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1 Introduction

How close is English phonology to French phonology? Is the phonological distance 
between English and French closer than the phonological distance between En-
glish and Mandarin Chinese? Surely, there are many phonological features that 
English and French have in common but not shared by Mandarin, such as complex 
onsets and obstruent codas. Mandarin also has phonological characteristics that 
distinguish it from both English and French, such as lexical tones and retroflex
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consonants. But how can we quantify these featural differences to compare one 
distance to another?

The goal of this paper is to quantify the phonological distance between different 
Eurasian lects (linguistic varieties, commonly referred to as LANGUAGES or DIALECTS) to 
compare the distance between a pair of lects to the distance between another 
pair. The ultimate goal is to detect phonologically similar lects within Eurasia to 
see whether they form areal patterns. In order to attain this goal, we employ 
Phonotacticon 1.0 (Joo and Hsu 2025), a cross-linguistic database of the basic 
phonotactic information of 516 spoken lects of Eurasia.

2 Background

The term PHONOLOGICAL DISTANCE is ambiguous and may refer to two different con-
cepts. One meaning is the distance between the forms of two phonological sequences 
(lect-internally or cross-linguistically), such as measuring whether /mæn/ is closer to 
/pæn/ than it is to /kæn/. As an example, Do and Lai (2021) provide a model of 
measuring the distance between two phoneme sequences, combining segmental and 
suprasegmental features. We name this type of phonological distance INTERSEQUENTIAL
PHONOLOGICAL DISTANCE.

The second meaning is the distance between the phonological structures of two 
lects. How close is English phonology to Turkish phonology, in terms of phonological 
inventory, phonotactic constraints, or segmental frequency? And is the distance 
closer than the distance between English phonology and Japanese phonology? In 
contrast to the intersequential phonological distance, we call this type of phono-
logical distance INTERSTRUCTURAL PHONOLOGICAL DISTANCE.

Various papers have measured interstructural phonological distances in 
different ways: based on distinctive features (Afendras 1970; Avram 1964; Kučera and 
Monroe 1968; Nikolaev 2019; Postovalova 1966), segmental frequency (Tambovtsev 
2001), text or audio corpora (Eden 2018), phonotactic constraints (Macklin-Cordes 
et al. 2021), or acoustic qualities (Harnud and Zhou 2021). The diversity of the 
methodologies suggests that there is no one correct solution to the problem of 
quantifying phonological distance, but many possible ways.

One of the areas not covered sufficiently by previous work, however, is 
comparing multisegmental sequences (for example, the English complex onset /spl-/ 
to a complex onset of another lect), as opposed to comparing singleton segments (for 
example the English phoneme /s/ to a phoneme of another lect). In this paper, we will 
employ Phonotacticon (Joo and Hsu 2025), which contains the sequential information 
of the onset, nucleus, and coda position of each spoken lect, to fill in this gap.
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3 Distance measuring

In this section, we will explain our phonological distance measuring method as 
follows. First, we present the two databases we use for the distance measuring, 
namely Phonotacticon 1.0 (Joo and Hsu 2025) and PanPhon (Mortensen et al. 2016) 
(Section 3.1). Before using these databases, we tidy up the Phonotacticon data 
by modifying or excluding sample lects with underspecified information, i.e. lects 
that do not contain sufficient information on what sequences are allowed in onset/ 
nucleus/coda positions (Section 3.2). Next, we measure the distance between each 
pair of sequences, e.g. the distance between /p/ and /pl/ or that between /pl/ and /spl/ 
(Section 3.3). Based on these sequence-to-sequence comparisons, we calculate the 
distance between the onset/nucleus/coda inventory of each lect to the corresponding 
inventory of another, i.e. the onset inventory (= the set of sequences permitted in the 
onset position) of a lect versus the onset inventory of another, and so on (Section 3.4). 
Next, we calculate the tonal distance between each pair of lects based on the number 
of tones (Section 3.5). Finally, based on the onset/nucleus/coda/tone distances, we 
calculate the overall phonological distances between each pair of lects (Section 3.6).

3.1 Databases

We measure the phonological distance between Eurasian lects using Phonotacticon 
1.0, which is available at zenodo.org/records/10623743. It consists of each of the 
516 Eurasian spoken lects’ segmental sequences in the onset, nucleus, or coda 
position. For example, /spl/ is an onset sequence of English, composed of three 
segments: /s/, /p/, and /l/. Note that onsets, nuclei, or codas that consist of only one 
segment are also referred to as “sequences” here. In addition, the tones of each lect 
(or lack thereof) are also recorded in Phonotacticon. Finally, a lect may contain an 
additional explanatory note.

As an example, Table 1 shows the entry of Jiongnai Bunu [jion1236] (Hmong-
Mien, Mao and Li 2002). <#> represents an empty onset or an empty coda. For further 
details of the database, see Joo and Hsu (2025).

Another database we employ for our analysis is PanPhon (Mortensen et al. 2016), 
which contains an exhaustive list of IPA segments and the featural values of each 
segment. We have slightly modified PanPhon to render it more compatible with our 
analysis (the modified version is available at zenodo.org/records/10623743).

Based on the featural vectors and the number of tones per lect, we can calculate 
how phonologically similar two Eurasian lects are to each other. The notion of 
phonological similarity here, however, is limited to what sequences are permitted in
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the onset/nucleus/coda positions and the number of tones due to the nature of the 
database. There is certainly more to a lect’s phonology than just the number of its 
tones and the featural and phonotactic values of its segments, such as allophonic 
variations, morphophonemic rules, stress patterns, and phonotactic restrictions 
beyond syllabic boundaries.

