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Abstract

Dialect classification is a classical problem in traditional dialectology. In the
course of the last few decades, several quantitative approaches have been sug-
gested as solutions for this problem, one of which uses “Levenshtein distance”
for measuring linguistic distances between dialects. In the present paper we
shall introduce the Levenshein algoritm as well as two methods with which the
results of the measuring can be analyzed, viz. multidimensional scaling and
clustering. Then we shall apply these methods to the Bulgarian language area
and present a quantitative classification of Bulgarian dialects. Finally, we shall
compare the classification obtained to the most widely accepted traditional Bul-
garian dialect map, analyze the similarities and differences and evaluate our
method.
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1. Introduction

The division of language areas into dialect groups is a well-known problem in
traditional dialectology. The most wide-spread way of doing this is by drawing
dialect borders along isoglosses or bundles of isoglosses that are considered
more important than others. The choice of which isogloss(es) to use is, of
course, subjective and so are the decisions in cases where isoglosses do not co-
incide or do not provide neat bisections of the language area. Other traditional
methods, such as division based on the phoneme inventory and on speakers’
judgments, also have obvious flaws. The former often groups together large
numbers of otherwise heterogeneous dialects, the latter can be argued to be sub-
jective (albeit in another sense than the isogloss method) and to contain non-
linguistic elements. Since the 1970s a growing number of scholars have intro-
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duced various quantitative approaches to the determination of dialect borders,
all of which have to do with counting the differences between dialects and cal-
culating “linguistic distances” between them. The approaches differ in many
ways, e.g. the selection of the data, the definition of “difference”, the way in
which differences are counted and the way in which the linguistic distance is
calculated.

One of these computational methods, introduced in linguistics by Kessler
(1995), uses the so-called “Levenshtein distance”. Two of the present authors
(Nerbonne and Proki¢) have been working on applying Levenshtein distance to
Bulgarian dialects since 2006.' Their work resulted in a number of possible
classifications that show (mostly minor) differences according to the clustering
technique and the number of classes chosen. Because the application of the
Levenshtein distance to Bulgarian was partly a test of the method itself, it is
relevant to compare the borders obtained with the borders on the dialect maps
produced by traditional methods and to try to explain both the similarities and
the differences. This was done in collaboration with the third author (Hout-
zagers). In this article we shall first present the data that were used for applying
the Levenshtein method to Bulgarian dialects and briefly introduce the Leven-
shtein method itself. Then we shall present the reader with the classification of
Bulgarian dialects obtained by using this method. Finally we shall compare this
classification with the most authoritative map produced by traditional Bulgarian
dialectology.

The project as a whole concentrates on phonetics and lexicon. In this article,
we have restricted ourselves to phonetics. Only dialects spoken in the Republic
of Bulgaria are taken into consideration.

2. The data

The data set used in this paper consists of phonetic transcriptions of 156 words
collected from 197 sites all over Bulgaria (see Figure 1).

" This was part of a dialectometry project called Buldialect — Measuring linguistic unity and
diversity in Europe, in which the universities of Groningen (The Netherlands) and Tiibingen
(Germany) and the Bulgarian Academy of Sciences participated and that was financially made
possible by the Volkswagen Stiftung.
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FIGURE 1: DISTRIBUTION OF THE SELECTED197 SITES.

The main source of the data was the Archive of the Ideographic Dialect Dic-
tionary of Bulgarian of the University of Sofia that was initiated during the
1950s by professor Stojko Stojkov, at that time the leading expert in the field of
Bulgarian dialectology.” Part of the project was the digitalization of the selected
data.

The main criterion for word selection in the Buldialect project was availabil-
ity: the words in the data set are frequent words that are collected from all, or
almost all of the 197 sites. Only words which were expected to show some de-
gree of variation were included. Another important criterion for word selection
was the balance between various phonetic features present in the data set. For
example, the reflexes of the Old Bulgarian® vowels that show dialectal variation

> The 197 sites were selected in such a way that the geographical distribution was as even as
possible. From the dotless areas in Figure 1 no data were available. These empty areas are es-
sentially the same as those in the Bulgarian Dialect Atlas (see the introductory part and the first
map of each individual volume of BDA), which also appeared under Stojkov’s leadership. Stoj-
kov chose not to include villages with a population that was either dialectally heterogeneous or
that had migrated to its present dwelling-place from other parts of Bulgaria. The data for the
Archive were collected according to the same principles as those for BDA. For instance, the
informants used were the oldest inhabitants of the village in question under the strict condition
that they were born locally, with a preference for women. For more details concerning the data
collection see BDA I, 8-9. A description of the Archive can be found in Stojkov and Mladenov
19609.

? Although Stojkov assumes that in the ninth century Bulgarian already showed certain dialectal
differences, he derives the actual dialects from “Old Bulgarian” (starobélgarski ezik), the lan-
guage of the oldest Bulgarian written records, which all date from well after the ninth century
(cf. Stojkov 1993, 56). Kocev et al. (ed.) 2001 (henceforth abbreviated ‘OT’) do the same thing
(see OT, 27 and almost all phonetic maps in OT). For the present study this is hardly a problem,
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are represented with the same or nearly the same number of words. Below we
present a list of the 39 different dialectal features that are represented in the
chosen 156 words. A more detailed description of the features can be found in
Proki¢ et al. (2009).

