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Abstract — This paper describes ongoing work in which
the main objective is to quantitatively determine the
linguistic distances between languages and dialects.
Here, we apply the Levenshtein distance measure to
orthographic and phonetic transcriptions of words from
15 Norwegian dialects. Clustering of the distances
between the different dialects shows the relationships
between the dialects in terms of regional groupings and
closeness.  Although  orthographic  transcriptions
generate distinctive north and south groupings, the more
detailed phonetic transcriptions group the dialects more
decisively into their regional groups. When the phonetic
transcriptions are employed, the dendrogram of
distances between regions is very similar to that
computed from perceptual assessment of dialect
distances.

1. Introduction

The development of objective metrics to assess the
distances between different dialects and languages is of
great theoretical and practical importance. Currently,
subjective measures are generally employed to assess
the degree of similarity between different languages,
and those subjective decisions are, for example, the
basis for classifying certain groups of language variants
as dialects of one another, whereas others are
considered separate languages. This has practical
implications, since the distance between a pair of
languages / dialects should serve as a useful indicator of
how useful resources should be in developing language
technologies for the other. For example, an
understanding of language distances would enable
researchers to use the data of a source language, to train
initial speech-recognition models of a sufficiently close
target language for which little data is available.

It is without doubt that languages are complex; they
differ in vocabulary, grammar, writing format, syntax
and many other characteristics. This presents levels of
difficulty in the construction of objective distance
measures between languages. Even if one intuitively
knows for example, that English is closer to French than
it is to Chinese, by how much is it closer? While it
might be easy to rank French as closer to English than
Chinese, other rankings of closeness between other
languages or dialects may be more difficult. The
distance between languages may also depend on
whether the languages are in text or acoustic form. For
example, the written forms of Chinese do not vary

greatly among the regions of China, but the spoken
languages differ sharply.

This paper applies the Levenshtein distance to
orthographic and phonetic transcriptions in order to
obtain a measure of the distance between different
dialects. These distances are employed in a hierarchical
clustering of dialects, and compared to perceptual
distance classification.

2. Levenshtein Distance

There are several ways in which phoneticians have tried
to measure the distance between two basic sounds, most
of which are based on the description of sounds via
various representations. This section introduces one of
the more popular sequence-based distance measures, the
Levenshtein distance measure.

One of the standard techniques for the computational
comparison of sequences is known as the Levenshtein
distance, also known as string distance or edit distance.
In 1995 Kessler introduced the use of the Levenshtein
distance as a tool for measuring linguistic distances
between dialects [1]. The basic idea behind the
Levenshtein distance is to imagine that one is rewriting
or transforming one string into another. Kessler
successfully applied the Levenshtein algorithm to the
comparison of Irish dialects. In this case the strings are
transcriptions of word pronunciations. The rewriting is
effected by basic operations, each of which is associated
with a cost, as illustrated by the example in Table 1, in

the transformation of the string ‘@eftonun’ to the

string ‘@fternun’ (2]

Table 1: Levenshtein distance between two strings.

Operation Cost
eaftenun
eftenun delete o 1
®oftornun insert r ;
efternun replace [&] with [u]
Total 4

The Levenshtein distance between two strings can be
defined as the least costly sum of costs needed to
transform one string into another. In Table 1, the
transformations shown are associated with costs derived
from phoneticians’ work on the distance between



individual phonetic sounds. The operations used were:
(1) the deletion of a single sound, (ii) the insertion of a
single sound, and (iii) the substitution of one sound for
another [3]. In our research, substitutions were allocated
a cost of two while insertions and deletions each had a
cost of one. In effect, a substitution is always equal to
the combination of a deletion and an insertion and thus
counts as the sum of these two operations separately.

The edit distance method was also taken up by
Nerbonne et al [4] who applied it to Dutch dialects. In
both cases the use of the Levenshtein distance was
based on phonetic transcriptions, where transcription
segments were compared using the algorithm.

In 2003 Gooskens and Heeringa [5] calculated
Levenshtein distances between 15 Norwegian dialects
and compared them to the distances as perceived by
Norwegian listeners. This comparison showed a high
correlation between the Levenshtein distances and the
perceptual distances. This investigation was based on
existing recordings and corresponding phonetic
transcriptions of the same text read aloud in 15
Norwegian dialects. Here too, the Levenshtein distance
measurements used were based on phonetic
transcriptions.