Yet, we argue that the distance measured via Phonotacticon is rightfully called 
“phonological distance” (and not “phonotactic distance”) because we can retrieve 
from the database most of the phonological parameters that are typically used by 
typologists when making phonological comparisons. To illustrate this point, we refer 
to another database as an example, the World Atlas of Language Structures (WALS) 
Online (Dryer and Haspelmath 2013), a database containing the 192 typological 
features and the featural values of thousands of lects worldwide. Among the 192 
features, twenty are phonological, and of the twenty phonological features, only four 
features would be completely irretrievable from Phonotacticon: FIXED STRESS LOCATIONS,
WEIGHT-SENSITIVE STRESS, WEIGHT FACTORS IN WEIGHT-SENSITIVE STRESS SYSTEMS, and RHYTHM TYPES.
Other than these suprasegmental features, all other phonological features, such as 
LATERAL CONSONANTS and VOWEL NASALIZATION, are at least partially or indirectly retrievable 
from Phonotacticon. Thus, in comparison with a well-cited cross-linguistic database 
such as WALS, the phonological information we can gain from Phonotacticon is not 
exceedingly imbalanced (at least for the purpose of typological comparison), which 
justifies the Phonotacticon-based distance being named “phonological distance”.

3.2 Underspecified sample lects

In Phonotacticon, some lects are described with underspecified segments (such as 
<P> for plosives) or sequences with brackets (such as [p t k][l r] for any sequence with

Table : Phonotacticon . entry of Jiongai Bunu.

Section Content

Phoneme p pʰ nb np m m̥ f v v̤ w w̥ θ ð t tʰ nd nt n n̥ l l̥ tʃ͡ tʃ͡ʰ ⁿd ͡ ʒ n tʃ͡ ʃ ɲ ɲ ̥ ʑ ʑ̤ k kʰ nɡ nk ŋ ŋ ̥ x i e a ɔ o u ə j
Tone        

Onset p pʰ nb np m m̥ f v v̤ w w̥ θ ð t tʰ nd nt n n̥ l l̥ tʃ͡ tʃ͡ʰ ⁿd ͡ʒ ntʃ͡ ʃ ɲ ɲ ̥ ʑ ʑ̤ k kʰ nɡ nk ŋ ŋ ̥ x pl pʰl npl kl kʰl nɡl pj
ⁿbj mj θj ðj tj tʰj ndj nj n̥ j lj l̥j tʃ͡j ʃj kj kʰj nɡj nkj pw pʰw nbw mw θw ðw tw tʰw ndw ntw lw tʃ͡w nd ͡ʒw ʃw
ɲw kw kʰw nɡw klw

Nucleus ŋ i e a au ɔ ɔu o u ui ə
Coda # n ŋ
Note <v̥ ʑ ̥ > transcribed as /v̤ ʑ̤/.
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/p/, /t/, or /k/ as the first segment and /l/ or /r/ as the second segment). For computa-
tional purposes, we converted these underspecified segments and sequences into 
specific segments and sequences. For example, a lect that has /P/ as a possible onset 
goes through the process of converting /P/ into all plosive phonemes it has. A lect that 
has [p t k][l r] as possible onset sequences goes through converting [p t k][l r] into all 
the logically possible combinations, i.e. /pl pr tl tr kl kr/.

We also excluded sample lects that have sequences including two or more 
consecutive <C> symbols (representing “consonant”), such as <CC> or <CCC>. This is 
because such transcriptions would lead to too many possible sequences. For 
example, one of the English [stan1293] coda sequences as coded in the database is 
/CCCs/ (Gut 2009). Converting this into any three English consonants followed by /s/ 
would generate too many typologically improbable clusters, such as /ssss/ or /ltms/. 
Thus, lects whose sequences include consecutive C’s were excluded.

Likewise, lects that have bracketed segments with too many members were 
excluded. For example, one of the possible onsets of Czech [czec1258] as coded in 
the database is [p b f v m t d s z n c ɟ ʃ ʒ ɲ k ɡ x h l r r̝ j][p b t d ɡ f v s z ʃ ʒ x j r r̝ l m n ɲ] 
(Bičan 2011). This means any biconsonantal sequence whose first member is any one 
of the 23 segments within the first brackets followed by any one of the 19 segments 
within the second brackets. As this would generate 437 logically possible sequences, 
including many onset sequences that do not exist in Czech (such as /pb/, /bt/, or /fm/), 
it would be overly problematic. All sequences involving ten or more segments within 
brackets followed by ten or more segments within brackets were excluded.

Approximately a fourth of the sample lects were excluded for having either 
consecutive C’s or a sequence of ten or more bracketed segments. Moreover, lects 
with missing information in any one of the onset/nucleus/coda slots were excluded. 
This leaves us with a subset of 335 sample lects out of 516. As a reviewer pointed out, 
this exclusion biases the sample against lects with more complex syllable structures, 
as those are more likely to be described by consecutive C’s compared to lects with 
simpler syllable structures.

3.3 Measuring the distance between sequences

In this section, we will show how we measure the distance between two sequences, 
e.g. between /pl/ and /spl/.

In order to measure the distance between sequences, it is necessary to measure 
the distance between segments. In measuring the segmental distance, we employ 
Saporta’s (1955) method, henceforth referred to as the SAPORTA DISTANCE. The Saporta 
distance is the Manhattan distance between the two vectors of featural values, each 
of which may be of 1 (positive), −1 (negative), or 0 (absent). Saporta (1955)
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distinguishes a (full) contrast between a positive featural value and a negative one, 
which he weighs as two units of difference, from a “semi-contrast” between a positive 
or negative featural value and the absence of a featural value, which he weighs as 
one unit of difference. Here, we adopt his view that a full contrast between two 
opposing values can be weighed heavier than a contrast between a value and the 
absence of it, since the former is the distance between two opposing values whereas 
the latter is the distance between one value and the absence of it. To make an analogy 
to visual perception, the contrast between two complementary chromatic colors 
(color pairs that have opposing hues, such as blue vs. yellow or red vs. cyan) is 
perceptually more salient than the contrast between a chromatic color and an 
achromatic color (i.e. black, white, and the shades in between), which lacks hues 
(analogous to featural values in phonology).