1. Reflexes of jat, e.g. [xVap]* vs. [xlep] ‘bread’;

2. Reflexes of the sequences *ja, *ca, etc. Example: [of'tfar] vs. [of'tfer] ‘shep-
herd’;

3. Presence or absence of initial prothetic [j], e.g. ['agne] vs. ['jagne] ‘lamb’;

4. Presence or absence of [j] before front vowels, e.g. [ko'je] vs. [ko'e] ‘which’
(neuter singular);

5. Elision or no elision of [j], e.g. ['neja] vs. ['nea] ‘she’ (accusative);

6. Reflexes of the back nasalized vowel, e.g. [mx[] vs. [maf] vs. [muf] ‘man’;
7. Reflexes of the front nasalized vowel, e.g. [zet] vs. [Z'ot] vs. [Z'¥t] ‘son-in-
law’;
8. Reflexes of back jer, e.g. [dx[t] vs. [doft] vs. [daft] ‘rain’;

9. Reflexes of the front jer, e.g. ['tynko] vs. ['tenko] vs. ['fonko] ‘thin’ (neuter);
10. Choice of the vowel inserted between the two last consonants in *vjatr
‘wind’ and *ogn ‘fire’, e.g. ['vjatyr] vs. ['veter];

11. Presence vs. absence of vowel reduction in unstressed syllables; results of
vowel reduction if present, e.g. ['pepel] vs. ['pepil] vs. ['pep’¥l] ‘ashes’;

12. Reflexes of jery (Old Bulgarian *y), e.g. [e'zik] vs. [e'zik] ‘tongue’;

13. Rounding or no rounding of vowels in e.g. [3if] vs. [3uf] ‘alive’;

14. Unrounding or no unrounding of vowels in e.g. [kPut(] vs. [klit(] ‘key’;

15. Presence or absence of alternation [0]-[e] in e.g. [se'lo] ‘village’ vs. [v¥'3e]
‘rope’;

16. Presence or absence of vowel elision, e.g. ['rapta] vs. ['rabota] ‘work’;

17. Presence or absence of change by analogy in such cases as ['dole] from
['dolu] ‘down’ (by analogy with ['gore] ‘up’);

18. Reflexes of syllabic liquids, e.g. [v¥lk] vs. [vl¥k] vs. [vlk], vs. [vuk] ‘wolf’;
19. Reflexes of *zj, *dj e.g. ['lefta] vs. ['leftfa] vs. ['letfa] vs. ['letsa] ‘lentil’;

20. The fate of the original initial cluster *¢r + following vowel *» or *¢ in
words like [tfer'ven] vs. [tsyr'ven] ‘red’; _ '

21. Presence or absence of epenthetic [1] in e.g. [ze'ml'a] vs. [ze'm’a] ‘land’;

"

if we see the reference to “Old Bulgarian” merely as a way of designating the segments that dif-
fer in the respective dialects.

* Between square brackets we shall use the IPA. When referring to Old Bulgarian forms we
shall use a notation in Latin script that is widely accepted in Slavic historical linguistics. Stan-
dard Bulgarian forms will be spelled according to the accepted orthography and transliteration.
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22. Presence or absence of the two voiced affricates [dz] and [d3], e.g.
[dzve'zda] vs. [zve'zda] ‘star’; '

23. Palatalization or not of [1] and [n] in [pone'del'nik] vs. [pone'delnik] ‘Mon-
day, ['agn’e] vs. ['agne] ‘lamb’;

24. Results of palatalization of *st, *zd in words corresponding to Standard
Bulgarian ['gosti] ‘guests’; ['grozde] ‘grapes’, e.g. ['gosje], ['gojse]; ['grosje],
['grojzel;

25. Presence or absence of simplification of the clusters *str, *zdr, e.g. [se'sra]
vs. [se'stra] ‘sister’;

26. Presence or absence of epenthesis of [t], [d] in the clusters *sr, *zr, e.g.
['str’ada] vs. ['sr'ada] ‘Wednesday’;

27. Existence or nonexistence in the dialect of a voiceless velar fricative, e.g.
[xI'ap] vs. [Fap] ‘bread’;

28. Existence or nonexistence in the dialect of a voiceless labiodental fricative,
e.g. ['furna] vs. ['xurna], ['vurna], etc. ‘oven’;

29. Preservation or loss of *v before rounded vowels, e.g. [vol] vs. [ol] ‘0x’;

30. Presence or absence of prothetic [v] before rounded vowels, e.g. ['vogyn]
vs. ['ogyn] ‘fire’;

31. Devoicing or not of voiced obstruents in certain positions, e.g. [of'tsa] vs.
[ov'tsa] ‘sheep’, [dop] vs. [d30b] ‘pocket’;

32. The form of the preposition *vb and the prefix *vo-, e.g. ['vlizam] vs. [u'li-
zam] ‘enter’;

33. Various assimilations and dissimilations, e.g. [of'tsa] vs. [os'tsa] ‘sheep’;
34. Nonsystematic changes in individual words, e.g. ['vetfe] v.s ['vetse] ‘al-
ready’;

35. Morphophonemic alternations or suffixes connected with the formation of
secondary imperfective verbs, e.g. ['vlizam] vs. ['vI'azam] vs. ['vI'avam] ‘enter’
(imperfectives corresponding with perfective ['vl'aza));

36. Form of certain grammatical endings, such as that of the first person plural
in all tenses, e.g. ['b’axme] vs. ['bexmo] ‘be’ (past tense first person plural);

37. Choice of the suffix in certain nouns that originally belonged to the n-stem
paradigm, e.g. ['’kamyk] vs. ['kamik] vs. ['kamen] ‘stone’;

38. Form of certain words, among others the words for ‘you’ (plural or polite)
and ‘then’, e.g. ['vie] vs. [vi] vs. [ve] ‘you’, [to'gava] vs. [to'gas] vs. [te'gaj]
‘then’;

39. Stress in certain bisyllabic forms, e.g. ['vino] vs. [vi'no] ‘wine’.

A full list of the words used may be found in Appendix A.
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3. Levenshtein distance

The Levenshtein algorithm is an algorithm used to measure the differences be-
tween two strings (Levenshtein 1965). In its simplest version — which is applied
in this paper — the distance between two strings is the smallest number of inser-
tions, deletions, and substitutions needed to transform one string into the other.
For example, in order to align the two word transcriptions presented in Figure 2,
we would need four operations: [r] would have to be replaced with ['], [e]
would have to be deleted, [n'] would have to be replaced with [n] and [e] with
[1]. Every operation is assigned the same value, namely 1. This means that the
distance between these two pronunciations is 4. Every sequence is represented
as a series of phones which are not further defined. As a consequence, the pair
[r - '] counts as different to the same degree as the pair [e - i].5

The transcriptions shown in Figure 2 were aligned based on the following
principles: (a) a vowel can be aligned only with another vowel; (b) a consonant
can be aligned with another consonant, a sonorant or one of the semivowels [j]
and [w].