3.  Data representation

In this research we aim to compare languages and
dialects based on their orthographic and phonetic
transcriptions. Despite years of research, the field of
multilingual speech processing has suffered from the
lack of common public-domain multilingual speech
data-sets that could be used to evaluate different
approaches to the problem. It is therefore one of the
greater future goals of this research to gather data for
the target South African languages and dialects to be
investigated. In order to carry out our investigations we
need suitable data. We need to have access to recordings
of the same text in a fair number of languages, and
recordings of dialects from individual languages. At the
same time digitized orthographic and phonetic level
transcriptions of the data are required for calculating
Levenshtein distances. This investigation used existing
recordings and corresponding orthographic and phonetic
transcriptions of text in 15 Norwegian dialects'. The
recordings comprise 4 male and 11 female speakers
reading the Norwegian version of the fable ‘The North
Wind and the Sun’ translated into their 15 respective
dialects. Figure 1 shows the geographical distribution of
the dialects. On this map six dialect areas (or groups)
are represented. These groups are: Nordlandsk (No),
Sgrvestlandsk (Sv), Nordvestlandsk (Nv), Midlandsk

(Mi), Austlandsk (Au) and Trendsk (Tr).

" Data from the Department of Linguistics, University of
Trondheim. Available at Attp.//www.ling. hf-ntnu.no.nos.
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Figure 1: Map of Norway showing 15 dialects. The
abbreviation after the name of each dialect indicates the
dialect region to which it belongs [6].

Orthographic Transcriptions

This is one of the most basic types of annotation used
for speech transcription. Orthographic transcriptions of
speech are important in most fields of research
concerned with spoken language. The orthography of a
language refers to the set symbols used to write a
language and includes the writing system of a language.
English, for example, has an alphabet of 26 letters for
both consonants and vowels [7]. However, each English
letter may represent more than one phoneme, and each
phoneme may be represented by more than one letter.

Phonetic Transcriptions

There are over a hundred different phones recognized
as distinctive by the International Phonetic Association
(IPA) and transcribed in their International Phonetic
Alphabet.

The Speech Assessment Methods Phonetic Alphabet
(SAMPA) is a machine-readable phonetic alphabet
developed by an international group of phoneticians in
the late 1980’s. SAMPA basically consists of a mapping
of symbols of the International Phonetic Alphabet onto
ASCII codes. In its basic form, SAMPA was seen as
catering essentially for segmental transcriptions,
particularly of a traditional phonemic kind. Prosodic
notation was not adequately developed. Our
investigation uses an extended version of the segmental
alphabet, X-SAMPA, which extends the basic agreed
conventions so as to make provision for every symbol
on the IPA chart, including all diacritics and tone marks.
In principle this makes it possible to produce a machine-
readable phonetic transcription for every known human
language. Table 2 shows an example of the differences
in transcriptions of two words from two different
dialects.



Table 2: Different representations of two words from
two different dialects, Bergen and Bjugn.

Orthographic X-SAMPA
Bergen Bjugn Bergen Bjugn
noravinn | nolavinnj | ""mu:M\A%Pin:\ | ""nu:r' A%PiJ:\
kranglet | krangla ""kM\ANIet ""k4ANr'A

The Levenshtein distances in this study are based both
on orthographic and phonetic transcriptions. For all 15
dialects, 50 similar words from each dialect were used.

4.  Clustering Dialects

In using the Levenshtein distance measure, the distance
between two dialects is equal to the average of a sample
of Levenshtein distances of corresponding word pairs.
When we have n dialects, then the average Levenshtein
distance is calculated for each possible pair of dialects.
For n dialects n x n pairs can be formed. The
corresponding distances are arranged in a n X n matrix.
The distance of each dialect with respect to itself is
found in the distance matrix on the diagonal from the
upper left to the lower right. These values are always
zero and therefore give no real information, so that only
n X (n - 1) distances are interesting. Furthermore, the
Levenshtein distance is symmetric. This means that the
distance between word X and word Y is equal to the
distance between word Y and word X. The result is that
distance between dialects X and Y is equal to the
distance between dialects Y and X as well. Therefore,
the distance matrix is symmetric. We need to use only
one half which contains the distances of (n x (n - 1))/2
dialect pairs. Given the distance matrix, groups of larger
sizes are investigated. Hierarchical Clustering methods
are employed to classify the dialects into related dialect
groups using the distance matrix.