As an example, Table 2 shows the featural values of /t/ and /p/. The gap column 
shows the difference between each of /t/’s featural value and the corresponding

Table : The Saporta distance between /t/ and /p/.

Feature t p GAP

Syllabic − − 

Sonorant − − 

Consonantal   

Continuous − − 

Delayed release − − 

Lateral − − 

Nasal − − 

Strident   

Voiced − − 

Spread glottis − − 

Constricted glottis − − 

Anterior   

Coronal  − 

Distributed −  

Labial −  

High − − 

Low − − 

Back − − 

Round − − 

Velaric − − 

Tense   

Long − − 

SUM 
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featural values of /p/. For instance, /t/’s [syllabic] feature is −1 and /p/’s is also −1, their 
gap being 0, whereas the [labial] feature of /t/ is −1 and that of /p/ is 1, the gap being 2. 
The sum of these gaps is 5, which is the Saporta distance between /t/ and /p/.

We will apply the Saporta distance method to measure the distance between 
sequences. For example, in order to compare the distance between /pl/ and /spl/, we 
calculate the distance between all the logically possible mappings between the two 
sequences within six segment slots, as shown in Table 3. The number of segment slots 
was chosen as six as it is the maximal number of sequences among the sample lects. 
The distance between the two sequences in a given meaning is defined as the sum of 
the distances between each mapped pair, including the mappings where one 
member is an empty slot. An empty slot is considered to be a segment that has the 
value 0 for all phonological features. Among the possible mappings shown in Table 3 
(which does not include duplicate mappings with the same distance value), the third 
mapping yields the minimal distance between /spl/ and /pl/, as the sum of the distance 
between /s/ and zero values (20), between /p/ and /p/ (0), and between /l/ and /l/ (0). The 
distance between /spl/ and /pl/ is thus 20 + 0 + 0 = 20. 1 Note that, since the segment 
slots are limited to six, this model does not yield all logically possible mappings for 
longer sequences: comparing a sequence of six segments to another sequence with 
six segments, for example, will yield only one mapping.

As an example, Table 4a shows the twenty sequences that are the most similar to 
/pl/ and Table 4b those to /ia/. Note that [a], [ă], and [æ] are not featurally distinct in 
PanPhon, as they are all low front unrounded vowels. The distance between /ia/, /iă/, 
and /iæ/ is thus zero.

Table : Five possible mappings between /spl/ and /pl/.

      Distance

Mapping  s p l 

p l
Mapping  s p l 

p l
Mapping  s p l 

p l
Mapping  s p l 

p l
Mapping  s p l 

p l

1 We thank Huisu Yun for providing us with this idea.
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Table : Sequences most similar to /pl/ and /ia/.

Sequence Distance

(a) /pl/

pl 

p + l 

bl 

p h l 

pl̥ 

p’l 

n pl 

pˀl 

pl j 

fl 

p ͡ fl 

plˠ 

m̥ l 

bl̥ 

b̤l 

p h l̥ 

pz 

n bl 

bˀl 

ɓl 

(b) /ia/

ia 

iă 

iæ 

ie 

ea 

iã 

iĕ 

iæ̃ 

ɪa 

iaː 

iːa 

ĩa 

ɨa 

ia̰ 

eæ 

iæː 

iːæ 

iɑ 

iɛ 

iːe 
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3.4 Measuring the inventory distance between lects

In this section, we will show how we measure the distance between two lects in terms 
of onset, nucleus, and coda inventories.

We calculate the distance between two lects within the same category (onset, 
nucleus, or coda). The distance between the onset/nucleus/coda sequences of 
two lects is defined as follows. Let M A and M B be the matrices representing the 
phonological feature values of the onset/nucleus/coda sequences of lect A and lect 
B, respectively. Let MD be the distance matrix between M A and M B . The distance 
between the onset/nucleus/coda forms of A and B is the average value of the mini-
mum values of rows or columns of MD, whichever is higher.

As an example, suppose that A allows three onset sequences, /p m t/, and B two 
onset sequences, /p t/. (Although /p m t/ are singleton segments, the term SEQUENCE is 
meant to include singleton segments as “sequences” with only one segment.) The 
comparison between A and B is shown in the Table 5. The last column and the last row 
shows the minimum value of each row and each column, respectively. The average 
value of the minimum column (the comparison from lect 1 to lect 2) is (0 + 6 + 0)/3 = 2, 
whereas the average value of the minimum row (the comparison from B to A) is 0. 
The bigger value of these two is selected. Thus, the onset distance between A and 
B is 2.

Using this formula, we calculate the distance of onset, nucleus, and coda of each 
pair of lects.

3.5 Measuring the distance between tones

Next, we calculate the distance between the tones of each pair of lects. Tones are 
suprasegmental distinctions of lexemes, mainly by pitch, but often in combination 
with other acoustic cues, such as length, creakiness, and breathiness. In Eurasia, 
tonal lects are mostly concentrated in Mainland Southeast Asia, although they also

Table : Comparison between lect A with the onset 
sequences /p m t/ and lect B with the onset sequences /p t/.

A/B p t Min

p   

m   

t   

Min  
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exist in other areas, such as Swedish [swed1254] (Riad 2013) in Europe and Eastern 
Panjabi [panj1256] (Bhatia 1993) in South Asia.

The distance between tonality is defined as the Canberra distance between the 
numbers of tonemes of two lects. Let T1 be the number of tonemes lect 1 has and T2 
the number of tonemes lect 2 has. The distance betwen lect 1 and lect 2 is:

|T 1 − T 2|
T 1 + T 2 (1)

For example, Burmese [nucl1310] (Jenny and Hnin Tun 2016) has three tonemes, 
whereas Yue Chinese [yuec1235] (Bauer and Benedict 1997) has six. The tonal dis-
tance between two lects is thus:

|3 − 6|
3 + 6 = 

1
3 

(2)

If both lects have 0 tonemes, then the distance between the two lects is 0.