We align all the word transcriptions in the way described above, calculating
the distances between each pair of related words in each pair of sites.® This cal-
culation yields distances between each pair of sites in the following way. The
distance between two sites is the mean of all word distances calculated for those
two sites. The final result is a distance matrix that contains the distances be-
tween each two sites in the data set. This matrix is further analyzed using multi-
dimensional scaling and hierarchical clustering, which will be described in the
next section.

> In more complicated versions of the algorithm, a segment distance table may be employed,
which allows the linguist to specify variable costs that may be incurred per operation depending
on the phonetic or phonological segments involved, and this is important when seeking to detect
sound correspondences. However, Heeringa (2004, 186) has shown that in the aggregate analy-
sis of dialect differences, in which one attempts to measure how dissimilar one entire variety is
to another (but crucially without attempting to ascertain which differences are most important),
more detailed feature representation of segments does not improve the results obtained by using
simple phone representations. Another motivation for using simple phone representations is to
keep the analysis as robust as possible, without going into the language specific details of fea-
ture representation(s). We have also confirmed the finding that the rough measure is sufficient
for comparing varieties as wholes in a more general study (Heeringa et al. 2006).

® We note that certain imperfectly matching correspondences will occur often, e.g. [¢] and [].
Wherever these mismatching correspondences occur within the set of 156 words in the sample,
they will contribute to the aggregate difference. Thus frequent mismatching correspondences
contribute disproportionately in comparison to infrequent ones. This results in an implicit
“weighting” reflecting the frequency with which segments are encountered, but we note that it is
an open question whether this in turn reflects dialect differences well (as perceived by dialect
speakers).
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FIGURE 2: ALIGNMENT OF TWO WORD TRANSCRIPTIONS. THE DISTANCE IS 4.

4. Classification of Bulgarian dialects using L.evenshtein distance

The result of measuring the pronunciation distance of each pair of words in the
156-word sample is a set of more than 19,000 varietal distances — one for each
pair of varieties. We organize these in a site x site table, but one which is too
large to be appreciated via visual inspection. We turn therefore to statistical
techniques for analyzing the distances. Multidimensional scaling (henceforth
also “MDS”) is a dimension-reduction technique which takes as input a set of
points and (abstract, e.g. linguistic) distances among them (Kruskal and Wish
1978). MDS then proposes a set of dimensions and coordinates for each input
point so that the (abstract) distances are approximated as well as possible.

o (2% 7
»
I
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FIGURE 3: EXAMPLE OF MDS.

Unlike clustering (see below), MDS results are stable so they form an interest-
ing standard against which we may examine the results of clustering. Since in



8 PETER HOUTZAGERS, JOHN NERBONNE, JELENA PROKIC

the Bulgarian data, 92.4% of the variation could be explained by the first two
dimensions, we may conveniently examine the two-dimensional MDS recon-
struals (scatterplots) in order to visualize the data, in particular looking for sepa-
ration of the clusters (Legendre and Legendre 1998). In MDS plots, dissimilar
objects are plotted far from each other and similar objects are close. In Figure 3
an example of MDS is given: each dot represents one of the 197 sites studied in
this project. The figure shows that the linguistic distances from a given dialect
to its linguistically closest neighbours vary greatly.

Clustering is the process of partitioning a set of objects into groups (Man-
ning and Schiitze 1999). The goal of cluster analysis is to find structure in the
data by detecting and grouping together similar objects. In dialectometry, clus-
ter analysis is frequently used to analyze the distances between sites and detect
dialect regions by grouping the sites that share linguistic features. In this re-
search, we proceed from the distance matrix obtained using Levenshtein algo-
rithm described in the previous section and analyze it with a hierarchical clus-
tering algorithm called WPGMA (Weighted Pair Group Method using
Arithmetic Averages). A detailed description of this algorithm and some alter-
native clustering techniques, tested on the same data set used in this research,
can be found in Proki¢ and Nerbonne 2009. All hierarchical clustering algo-
rithms proceed from a distance matrix, repeatedly choosing the two closest ele-
ments and fusing them. They differ in the way in which distances are recalcu-
lated from the newly fused elements to the others. In this research we present
the results of the two-way and six-way divisions of the data done by WPGMA
algorithm. We chose for a two- and a six-way division in order to be able to
compare the results obtained with those of the traditional division of the Bulgar-
ian dialect area. As we shall see below (section 5), the traditional division dis-
tinguishes two main dialect groups, that can be further divided into six sub-
groups.

The results of the WPGMA algorithm can be seen in Figure 4. The main di-
vision of the sites is into eastern and western varieties. The six-way division of
the sites shows four main dialect areas: eastern, western, southern (in the area of
Rhodope Mountains) and a transitional zone at the border with Serbia. The
southern group of dialects is further divided into smaller groups, which indi-
cates that this group of dialects is more heterogeneous than the other three.
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FIGURE 4: TWO- AND SIX-WAY DIVISION USING THE WPGMA ALGORITHM.