Data clustering is a common technique for statistical
data analysis, which is used in many fields, including
machine learning, bioinformatics, image analysis, data
mining and pattern recognition. Clustering is the
classification of similar objects into different groups, or
more precisely, the partitioning of a data set into subsets
(clusters), so that the data in each subset share some
common trait according to a defined distance measure.
The result of cluster analysis is usually illustrated as a
dendrogram, a tree diagram used to illustrate the
arrangement of the clusters produced by a clustering
algorithm. Figure 2 illustrates the dendrogram derived
from the clustering of perceptual distances as perceived
by Norwegian listeners for the 15 Norwegian dialects
investigated in this research [6].
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Figure 2: Dendrogram derived from the 15x15 matrix
of perceptual distances showing the clustering of
(groups of) Norwegian dialects [6].

Figure 3 shows the dendrogram produced by cluster
analysis of the Levenshtein distances calculated from
orthographic transcriptions of 50 words from the same
15 Norwegian dialects. Referring to Figure 1, the
dendrogram appears to be divided into two main groups;
a northern group and a southern group. The southern
group consisting of the dialects; Lesja (Mi), Trondheim
(Tr), Bergen (Sv), Time (Sv), Larvik (Au), Borre (Au),
Lillehammer (Au) and Halden (Au), while the Northern
group comprises the dialects; Bjugn (Tr), Bode (No),
Verdal (Tr), Freena (Nv), Stjerdal (Tr), Bg (Mi) and
Hergy (Nv). It is significant to note that two of the
dialects have been misclassified. Bg (Mi), which is
geographically located in the south has been grouped
with the northern dialects, and Trondheim (Tr), which is
geographically located in the north has been grouped
with the southern dialects.
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Figure 3: Dendrogram derived from Levenshtein
distances of orthographic transcriptions of 50 words
from 15 Norwegian dialects.



Figure 4 shows the dendrogram obtained on the basis
of phonetic representation. Again the dendrogram
shows a division into a northern and southern group,
with the exception of Lesja (Mi) being misclassified. It
is also important to note that the dialects are more group
oriented than in Figure 3. South-western and south-
eastern groups are more clearly defined as well as north-
western and north-eastern groups. Similar to the
orthographic transcriptions, the phonetic transcriptions
based results do not show as great a distinction between
dialect groups as the perceptual results do (Figure 2),
although the clustering based on phonetic transcriptions
certainly is more comparable to the perceptual results.
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Figure 4: Dendrogram derived from Levenshtein
distances of phonetic transcriptions of 50 words from 15
Norwegian dialects.

5. Conclusions

The results of this paper primarily reinforce the previous
work of researchers in trying to classify languages and
dialects based on linguistic distances. Here we
investigated the distance between dialects based on both
their orthographic and phonetic transcriptions. The
results show that of the two transcription methods, the
Levenshtein  distances based on the phonetic
transcriptions more closely match the perceptual
distances and group the dialects into their regional
groups more closely. Thus, when time and human
resources are limited for perceptual evaluations to be
carried out, phonetic transcriptions can be used as a
substitute to classify dialects and languages.

6.  Future Directions
This paper presented a primary investigation into the

much broader topic of language distance. We would like
to extend this work in several directions.

We aim to find acoustic distance measures between
languages and dialects which approximate perceptual
distance measures as perceived by humans. This in itself
encompasses a number of objectives. One of the
objectives is to provide a comprehensive review of
existing language distance literature with particular
emphasis on data representation and classification
algorithms that have previously been used.

The second and main objective will be to design and
implement a comprehensive language and dialect
acoustic distance measure incorporating both old and
new techniques and algorithms. Perceptual measures
and Levenshtein distances calculated on the basis of
transcriptions will form a baseline for the comparison of
results obtained in our research. This will be coupled
with measures of statistical relevance of the various
measures employed. The baseline will act as the point of
reference to which all developed and other commonly
used algorithms will be compared. The main evaluation
of the system will be based for the most part on its
performance on South African languages. Experiments
to evaluate the effectiveness of work in this research
will be performed on suitable existing speech data and
other data collected in the region of South Africa. We
will use and compare different representations of the
acoustic signals, different distance measures and
classification algorithms.

It is not the aim of this project to present a complete
solution to the problem but simply to contribute to the
immense ongoing research on language distance that
already exists.
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