3.6 Measuring the overall distance

We then calculate the overall distance, which is the Euclidean distance between each 
pair of lects based on their four normalized distances (onset, nucleus, coda, and 
tone).

Admittedly, assigning equal weight to the four types of distances is a rather 
simplistic approach. As a reviewer of a previous version of this paper pointed out, 
given the wider articulatory variance of consonants compared to that of vowels, the 
distance of onsets and codas, which mainly consist of consonants, may merit more 
weight than the distance of nuclei, which mainly consist of vowels. Additionally, 
weighing the tonal distance equally to the three segmental distances may also be a 
problem, since unlike the segmental distances, the tonal distances are not normally 
distributed. As there are more atonal lects than tonal lects, the tonal distances are 
unevenly distributed to the two extremes of 0 (two atonal lects or two tonal 
lects with the same number of tones) and of 1 (a tonal lect versus an atonal lect). 
Paradoxically, weighing tones equally as segmental categories lects may result in a 
wider distance between tonal and atonal lects compared to the distance between 
lects that may not differ in tonality but may differ significantly in terms of 
segmental phonotactics. We chose this method of equal weighing regardless, given 
that it is difficult to determine exactly how much weight should be assigned to the 
tonal difference compared to segmental differences and naively assuming equal 
weight seemed to be the optimal solution. A more sophisticated weighing of the four 
types of distances that does justice to the different levels of variance and
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distribution of the four parameters is warranted in the future analyses of phono-
logical distance using Phonotacticon.

The full list of phonological distances measured using this methodology 
is available at ianjoo.github.io/PhonoDist.csv. The R Markdown script 
used for the calculation can be downloaded from github.com/ianjoo/ 

PhonotacticonLinguistics.

As an example of the overall distance between two closely related lects, Table 6 
shows the calculation of the overall distance between (Central) Thai [thai1261] 
(Iwasaki and Ingkaphirom 2005) and Northeastern Thai [nort2741] (Kongsin 1979). 
The onset/nucleus/coda/tone distances refer to the normalized distance values minus 
the minimal value (rounded to the second decimal), whereas the overall distance 
refers to the Euclidean distance of the four distances. We see that the codas of the 
two lects are identical, the number of tones differ only by one, the nuclei are largely 
similar, and the biggest difference lies in the onsets, Thai permitting complex onsets 
whereas Northeastern Thai does not. 2

To put it into perspective, Table 7 shows the overall distance calculation between 
Thai and Dutch [dutc1256] (Booij 1999). In all four dimensions, the distance is 
greater. The biggest difference is the number of tones, as Dutch completely lacks 
tones. The difference between coda distances of the two pairs is also significant, as 
Dutch allows complex codas, unlike Thai or Northeastern Thai. Onset and nucleus 
distances between Thai and Dutch also differ from those between Thai and North-
eastern Thai, albeit to a lesser degree.

As an example of how the measured distances reflect areal convergence 
patterns, Table 8 shows the twenty sample lects closest to Hindi [hind1269] (Kachru 
2006). We see that, unsurprisingly, the majority of the lects are spoken in South Asia.

Table : Overall distance between Thai and Northeastern Thai.

Thai Northeastern Thai Distance

Onset b d p t c k ʔ pʰ tʰ cʰ kʰ f s h m n ŋ l r w j 
pr tr kr kw pl kl pʰr kʰr kʰw pʰl kʰl

p t k ʔ pʰ tʰ kʰ b d cç͡ m n ɲ ŋ f s h l w j .

Nucleus i ʉ u e ə o ɛ a ɔ iː ʉː uː eː əː oː
ɛː aː ɔː ia ʉa ua

i iː ɨ ɨː u uː e eː ə əː o oː ɛ ɛː a aː
ɔ ɔː iə ɨə uə

.

Coda # p t k ʔ m n ŋ w j # p t k ʔ m n ŋ w j .
Tone H M L R F M L H F R MR    .
Overall .

2 Note, however, that complex onsets are frequently simplified in Central Thai as well, depending on 
the sociocultural context (Beebe 1975).
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(Urdu [urdu1245], mutually intelligible with Hindi, is not present as a sample 
lect.) They include not only sister lects belonging to the (Indo-Aryan branch of) the 
Indo-European family, but also the other lects spoken across South Asia, namely 
Dravidian, Austroasiatic, Sino-Tibetan, and the lect isolates Nihali [niha1238] 
(Nagaraja 2014) and Burushaski [buru1296] (Yoshioka 2012). This clearly

Table : Overall distance between Thai and Dutch.

Thai Dutch Distance

Onset b d p t c k ʔ pʰ tʰ cʰ kʰ f s h m n ŋ l r 
w j pr tr kr kw pl kl pʰr kʰr kʰw pʰl 
kʰl

# p b t d k ɡ f v s z x ɣ h m n ŋ l r ʋ j pj tj kj tw dw sw 
zw fj sj pl bl pr br tr dr fl vl fr vr sl xl xr ɣl ɣr sm sn 
kn pn fn ɣn sp st sk sf sx spr str skr spl skl sxr

.

Nucleus i ʉ u e ə o ɛ a ɔ iː ʉː uː eː əː oː ɛː aː ɔː 
ia ʉa ua

ɪ ɛ ɔ ɤ ɑ i y u e ø o a ə ɛi œy ɔu .

Coda # p t k ʔ m n ŋ w j # p b t d k ɡ f v s z x ɣ m n ŋ l r ʋ j lm rm rn lp lf lv lk 
lɣ rp rf rv rk rx rɣ sp st sk

.

Tone H M L R F – .
Overall .

Table : The twenty lects closest to Hindi.