Previous study (Proki¢ and Nerbonne 2009) has shown that if other clustering
and statistical techniques are applied on the same data set, the same eastern,
western and southern groups are identified that we see in Figure 4. However,
some well established hierarchical clustering techniques do not distinguish the
transitional zone at the border with Serbia. An example is the technique called
UPGMA (Unweighted Pair Group Method using Arithmetic Averages).

In this paper we will investigate the reasons for the different results obtained
by quantitative techniques when compared to traditional scholarship. If such
differences occur, it is of course relevant to check whether the distribution of
the phonetic features present in our data set corresponds well with the phonetic
features responsible for the traditional dialect divisions. Another potential ex-
planation for differences in classification is the possibility that some of the dia-
lect areas defined in traditional atlases do not have a strong basis in the linguis-
tic features. There is also a possibility that differences are due to the techniques
we use. Because traditional and quantitative classifications need not coincide,
we shall also pay attention to notable similarities between the two.

5. Comparison with traditional classification

5.1 Stojkov’s classification

By far the most widely known and most authoritative classification of Bulgarian
dialects is the one published by Stojkov (1968% 291)" and reproduced in Figure
55

7 The map in this second edition of Bdlgarska dialektologija is essentially the same as the one in
the first edition (Stojkov 1962) with some refinements as to the subdivision of the eastern Bul-
garian dialects. It appears unaltered in the 1993 and 2002 editions.

¥ Stojkov was well aware how problematic it was to classify dialects in a satisfactory way and
even called it “an extraordinarily difficult and almost impossible task” (1993, 81).
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Romania

Greece

FIGURE 5: TRADITIONAL DIVISION OF BULGARIAN DIALECTS
(AFTER STOJKOV 1968, 291).

Abbreviations: NW — northwest, SW — southwest, TR — transitional (between Bulgarian and
Serbian), B — Balkan dialects, M — Moesian, R — Rupian, tr — transitional (between Balkan,
Moesian and Rupian dialects).

The starting point for Stojkov’s classification is the reflex of the Old Bulgar-
ian phoneme *¢ (jat).
(a) West of the thick line the reflex of jat is [e] except before a syllable contain-
ing a front vowel, east of the thick line it is [a] or a low variant of [e]. Before
[a] or a very low variant of [e], a preceding consonant is usually palatalized.
Example: [bel] ‘white’ (masculine singular) vs. [b'al], [b'&l] or [bel]. The west-
ern dialects are subdivided into northwest and southwest, according to the re-
flex of the Old Bulgarian back nasal *¢ > [9] or [a], e.g. [z¥p] vs. [zap] ‘tooth’
(Standard Bulgarian zdb).9 There is also a transitional area with *¢ > [u] and
several other traits that make it transitional to Serbian.
(b) East of the thick line there is a division based on the reflex of jar before a
syllable containing a front vowel: in the south and southeast (abbreviated R
from Rupski govori ‘Rupian dialects’) the reflex is [a], [&] or [€], in the north it
is [e]. Example: [blali], [b'zli] or [beli] ‘white’ (plural) vs. [beli].'” The north-

? The vowel spelled d is pronounced [o]. The word-final consonant (spelled b) is unvoiced.

' The jat isogloss described under (a) more or less neatly splits up the Bulgarian language area
in two continuous parts and it almost fully coincides with the dialect border shown on the map.
The jat isogloss under (b), however, divides the Bulgarian language area into several discon-
tinuous parts. As a matter of fact, the northeast corner has the same reflex of jat as the south.
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ern part of the east Bulgarian area is subdivided into Balkan and Moesian dia-
lects, the former of which are discontinuous. About the distinction between
Balkan and Moesian dialects see section 5.2.3 below. There are also transitional
dialects between Balkan and Moesian and between Balkan and Rupian dialects.

5.2 Comparison

If one does not count the transitional dialects in the east, Stojkov’s classification
distinguishes six dialect groups. Moreover, it attaches greater importance to the
split between east and west than to the other divisions of the Bulgarian language
area. Therefore it can easily be compared to the two- and six-way quantitative
divisions presented above. In Figure 6 we projected Stojkov’s boundaries (Fig-
ure 5) on the quantitative maps (Figure 4). The areas obtained by using the
Levenshtein distance can be recognized by the colours (in the printed version of
this journal: different types of shading).

Figure 6 shows both similarities and differences between Stojkov’s map and
the quantitative maps. Differences are present wherever the transitions between
different colours/types of shading do not coincide with the black lines. In the
remainder of section 5 we shall discuss and try to explain the most important
similarities and differences."’

FIGURE 6: QUANTITATIVE 2- AND 6-WAY CLASSIFICATIONS (COLOURS/SHADING)
WITH TRADITIONAL BOUNDARIES PROJECTED ON THEM (LINES).

The boundary between the southern and the non-southern eastern dialects shown on the map
therefore represents a simplification of the actual linguistic facts.
"' We have restricted ourselves to differences involving more than three sites.
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5.2.1 West vs. east

The division between west and east, which was the starting point for Stojkov’s
classification, roughly agrees on both maps. Moreover, if we compare the
WPGMA maps given in Figure 4 with the other quantitative maps, we see that
the east-west boundary constantly appears at the highest (two-way) clustering
level and stays identical on every map, independently of the type of clustering.
However, the middle of the east-west boundary on the quantitative maps runs
east of Stojkov’s. Two questions arise:

(a) How can we explain that a boundary so similar to Stojkov’s jat-boundary,
which in principle is based on a single isogloss, shows so much stability on the
quantitative maps?

(b) How can we explain the difference between the boundary on the quantitative
maps and Stojkov’s?

Both questions can be answered relatively simply if we examine the phonetic
maps of OT."? From these maps it becomes clear that Stojkov’s jat-boundary
forms part of a bundle of 48 isoglosses (this is the number of relevant maps in
OT). The isoglosses reflect a great variety of phonetic characteristics, repre-
sented in 101 words in the data.

Examples:

(1) Reflexes of jat in specific positions;

(2) Presence vs. absence of mixture of the reflexes of the two jers and the two
nasal vowels;

(3) Vowel reduction phenomena;

(4) Presence vs. absence of epenthetic /,

(5) Change of *d’, *t’ into g’, k’;

(5) Reflexes of *Ib, *I» and syllabic */;

(6) Presence vs. absence of the changes *a > [e] in certain positions;

(7) Presence vs. absence of the change *dn > [nn].

This bundle runs from north to south and occupies a broad strip of the Bul-
garian dialect map. It contains more isoglosses to the east than to the west of the
Jjat-boundary, reflected in 37 and 27 words, respectively.13 The number of iso-
glosses accounts for the stability of the jat-boundary on the quantitative maps.
The difference in geographic location of the boundary on the quantitative maps

12 As far as the dialects within the Bulgarian state borders are concerned, this atlas is for the
most part a condensed edition of BDA. When referring to maps in OT, we shall use the letters
“F” and “A” for maps that regard phonetics and accentology, respectively.

" East and west are divided by 48 isoglosses. 24 of these run more to the east than the jar-
boundary, 9 more to the west. But more important for this discussion is the number of words in
the data set that show the relevant characteristics. Some isoglosses are not represented in the
data and others are represented several times.
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as compared to Stojkov’s is in all probability due to the fact that on average the
isoglosses in this bundle run slightly east of Stojkov’s jat-boundary.

5.2.2 Southeast vs. northeast

Another similarity between the traditional map and the quantitative ones is the
split between northeast and southeast, that is between north and south, east of
the border discussed in the previous section (in terms of Figure 5: the split be-
tween the Rupian dialects on the one hand and the Moesian and Balkan dialects
on the other). This split appears in the three-way clustering for all three cluster-
ing techniques used. From the four-way clustering onward, two of the three
clustering techniques show a further splitting up of the southeastern area into
subareas. This confirms the impression we get from Figure 6, viz. that the
southeast is much less of a unity than the northeast.

If we examine the phonetic and accentual maps in OT, we see the same pic-
ture. There are many maps on which southeastern dialects differ from surround-
ing dialects, but more often than not this applies only to part of the southeast.
Moreover, if one compares these maps among themselves, the parts of the
southeast that distinguish themselves from their surroundings are not constant
in any way and very often the relevant characteristic is shared by (sometimes
considerable) areas outside the Rupian territory, especially by varying noncon-
tingent areas in the northeast. For instance, on maps OT F 40-46 — which show
reflexes of jat in the word dve (Standard Bulgarian) ‘two’ and in certain verbal
endings (whether or not contracted with following *a or *aa) — we see a geo-
graphically nonconstant central area within Rupian that differs from its immedi-
ate surroundings but shows linguistic similarities with varying subareas else-
where, mostly to the east and northeast. But there are also maps on which a
larger part of the southeast or even the whole southeastern area distinguishes
itself from the northeast. We shall give two examples:

(1) OT F 9: presence of epenthetic [2]'* in such [-participles as Standard Bulgar-
ian pekla (feminine) ‘bake’ (['pekola]). This characteristic is shared by most
(but not all) of the southeast and two noncontingent areas in the northeast.

(2) OT F 19: absence of a vowel in the verbal root *f»k- (Old Bulgarian)
‘weave’. The whole southeast is opposed to the northeast here, but it shares its
characteristic with the entire west.

We summarize that the impression one gets from the righthand map in Fig-
ure 6 (a heterogeneous southeastern area opposed to a much less heterogeneous
northeastern one) corresponds with the impression one gets when comparing the
phonetic and accentual maps in OT.

4 Notated » in OT.
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5.2.3 Stojkov’s Moesian dialect

On the rightmost map of Figure 6 we also see a major difference between the
quantitative and the traditional map: on the former the north-eastern dialects
form one large group, whereas Stojkov distinguishes a Moesian group in the
north. This difference between the two maps is not difficult to explain. Stojkov
(1968, 69) mentions four phonetic features that he considers characteristic for
the Moesian dialects:
(1) jat is reflected as [a], [&] or [€] according to the phonetic environment, e.g.
[b'al] ‘white’ (masculine singular) vs. ['beli] (plural), cf. section 5.1 above.
(2) The reflex of the Old Bulgarian back jer has a ‘velarized’ phonetic realiza-
tion.
(3) Change of the consonant cluster *dn into [nn], e.g. ['glanna] ‘hungry’
(feminine singular), cf. Standard Bulgarian gladna.
(4) Nonexistence of the consonants f and x, e.g. ['odi] ‘he goes’, [sou'sem] ‘en-
tirely’, cf. Standard Bulgarian xodi, savsem (the third segment is realized as [f]).
However, if we consult OT and BDA we find that the former three distin-
guishing characteristics for the Moesian dialects are not supported by the maps.
(Ad 1) [bal] is common to almost the whole area east of the jar boundary (OT F
34); ['beli]/[ 'Peli] is found in only a few locations within and many outside the
area labelled as “Moesian” by Stojkov (OT F 35). In other words, it is far from
being typically Moesian.
(Ad 2) Neither in OT not in BDA do we find any maps distinguishing a “velar-
ized” articulation of the vowel in question. In the phonetic data of the present
project “velarized” realization of former back jer is not found.
(Ad 3) On OT map 166 we see that the eastern half of the Moesian dialects
shares this characteristic with (more than) the eastern half of Bulgaria.
(Ad 4) With respect to the fourth characteristic (nonexistence of f and x) we
sometimes do find a map on which an area is visible that remotely resembles
that of the Moesian dialects (OT maps 135-141). In almost all cases the relevant
characteristic is shared with significant areas to the east, west or south. The data
set of the project contains 23 potentially relevant words. If we limit ourselves to
these words and to the relevant segments of the words, we see that 15 words
show an isogloss that runs more or less along the boundary of Stojkov’s Moe-
sian area. These 15 isoglosses are combined in Figure 7."° The remaining 8
words do not show such an isogloss. As we see on Figure 7, even if we focus on
the relevant segments of these 15 selected words, the isoglosses do not only de-
lineate Stojkov’s Moesian area but other parts of Bulgarian as well.