Family Lect Distance

Dravidian Jennu Kurumba .
Indo-European Kotia-Adivasi Oriya-Desiya .
Indo-European Sindhi .
Austroasiatic Korku .
Indo-European Lambadi .
Indo-European Konkan Marathi .
Nihali Nihali .
Dravidian Korra Koraga .
Indo-European Saurashtra .
Dravidian Sholaga .
Dravidian Kui (India) .
Dravidian Muduga .
Indo-European Kashmiri .
Sino-Tibetan Duhumbi .
Dravidian Kodava .
Indo-European Halbi .
Indo-European Nuristani Kalasha .
Indo-European Vaagri Booli .
Uralic Pite Saami .
Dravidian Waddar .
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demonstrates the high degree of convergence between Hindi and other lesser-
spoken lects of India, although the directionality of convergence is less clear.

4 Clustering

Based on the phonological distances, we cluster similar lects into a few groups to 
investigate areal patterns. We use two clustering algorithms: k-means clustering and 
divisive analysis clustering.

k-means clustering (Lloyd 1982) is a statistical method to divide observations into 
k number of clusters such that the variance within each cluster is minimized. Based 
on the distances of each lect from other lects, we can group the lects into any number 
of clusters to see whether the lects are clustered geographically on a map of Eurasia, 
thereby forming phonological areas. Since fewer clusters are more reliable than 
larger number of clusters, here we only show the first three numbers of clustering: 
two (Figure 1), three (Figure 2), and four (Figure 3).

From the visualized k-means clustering, we observe that phonological clusters 
also tend to form geographical clusters, confirming the prediction of the areality of

Figure 1: Two phonological clusters of Eurasia.
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Figure 2: Three phonological clusters of Eurasia.

Figure 3: Four phonological clusters of Eurasia.
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phonological convergence among the lects of Eurasia. The clusters do show some 
degree of areal inconsistency, however. It appears to be at four clusters (Figure 3) 
that areal inconsistency becomes considerably high, suggesting that the optimal 
number of clusters is three (Figure 2). The ternary clustering horizontally divides 
Eurasia into three clusters: eastern (i.e. East/Southeast Asia), central (i.e. South/ 
North/Central/West Asia), and western (i.e. Europe). This ternary division may be a 
useful way to frame the areal landscape of the Eurasian macroarea.

Unlike k-means clustering, divisive analysis clustering divides the samples into 
groups until every sample is divided from each other. The Appendix shows a 
dendrogram of the hierarchically clustered Eurasian sample lects using the this 
algorithm. This clustering also reflects a ternary division of east/central/west: The 
first branching divides eastern Eurasia from the rest of Eurasia, while the second 
branching divides the rest of Eurasia into Europe and central Eurasia. (The second 
branching of eastern Eurasia does not appear to be areally consistent.)

5 Multidimensional scaling

We have also performed multidimensional scaling (k = 3) to visualize the distance 
between Eurasian lects. It is available at ianjoo.github.io/PhonoMDS.html as an 
interactive map.

It should be noted that the more syllabically complex a lect is, the longer the 
overall distance between that lect and others tend to be. In other words, due to the 
nature of the distance calculation method, lects with simple syllabic structures tend 
to have a shorter average distance from all other lects, whereas lects with complex 
syllabic structures tend to have longer average distance from all other lects. This is 
because the more possible onset/nucleus/coda forms a lect has, the higher the 
probability that those forms are distinct from the onset/nucleus/coda forms of other 
lects. This explains why the Mainland Southeast Asian lects, known for their simple 
syllabic forms, are tightly clustered, whereas the Eurasian lects, whose syllabic forms 
tend to be complex, are scantly clustered in the multidimensional scaling.

From the multidimensional scaling we can see that Georgian [nucl1302] 
(Butskhrikidze 2002) and Aromanian [arom1237] (Caragiu-Marioţeanu 1968) are 
clear outliers. Georgian is well known for allowing a vast amount of onset clusters, 
including typologically rare ones, such as triconsonantal plosive sequences or 
plosive-fricative-plosive sequences. While Laz [lazz1240] (Lacroix 2009), the other 
Kartvelian lect in the database, also has a long list of onset clusters, Georgian has a lot 
more. In addition, because the triconsonantal and quadriconsonantal sequences 
were not exhaustively listed in Butskhrikidze (2002), they were transcribed in 
underspecified segment symbols (e.g. <FPR> for fricative-plosive-sonorant

Phonological distances between Eurasian lects 15



sequences), which in our analysis were converted into all logically possible se-
quences based on the Georgian phonemic inventory (e.g. <FPR> converted into all 
logically possible sequences of Georgian fricative, plosive, and sonorant phonemes). 
This process makes the list of Georgian complex onsets even more diverse in our 
analysis, although to what degree this converting algorithm contributed to 
increasing the diversity is unclear. The great diversity of its complex onsets (which 
was further increased by our algorithm at least to some degree) may have placed 
Georgian as an outlier from other lects of Eurasia.

As for Aromanian, its outlyingness may be partially due to the consulted source 
(Caragiu-Marioţeanu 1968) analyzing it as completely codaless, analyzing all word-
medial clusters as onset clusters instead of dividing them into codas and onsets, 
including clusters such as /mbl/ or /ntr/. Such onset clusters are typologically rare, as 
they violate the sonority sequencing principle (Clements 1990). Moreover, being 
codaless is by itself somewhat rare, only attested among certain Southeast Asian lects 
elsewhere in Eurasia, such as some Hmong-Mien lects (Hmong Njua [hmon1264], 
Harriehausen 1990; Western Xiangxi Miao [west2430], Sposato 2015). While we have 
mostly followed the consulted literature’s analysis and have coded Aromanian as 
codaless, had we consulted a source that analyzes Aromanian as having codas (e.g., 
Nisioi 2014), the phonological distances measured between Aromanian and other 
lects may have been considerably shorter.

6 Machine-learning prediction of linguistic areas

In this section, we use the phonological distances between Eurasian lects to test the 
previous hypotheses on the linguistic areas of Eurasia. A linguistic area (also known 
as a SPRACHBUND) is a geographical area home to multiple lects that share a number of 
linguistic features due to historical contact and not genealogical relationship. In 
other words, it is a geographical group of linguistic convergence.

Six major linguistic areas of Eurasia often discussed in the literature are:
– Northeast Asia (Whitman (Hölzl 2018; Whitman 2016))
– Qinghai-Gansu (Dwyer 2013; Janhunen 2006; Xu 2017)
– Mainland Southeast Asia (Comrie 2007; Enfield 2018; Sidwell and Jenny 2021;

Vittrant and Watkins 2019)
– South Asia (Abbi 2018; Emeneau 1956, 1969; Masica 2005)
– Europe (Haspelmath 1998, 2001)
– Caucasus (controversial – proponents include Chirikba 2008; Daniel and Lander 

2011; opponents include Catford 1977; Tuite 1999)
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While there are certainly many more linguistic areas in Eurasia previously argued 
for, most famously the Balkan sprachbund (Mišeska Tomić 2006), the six major areas 
above are, according to the areal literature so far, the highest layers of linguistic 
areas and not those that form a subset of these six (such as the Balkans, which is part 
of Europe).

To test the validity of these linguistic area hypotheses (at least in the phono-
logical domain), we will examine how well machine learning predicts the area of a 
lect given its phonological distance from other lects. For example, based on how 
similar German is to other Eurasian lects, can we predict that it is spoken in Europe? 
If machine learning, when given the phonotactic details of half of the sample lects 
hypothetically belonging to a linguistic area, can predict well which sample lects are 
the other half of the sample lects belonging to the same area, we will be able to 
conclude that the information provided by Phonotacticon is sufficient to make 
generalizations on areal similarities, validating the claim that the phonotactic in-
formation coded in Phonotacticon can demonstrate linguistic areahood (in the 
phonological domain).

We first divide the Eurasian lects into six different regions solely based on their 
geographical coordinates: Northeast Asia, Mainland Southeast Asia, Qinghai-Gansu, 
South Asia, West Asia, and Europe. We exclude the Caucasus due to its controversial 
status as a linguistic area and the fact that the clustering and multidimensional 
scaling analyses (Sections 4 and 5) do not seem to suggest that Caucasian lects tend to 
cluster. While West Asia has not been frequently discussed as a potential linguistic 
area, it is nevertheless posited as a region so that every Eurasian lect will belong to 
one region. Figure 4 visualizes the lects in the predefined seven regions.

The goal is to train a model based on phonological distance to see how well it 
predicts in which of these six areas a given lect is spoken. We train the naive Bayes 
classifier based on half of the lects and their distance from other lects. First, we divide 
the sample in half by area. (The proportion of the areas is thus equal in the halved 
sample.) Then we train the classifier in the first half and test it on the other half. We 
also perform the opposite by training the second half and testing it on the first half. 
Finally, we join the two halves.

The results show that the accuracy of the predictions (0.61) is significantly higher 
than the No Information Rate (0.42, p < 0.001), suggesting that the naive Bayes 
classifier can predict whether a given lect belongs to a pre-defined linguistic area 
with a significant level of accuracy. The kappa value (0.47) also shows that the model 
successfully predicts the areas to a moderate degree.

The F1 values of individual classes (Table 9) show that the model predicts some 
areas better than others. Mainland Southeast Asia and South Asia are predicted well 
and Qinghai-Gansu only poorly so. This may be partly because of the uneven sample 
size across different regions, Qinghai-Gansu being the smallest with only nine
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sample lects. West Asia, although not previously discussed as a linguistic area, is 
predicted quite reliably.

Figure 5 is the visualization of the lects by their predicted areas. Overall, the 
naive Bayes classifier predicts well the six linguistic areas, not including Qinghai-
Gansu, which may be due to the small sample size.

Figure 4: Sample lects divided by geographically pre-defined regions of Eurasia.

Table : F values of individual classes.

Class F

Europe .
Mainland Southeast Asia .
Northeast Asia .
Qinghai-Gansu .
South Asia .
West Asia .
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7 Testing the correlation between geographical 
distance and phonological distance

We will also test the hypothesis that geographical distance is correlated with 
phonological distance; in other words, the closer two lects are geographically, the 
closer they tend to be phonologically.

In order to test this hypothesis, we use Burushaski [buru1296] as a point of 
reference. Burushaski is a lect isolate spoken by the Burusho people in the north-
ernmost valleys of Pakistan (Yoshioka 2012). As it is genealogically an isolate and 
geographically located in the central part of Eurasia, it can be an optimal scale to 
measure the correlation between geographical and phonological distance. The 
refined hypothesis is thus: the closer a Eurasian lect to Burushaski geographically, 
the closer it will be phonologically.

Figure 5: Map of sample lects and the areas they were predicted to belong to.
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As shown in Section 4, geographically close lects also tend to show similar 
phonological patterns. Thus, spatial autocorrelation must be tested for the lects’ 
distances to Burushaski. First, we define the geographical neighbors of each lect. The 
neighbors of each lect are defined as the lects whose geographical coordinates are 
within the maximal distance of any lect to its nearest lect. In other words, we defined 
neighborhood such that every lect will have at least one geographical neighbor.

We then generate a spatial weight matrix based on binary weight. The value of 1 
is assigned to each neighboring-lect pair, while the value of 0 is assigned to other 
pairs. The rows are then standardized so that all the neighbor weights of each lect 
add up to 1. Moran’s I test based on this spatial weight matrix validates the spatial 
autocorrelation (p < 0.001). Finally, using this spatial weight matrix, we perform a 
spatial regression analysis based on the spatial lag model. The results show that 
geographical distance to Burushaski is not significantly correlated with the phono-
logical distance to it (p > 0.05). The phonological distance of each lect to Burushaski, 
rounded to the closest integer, is visualized in Figure 6. Based on this observation, we 
fail to draw the conclusion that phonological distance is correlated with geographical 
distance in Eurasia.