' The northeast corner of Bulgaria is not distinguished from the Moesian area as it is on Stoj-
kov’s map, but this is not surprising: there are no data from that area.
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We conclude that as far as phonetics is concerned there is not enough evi-
dence for distinguishing a Moesian dialect area. Three out of four phonetic
characteristics are not visible on the traditional maps either, the fourth is spo-
radically present on the traditional maps and shows on the quantitative maps if
one focuses on the relevant segments of the relevant words (15 out of 156). Ap-
parently this signal is not strong enough to surface when the data as a whole is
taken into account.

FIGURE 7: ISOGLOSSES OF THE RELEVANT SEGMENTS OF THE 15 SELECTED
WORDS DISCUSSED IN SECTION 5.2.3.

5.2.4 Northwest vs. southwest; Stojkov’s TR zone

As we see in Figure 5 above, Stojkov’s map divides the western dialects into a
thin Serbian transition region (TR) in the northwest, and then further subdivides
the rest into a northern (NW) and a southern (SW) regions. The quantitative
maps, however, do not reliably recognize the TR zone,'® and never recognize
the NW-SW division.

These divergences between the quantitative and the traditional maps are
more surprising than the others discussed above, as Stojkov justifies both divi-
sions under discussion by referring to a considerable number of phonetic iso-
glosses.

With respect to the split NW vs. SW the phonetic characteristics concern:
(1) The reflexes of back jer in specific phonetic environments or in specific
words;

'® WPGMA maps do (see Figure 6 in section 5.2), but maps based on other clustering algo-
rithms such as UPGMA do not.
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(2) The reflexes of front jer;

(3) The reflexes of the back nasal;

(4) Presence or absence of mixture of reflexes of back and front nasal;

(5) Reflex of jat in cjal (Standard Bulgarian) ‘whole’ (masculine singular) and
celi (plural);

(6) Final o or e in such words as nase (Standard Bulgarian) ‘our’ (neuter singu-
lar);

(7) Presence or absence of the second j in jajce (Standard Bulgarian) ‘egg’.
These characteristics are presented on 21 different maps in OT and are present
in 21 words in the data."”’

Stojkov distinguishes his TR dialects on the basis of the following character-
1stics:

(a) The reflexes of back and front jer in specific phonetic environments or in
specific words;

(b) Reduction or not of front jer in the suffix of such words as Zaden (Standard
Bulgarian) ‘thirsty’;

(c) The reflexes of the back nasal in specific words;

(d) Reflexes of Old Bulgarian *¢#j, *kzj and *dj in general and in specific words;
(e) palatalized or nonpalatalized / in such words as bolna (Standard Bulgarian)
41’ (feminine singular);

(f) Labialization or not of e in certain phonetic environments;

The characteristics given here are presented on 16 different maps in OT and
are present in 22 words in our data.

In Figure 8 below we see the isoglosses for the 21 words from the data set
that show the relevant characteristics for the split NW vs. SW (nrs. 1-7 above in
this section). For each word only the relevant phoneme is taken into considera-
tion."® We could show a similar isogloss bundle for the distinguishing charac-
teristics of the TR dialects (nrs. a-f above in this section) but we shall not do so
for reasons of space.

The existence in our own data of an isogloss bundle between the northwest
and the southwest leads us to ask why the feature differences are not reflected
in consistent differences in the final analyses.

7 On these maps it is often the case that the NW (more rarely the SW) shares its characteristic
with part of the dialects to the east (east of the jar-boundary), but this is not a problem since the
split between east and west is undisputed.

"8 The map not only confirms Stojkov’s division into northwest and southwest, but part of the
isoglosses also delineates Stojkov’s TR dialect area. In addition, the same features confirm the
east-west jat-boundary in the center of the country. In the north, the jat-boundary is strengthened
by only two of the 21 features
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FIGURE 8: ISOGLOSSES OF THE 21 WORDS THAT SHOW A
NORTHWEST-SOUTHWEST SPLIT. ONLY THE RELEVANT SEGMENT OF EACH WORD
HAS BEEN TAKEN INTO ACCOUNT.

We shall try to shed some light on this matter by showing and analyzing some
MDS plots. We shall examine the entire western region together, i.e. addressing
both the question of Stojkov’s TR zone and his proposed NW-SW split.

FIGURE 9. LEFT: GEOGRAPHICAL LOCATION OF STOJKOV’S NW, SW AND TR
DIALECTS. RIGHT: MDS PLOT OF THE LINGUISTIC DISTANCES BETWEEN THOSE
DIALECTS.
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Figure 9 shows an MDS plot of all of the western varieties, where Stojkov’s
NW group is marked by triangles, the SW group by boxes and the TR group by
circles

The MDS plot clarifies that the TR group has a relatively distinct core, but
that there are varieties intermediate between the TR varieties and the other
western varieties. The region in the MDS plot between the TR group and the
rest of the western dialects is not empty, as it would be if there were a substan-
tial categorical division between the TR varieties on the one hand and the rest
of the western varieties. In this case we are inclined to accept Stojkov’s divi-
sion, but note that is not a matter of very distinct subsets, but rather two groups
with some intermediate cases. We identify the problem in the clustering proce-
dures, which are easily confused when the space between clusters is occupied as
it is here.