Figure 6: Each Eurasian lect’s phonological distance from Burushaski, rounded to the closest integer.
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8 Comparison with morphosyntactic distance

Convergence may be domain-specific; that is, convergence in one domain does not 
entail convergence in other domains. Meakins and Pensalfini (2021) show that two 
Australian lects, Jingulu [djin1251] and Mudburra [mudb1240], share a great deal 
of mutually borrowed vocabulary but retain each of their distinct grammar. François 
(2011) demonstrates how northern Vanuatu lects (all belonging to the Oceanic branch 
of the Austronesian family) have phonologically and lexically diverged but show a 
great degree of syntactic isomorphism. Donohue (2013: 223) takes Basque and 
Dravidian lects as examples where the dominant Indo-European lects have affected 
their phonology and Khoi-San as an example of lects having received morpho-
syntactic influence from the Niger-Congo superstratum. Thus, the phonological 
convergence patterns we have seen so far do not necessarily imply that similar 
morphosyntactic convergence has emerged.

However, given that phonological convergence is mostly motivated by contact 
and that lects in contact are likely to converge in both phonological and morpho-
syntactic domains, it is plausible that similar morphosyntactic convergence patterns 
have occurred throughout Eurasia. The two domains of areality could be parallel in 
some regions of Eurasia and differ from each other in other regions, which would 
both be equally interesting.

In order to compare the phonological areal patterns to morphosyntactic 
areal patterns, we measure the morphosyntactic distance between Eurasian lects 
using Grambank 1.0 (Skirgård et al. 2023). Grambank 1.0 is a database consisting 
of 2,457 lects and their values of 195 morphosyntactic features, of which 189 are binary 
parameters (e.g. Is there a gender distinction in independent 3rd person pronouns?). As 
it does not contain information on phonological features, Phonotacticon can serve as a 
good complement to Grambank. The two databases used in comparison can cross-
validate areal patterns in Eurasia or discover domain-specific patterns.

Based on the 189 binary features of Grambank, we calculated the Manhattan 
distance between each pair of lects, whose vectors consist of 1 (positive), −1 (nega-
tive), or 0 (unknown) values of each feature. (Ca. 13 % of all feature values are marked 
as unknown.) Then, based on k-means clustering, we clustered the Eurasian lects into 
two, three, and four clusters, visualized in Figures 7–9.

The clusterings based on Grambank are much more neatly defined compared to 
the those based on Phonotacticon. One reason for this difference could be that, as we 
will discuss in Section 9, morphosyntactic features may be genealogically more con-
servative than phonological features. The genealogical conservatism may have led the 
lects in the same family to be clustered together (which also tend to be distributed in 
the same geographical region), resulting in geographically more consistent clusters.

It may leave the impression to the reader that the morphosyntactic clusters are 
somewhat similar to the phonological clusters visualized in Figures 1–3. What is
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Figure 7: Two morphosyntactic clusters of Eurasia.

Figure 8: Three morphosyntactic clusters of Eurasia.
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striking is that the morphosyntactic grouping also shows a horizontal ternary divi-
sion (Figure 8), even when the number of clusters is increased to four (Figure 9). Even 
though the boundaries of the three clusters do not match exactly between phono-
logical and morphosyntactic groupings, the preference for ternary division shown in 
both sets of k-means clusterings suggests that Eurasian lects may be best divided into 
three groups: eastern, central, and western.

In order to test the similarity between the phonological distances and mor-
phosyntactic distances, we ran a Mantel test based on Pearson’s correlation coeffi- 
cient to test the correlation between the two distance matrices. When limiting the 
sample lects to the intersection between Phonotacticon and Grambank, or 222 lects, 
the Mantel statistic R is 0.215 from −1 to 1 scale (p < 0.001), −1 representing a perfectly 
negative correlation and 1 a perfectly positive correlation. This shows a moderate 
level of correlation between phonological distance and morphosyntactic distance 
between Eurasian lects.

Thus, while phonological similarities and morphosyntactic similarities overlap to 
some degree, they do not always match, which aligns with previous findings that 
phonological convergence between two lects may not imply their convergence in other 
domains, or vice versa. The difference between phonological and morphosyntactic 
clusterings reflects the domain-specific nature of linguistic convergence, although the 
preference for ternary division shared by both clusterings merits further investigation.

Figure 9: Four morphosyntactic clusters of Eurasia.
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9 Comparison with genealogy

Lastly, we will test whether the phonological distances measured via Phonotacticon 
are correlated to the genealogical distances between Eurasian lects. Linguistic sim-
ilarity arises not only due to historical contact but also genealogical relatedness. 
Within a family, the more genealogical layers shared by two lects, the shorter we can 
expect the phonological distances between them to be. For example, French 
[stan1290] and Italian [ital1282] not only belong to the same Indo-European 
family, but also share seven layers within Indo-European (Classical Indo-Euro-
pean > Italic > Latino-Faliscan > Latinic > Imperial Latin > Romance > Italo-Western 
Romance), based on Glottolog 4.4. Due to such close genealogy, we can predict that 
the phonological distance between French and Italian will be significantly shorter 
than that between French and Welsh [wels1247], which only shares one layer 
(Classical Indo-European) whence they diverged at a much earlier time. More 
generally, we can predict that within a family, the phonological distance between 
two lects will decrease as the number of shared layers increases.