If we now turn to the remaining western dialects in the MDS plots, again ex-
amining Figure 9, we note that, while the SW varieties (squares) occupy a fairly
compact section of the linguistic plane, the NW varieties (triangles) are com-
paratively diverse. This means that while it is possible to distinguish north and
south, the decision of where to separate them will necessarily be arbitrary.
These two groups are less clearly separated in the MDS plot. Our tentative con-
clusion is that the distinction is less clearly reflected in the data. Let us examine
this more closely.

We attempt to focus on this issue by examining first, the aggregate distances
based on just the words in which the relevant features appear, and second, the
aggregate distances based on just the single segments themselves. The MDS
plots are found in Figure 10.
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FIGURE 10: MDS PLOT OF WESTERN DIALECTS BASED (LEFT) ON ALL156 WORDS,
(CENTER) FOCUSING ON THE 21 WORDS SHOWING THE RELEVANT FEATURES AND
(RIGHT) ON THE 21 SEGMENTS THEMSELVES.
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The MDS plot on the left in Fig. 10 is repeated from Fig. 9. We concluded in
discussing it there that a core of the TR dialects could be identified even though
some dialects in the area were not easily distinguished from the other western
varieties. When we focus on just the 21 sounds Stojkov uses as a basis, we ob-
tain a situation shown on the right, where all three regional varieties are clearly
distinct. We note that there are borderline cases even in this very focused view,
shown by the single triangle within the group of squares (village of Kreta, Vraca
province), and the two circles which are closer to the squares than to the other
circles. These are the villages Bucin proxod (Sofia province) and Velkovci
(Pernik province). The MDS plot in the middle reflects the Levenshtein dis-
tances between the 21 words in which Stojkov’s features appear, without focus-
ing on the relevant segments. We include it here to show how the other infor-
mation in the words tends to cloud the neater classification on the right.

With respect to our central question concerning the reason for the differ-
ence between the quantitative and the traditional divisions of Bulgarian dialects,
we conclude first that the TR varieties are largely, but not consistently distinct
from the other western varieties. Our clustering algorithms are not up to the task
of consistently identifying the TR varieties as a distinct group. Second, we may
discern a distinction between the NW and SW varieties along traditional lines in
our data, but the distinction is clouded by a large number of features that are not
distributed according to the north-south division.

6. Conclusion

Our goal in this paper was to compare traditional and quantitative classifica-
tions of Bulgarian dialects. We drew on Stojkov’s authoritative work for our
views on traditional classification, and we used a simple version of Levenshtein
distance to provide a base for a quantitative view. The general lines of the two
views of the Bulgarian dialect landscape are similar. Both see the language area
dominated by an east-west division — Stojkov’s jat line, and both identify the
Rupian south as a third most significant area. The quantitative work located the
jat line slightly to the east of where Stojkov had drawn it, and it failed to iden-
tify anything like his Moesian area. In both of these cases we find for the quan-
titative work, and conclude that it improves on Stojkov’s.

Assuming that Levenshtein distance is yielding a probative measure of ag-
gregate pronunciation differences, we relied on multidimensional scaling
(MDS) to visualize the more than 19,000 distances between the pairs in our
197-site sample, encouraged by the fact that over 92% of the variation is cap-
tured in the first two dimensions. This allowed us to see that the Rupian area is
much more diverse than either the east or the west in the north. We noted that
while it is possible to distinguish the Rupian varieties in the two-dimensional
MDS plots, there is essentially no clear margin distinguishing them, which
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means that the exact demarcation will have to be somewhat arbitrary. We like-
wise inspected the results of various clustering algorithms, but these reliably
distinguished only the east from the west along the jat line — all of Stojkov’s
further divisions escaped the dull eye of the clustering algorithms.

The situation in the west is similar to that in the Rupian area. The MDS plot
demonstrates that the Serbian transition zone, the northern and southern parts of
the west, all of which Stojkov postulated, may indeed be distinguished when
using aggregate pronunciation distance, but the borders are not linguistically
prominent. It is not surprising that clustering fails to distinguish these areas re-
liably, even if one algorithm, WPGMA, was able to distinguish the Serbian
transition zone Stojkov had postulated.

We noted above that most of the work presented here proceeds from the as-
sumption that Levenshtein distance is a valid measure of the pronunciation dif-
ferences found in dialects. Naturally this assumption may be questioned: for
example, the built-in sensitivity to segment frequency in Levenshtein distance
may be inappropriate. Ultimately, we think such questions must be settled by
testing dialect speakers on their sensitivity to pronunciation differences. Com-
putational measures of pronunciation differences may be modified in myriad
and complicated ways. We have theoretical reasons for preferring the simple
version of the measure we have applied here, but ultimately, we need to test our
ideas against the social sensitivity of dialect speakers.

University of Groningen
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Appendix A

Here we present the 156 words that form the data set of the project. The forms
in Cyrillic script represent the Standard Bulgarian words in their accepted or-
thography. The phonological notation used also refers to Standard Bulgarian.
Phonetic details such as final devoicing or the effects of vowel reduction are not
represented. Unless indicated otherwise, verb forms are in the present and in the
first person singular; nouns, adjectives and participles are in the singular mascu-
line (if applicable). If a verb form has an indication for person, it is a present
form unless indicated otherwise.

a3z faz/'T arse /agne/ lamb' 6emu /beli/ 'white - pl'

6epsT /beryt/ 'pick - 3 pl'  Geme /befe/ 'be - past 3 sg' Opane /brane/ 'pick - verb. noun'

6pamno /brafno/ 'flour' 0bp30 /byrzo/ 'quickly’ Gsxme /blaxme/ 'be - past 1% pI'
BexIa /vezda/ ‘eyebrow’ Bede /vetfe/ 'already’ Beuep /vetfer/ 'evening’

B /vid'ax/ 'see - aor’ Bue /vie/ 'you - 2™ pl' BUHO /vino/ 'wine'