In order to verify this prediction, we tested Pearson’s correlation coefficient 
between the number of layers shared by two lects and their phonological distance 
per family. The null hypothesis is that the number of shared layers and the phono-
logical distance are not correlated to each other at all, i.e. Pearson’s correlation 
coefficient will not be significantly different from 0 (absolute absence of correlation). 
The alternative hypothesis is that the number of shared layers and the phonological 
distance are correlated, making Pearson’s correlation coefficient significantly 
different from 0, given that the sample size (the number of lect pairs) is large enough. 
To correct for multiple comparisons, the p-values of Pearson’s correlation co-
efficients are adjusted as false discovery rates (Benjamini and Hochberg 1995), the 
threshold for significance being 0.1. Families that have no internal layers and/or less 
than three sample lects (such as Koreanic, whose only two members are Korean 
[kore1280] and Jejueo [jeju1234] without any internal layer) are excluded, as they 
lack the minimal number of shared layers and lect pairs needed to test the 
correlation.

The results shown in Table 10 fail the prediction and uphold the null hypothesis. 
Among the tested Eurasian families, no family shows a statistically significant cor-
relation (FDR = 0.1) between phonological distance and genealogical relatedness. This 
is true not only for families with a small number of lect pairs, such as Japonic or 
Hmong-Mien, but also for those with a sizeable sample, such as Indo-European and 
Sino-Tibetan. This suggests that the phonological distances between Eurasian lects 
measured via Phonotacticon must have not been shaped strongly by genealogical 
heritage.
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Is this correlation also absent in morphosyntax? In order to make a comparison 
between the two domains of phonology and morphosyntax, we also tested the 
correlation between the number of shared layers and morphosyntactic distance 
measured using Grambank (Section 8). Table 11 shows the correlation between the 
number of shared layers and morphosyntactic distances between the same sample

Table : Pearson’s correlation coefficient (r) and the false discovery rate (FDR) between the phono-
logical distance and the number of shared genealogical layers between two lects of the same family.

Family Number of lect pairs r FDR

Nakh-Daghestanian  −. .
Turkic  −. .
Tai-Kadai  −. .
Dravidian  −. .
Indo-European , −. .
Sino-Tibetan , −. .
Austroasiatic  −. .
Mongolic-Khitan  . .
Uralic  . .
Japonic  . .
Tungusic  . .
Austronesian  . .
Hmong-Mien  . .

Table : Pearson’s correlation coefficient (r) and the false discovery rate (FDR) between the morpho-
syntactic distance and the number of shared genealogical layers between two lects of the same family.

Family Number of lect pairs r FDR

Japonic  −. .
Uralic  −. .
Dravidian  −. .
Indo-European , −. .
Turkic  −. .
Tungusic  −. .
Sino-Tibetan , −. .
Mongolic-Khitan  −. .
Austroasiatic , −. .
Tai-Kadai  −. .
Nakh-Daghestanian  −. .
Afro-Asiatic  −. .
Hmong-Mien  . .
Austronesian  . .
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lects. The results are strikingly different from those from Phonotacticon (Table 10): 
when corrected for multiple comparisons at false discovery rate of 0.1, seven out of 
fourteen families show a negative correlation between the number of shared layers 
and morphosyntactic distance. This suggests that morphosyntactic distances may 
be more heavily related to genealogical heritage compared to phonological 
distances.

10 Conclusions

In this paper, we have measured the phonological distance between Eurasian lects 
using Phonotacticon 1.0. Importantly, the distance measuring is based on the entirety 
of the phonotactic data available in Phonotacticon, except for the tonal qualities (as 
only the number of tones was used to calculate the distance between tonal in-
ventories). Here we summarize our findings:
– Clustering the lects together based on phonological distance shows that 

phonologically close lects also tend to be geographically close and suggests a 
ternary division of eastern/central/western Eurasia.

– On the other hand, comparison between the geographical and the phonological 
distances to Burushaski shows that geographical and phonological distances do 
not significantly correlate with each other.

– Machine learning based on the phonological distances can predict the linguistic 
area of each lect to a moderate degree.

– Comparing phonological clustering to morphosyntactic clustering based on
Grambank shows that the convergence patterns in the two domains have only a 
moderate degree of similarity, suggesting that linguistic convergence may show 
different areal patterns in different domains, although both clusterings share a 
preference for a ternary division.

– The absence of correlation between phonological distance and the number of 
shared genealogical layers as well as the presence of such correlation in mor-
phosyntactic distance suggests that morphosyntax may more strongly preserve 
its genealogical heritage compared to phonology.

The methodology employed to measure interstructural phonological distance is of 
course limited in many aspects and just one of many possible methodologies. There 
are two levels of limitations: the limitation of the data and the limitation of the 
analysis. First, as mentioned in Section 3.1, while Phonotacticon contains a large and 
important part of each lect’s phonology, it certainly does not capture the entirety of it, 
such as morphophonemic processes or phonotactic restrictions beyond syllabic 
boundaries. The phonological distances could be measured in finer resolution with
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data containing a broader range of phonological information. Second, as mentioned 
in Section 3.6, some parts of the distance analysis is rather simplistic, such as 
assigning equal weight to all four normalized distances (onset/nucleus/coda/tone).

While there is much room for improvement, the present study is one of the first 
steps towards quantifying interstructural phonological distance based on large-scale 
cross-linguistic data and thereby discovering areal patterns. Further exploration of 
this task is needed, not only using Phonotacticon but also other databases that may be 
created in the future.

Acknowledgments: We would like to thank Chor Shing David Li (the Hong Kong 
Polytechnic University) for his supervision of the first author of this paper as co-
supervisor. Our gratitude also goes to Harald Hammarström (Uppsala University), 
who was the host supervisor of the first author during his three-month visit to his 
institution. Lastly, we are grateful for the anonymous reviewers for their 
constructive feedback.
Author contributions: I. J. collected the data, reviewed the previous literature, and 
conducted the visualizations and statistical analyses. Y.-Y. H. provided constant 
feedback as I. J.’s doctoral supervisor. All authors reviewed the manuscript. 
Research funding: This work was supported by JSPS KAKENHI Grant Number 
24K23937.

Appendix

The following dendrogram shows a divisive analysis clustering of the Eurasian 
sample lects based on their phonological distances, divided into western, central, and 
eastern Eurasia by page.
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