Bim3aM /vlizam/ 'enter’ Boxa /voda/ 'water' BoJ1 /vol/ 'ox’

BpeMe /vreme/ 'time’' BpBX /vryx/ 'peak’ BpbILaMm /vryftam/ 'give back’

Buepa /vtfera/ 'yesterday’' BBB /vy v/ 'in' BBIK /vylk/ 'wolf
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BBJIHA /vylna/ 'wool'
BATHp /Vatyr/ 'wind'

roeeno /govedo/ 'bovine
animal'

rpagsT /gradyt/ 'the city’

nBe /dve/ 'two'

nepa /dery/ 'flay’

JoK00 /d3ob/ 'pocket’
noxy /dolu/ 'downstairs'
ook /dylbok/ 'deep'
ennH /edin/ 'one - masc'
euemuk /etfemik/ 'barley’
KUB /3iv/ 'alive'

3Be3na /zvezda/ 'star'

3eT /zet/ 'son/brother in law'

uMme /ime/ 'name’

koe /koe/ 'which - neut'
kbae /kyde/ 'where'
Maiika /majka/ ‘mother’

msikoto /mlakoto/ 'the
milk'

MBKe /my3e/ 'men'

HEENs /nedela/ '‘Sunday'

Hes /neja/ 'she - accusative'

HomT /noft/ 'night'

oBlie /ovtse/ 'sheep - pl'
oreH /ogyn/ fire'

neka /peka/ 'bake’
netsk /petyk/ 'Friday'

npw4 /prytf/ 'billy -goat'
mschK /pjasyk/ 'sand’
poue /rytse/ 'hand - pl'
cens /sed’a/ 'sit'

coi /sol/ 'salt'

crapet /starets/ 'old man'
crbora /sybota/ 'Saturday'

TakbB /takyv/ 'such’'

BbHKa /vynka/ 'outside’
rasa /glava/ 'head'

rope /gore/ 'upstairs'
rpo3ze /grozde/ 'grapes’

asop /dvor/ 'yard'
necet /deset/ 'ten'

nHec /dnes/ 'today'
nmoursn /dofxl/ 'come - aor part'
neHO /dyno/ bottom’
enHo /edno/ 'one - neut’
xensso /3elazo/ 'iron’
KT /3¥1t/ 'yellow'
31pas /zdrav/ 'healthy'
u /i/ 'she -dative'
kambK /kamyk/ 'stone’
koH /kon/ 'horse’'

necHo /lesno/ 'easily’
Mecel /mesets/ ‘month’

MHoOro /mnogo/ 'much, many'

MBKBT /my3yt/ 'the man'
Helue /nefte/ 'not want - 3dg
Hue /nie/ 'we'

HAMa /nama/ 'there is no'
ouap /ovtfar/ 'shepherd’
onesu /onezi/ 'those'

nenen /pepel/ 'ash'

rrammamM /plaftam/ 'pay’

mepBUAT /pyrvijat/ 'the first'
pexa /reka/ river'

ce /se/ 'oneself'

cectpa /sestra/ 'sister'
cpenara /sredata/ 'the middle’
cTpax /strax/ 'fear’

cepm /syrp/ 'sickle’

TBOM /tvoj/ 'yours'
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BBTpE /vytre/ 'inside’
raneH /gladen/ 'hungry'

roctH /gosti/ 'guest - pl'

nanoxa /dadoxa/ 'give - aor 3™
pl'

JeH /den/ 'day’

nere /dete/ 'child'

nobpe /dobre/ 'well - adv'
nexn /dy3d/ 'rain’

IbpBo /dyrvo/ 'tree’

e3unk /ezik/ 'tongue'

JKeHa /3ena/ 'woman'
KbTBa /3ytval 'harvest'
3ems /zem'a/ 'Earth'

uM /in/ 'they - dative'
xirou /kljutf/ 'key'

KpbB /kryv/ 'blood'

nema /lefta/ 'lentils'

Meco /meso/ 'meat’

MBK /m¥3/ 'man’

Hamie /nafe/ 'our- neut'

Hemo /nefto/ 'something'
HOCAT /nos'at/ 'carry - 3" pI'
oBra /ovtsa/ 'sheep'

oBuapu /ovtfari/ 'shepherd - pl'
opex /orex/ 'walnut'

neren /petel/ 'rooster'

noneneTHUK /ponedelnik/
‘Monday'

T /pyt/ 'road’

prKa /ryka/ 'hand’

cera /sega/ now'

cupene /sirene/ 'cheese’
cpsna /sr'ada/ 'Wednesday'
cyx /sux/ 'dry'

cbe /sys/ 'with'

ToBa /tova/ 'this - neut’
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Toraga /togava/ 'then’'
Tpesa /treva/ 'grass'
¢ypHa /furna/ 'oven'

xy0aB /xubav/ 'beautiful'

gaxar /tfakat/ 'wait - 3" pI'
yepema /tferefa/ 'cherry’
yoBek /tfovek/ "human'
a0wka /jabylka/ 'apple’
aima /jajtsa/ 'egg- pl'

TBMHO /tymno/ 'dark - neut'
yTpe /utre/ 'tomorrow'
xuis16 /xPab/ 'bread'

xybaBo /xubavo/ 'beautiful -
neut'

yepBeH /tferven/ 'red'

yera /tfeta/ 'read'

e /fte/ 'will (all persons)'
a0wsku /jabylki/ 'apple - pl'
aM /jam/ 'eat’

TBHHKO /t¥ynko/ 'thin - neut'
yxo /uxo/ 'ear’

xopo /xoro/ 'chain dance'
i /ts'al/ 'whole'

yepeH /tferen/ 'black’
yeniMa /tfefma/ 'fountain'
s /ja/ 'she - accusative'
aine /jajtse/ 'egg’

'

senr /jadef/ ‘eat - 2™ sg



