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Abstract: Measuring distance between languages, dialects and language varieties,
both synchronically and diachronically, is a topic of growing interest in NLP. Based
on our Syntactically Annotated Historical COrpus in BAsque (SAHCOBA) and
previous work in perplexity-based language distance proposed by Gamallo, Pichel
and Alegria (2017, 2020), we have compared historical corpora with current texts in
the standard variety and calculated the language distances between them. As the
standard Basque is based on the central dialects, the starting hypothesis is that the
oldest texts and the dialects on the extremes will be the most distant. The results
obtained have largely confirmed the thesis of traditional dialectology: peripheral
dialects show a strong idiosyncrasy and are more distant from the rest.
Keywords: Language distance, dialectology, historical texts, perplexity.

Resumen: Medir la distancia entre diferentes lenguas, dialectos o variantes de
lengua, tanto sincrónica como diacrónicamente, es un área de interés creciente den-
tro del PLN. Basándonos en el corpus histórico sintácticamente anotado del euskera
(SAHCOBA), y en el trabajo previo realizado por Gamallo, Pichel y Alegŕıa (2017,
2020) en relación con la distancia entre lenguas basada en perplejidad, hemos com-
parado textos históricos en euskera con textos actuales y hemos calculado la dis-
tancia entre ellos. Dado que el euskera estándar se basa en los dialectos centrales,
la hipótesis inicial es que los textos más antiguos, aśı como los textos de los di-
alectos periféricos serán los más distantes. Los resultados obtenidos confirman de
forma contundente las tesis propuestas por la dialectoloǵıa tradicional: los dialectos
periféricos muestran una fuerte idiosincrasia y su distancia respecto al estándar es
mayor que la del resto de dialectos.
Palabras clave: Distancia lingǘıstica, dialectoloǵıa, textos históricos, perplexity.

1 Introduction

Measuring distance between languages, di-
alects and language varieties, both synchroni-
cally and diachronically, is a topic of growing
interest in NLP. Under the BIM and SAH-
COBA projects1 we have collected the most
relevant historical texts in Basque written in
different dialects. As a next step, we hoped
to quantify how different these texts are as

1Basque in the Making (BIM): A Historical Look
at a European Language Isolate project (ANR-17-
CE27-0011 - BIM, Agence Nationale de la Recherche,
France) and the Syntactically Annotated Historical
COrpus in BAsque (SAHCOBA, RTI2018-098082-
J-I00) project (Ministry of Science and Innovation
(MICINN), Spain).

a means to confirm and modulate theories
about the historical and dialectal develop-
ment of the language. For this purpose, we
have compared the historical corpora with
current texts in the standard variety and cal-
culated the distances between them. As the
standard is based on the central dialects, the
starting hypothesis is that the oldest texts
and the dialects on the extremes will be the
most distant.

For measurements we have used informa-
tion theory based on perplexity. Perplexity-
based measures have been employed suc-
cessfully for language identification (Gamallo
et al., 2016), to calculate distance between
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languages (Gamallo, Pichel, and Alegria,
2017b), and to quantify the diachronic dis-
tance in a language (Pichel, Gamallo, and
Alegria, 2018). The software is open and,
being an unsupervised method, only raw his-
torical corpora are required.

The remainder of this paper is organised
into several sections. Specific features of the
Basque language and its dialects are intro-
duced in Section 2. Section 3 is devoted to
describing the corpus, while Section 4 covers
why and how perplexity is applied. In Section
5 we detail the design of the experiments and
briefly discuss the results in Section 6. Fi-
nally, Section 7 outlines our conclusions and
possible future work.

2 Basque language and dialects

As a non-Indo-European language, indeed
an isolate, Basque grammar differs consider-
ably from that of the neighbouring languages.
Basque is agglutinative, head-final, pro-drop,
and usually assumed to be a Subject-Object-
Verb (SOV) type language (de Rijk, 1969),
but it is also described as having ‘free word
order’, meaning that the order of phrases in
the sentence can vary (Laka, 1996). More-
over, the Basque language exhibits a high
level of dialectal fragmentation over an area
of 10,000 km2. The dialectal split began in
the early Middle Ages (Mitxelena, 1981), and
over the past few centuries the linguistic dis-
tance between dialects has been increasing
to the extent that today peripheral varieties
are not mutually intelligible in oral speech by
non-trained speakers.

Figure 1: Historical Basque dialects. Alavese
and Roncalese are extinct varieties. The
green line represents the French-Spanish bor-
der.

At present, Zuazo (2014) distinguishes
between five main Basque dialects: the
Western dialect, traditionally called Bis-
cayan, the Central dialect, traditionally
known as Guipuscoan, the Navarrese dialect,
the Navarrese-Labourdin dialect, and the
Souletin dialect2.

Figure 2: The five main dialects of the
Basque Language (after Zuazo (2014)).

These five dialects are noticeably distinct
from each other and, while there were spo-
radic attempts in the early twentieth century
to bring some uniformity to Basque, it was
not until 1968 that the Royal Academy of the
Basque Language (founded in 1919)3 decided
to standardise it. Standard Basque (Batua)
is a literary variety constructed upon cen-
tral dialects of the language and historical
dialects differ from standard Basque to vary-
ing degrees.

The distance between Basque dialects has
often been a matter of discussion among lin-
guists, but a scientific consideration of this
problem requires some operational procedure
for quantifying linguistic distance (Mitxe-
lena, 1981). To our knowledge, the only at-
tempts to quantify the differences between
dialects have been based on dialectometry
(Séguy, 1973) and have been carried out by
linguists from the Eudia4 group at the Uni-
versity of the Basque Country, including Au-
rrekoetxea, Gaminde, and Videgain, among
others (Aurrekoetxea, 1992; Aurrekoetxea
and Videgain, 2009; Aurrekoetxea et al.,
2019). Their research does not deal with his-
torical dialectology, but with dialects spoken

2http://euskalkiak.eus/en/ezaugarriak.php
3https://www.euskaltzaindia.eus/en/
4http://eudia.ehu.es/en/home/
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today, from a synchronic perspective. How-
ever, language history and dialectology must
go hand in hand (Camino, 2008) since every
historical text is by definition a dialectal one.

Biscayan and Souletin are the two dialects
at the corners. As traditional dialectological
studies attest, they display the greatest dif-
ferences from the others and have the most
marked idiosyncrasy. The case of Biscayan
is particularly relevant, as in the past certain
scholars claimed that there were only two di-
alects: Biscayan on the one hand, and the
central-eastern dialect, which would include
the rest of the dialects, on the other (La-
combe, 1924). Although Biscayan has indeed
noticeable characteristics that are lacking in
the other dialects, it is no less true that many
of these idiosyncrasies are innovations due to
its peripheral character. Bear in mind that
the lateral areas, unlike the central ones, are
not only repositories of archaisms but also a
breeding ground for innovations fostered by
the heat of languages from the surrounding
area (Mitxelena, 1981).

As we have already said the standard
Basque (Batua) is based on the central di-
alects (mainly Guipuscoan and Labourdin),
from which we can deduce that the periph-
eral dialects are the most distant from the
standard. The main goal of this paper is to
quantify the distance of the different histor-
ical dialects from standard Basque in order
to confirm (or reject) existing dialectological
theses in a quantitative way, thus contribut-
ing to historical dialectology from computa-
tional linguistics. To carry out this work we
are going to use perplexity-based measures
(see Section 4).

3 Corpus

Basque’s historical corpus is quite scarce
compared to those of neighbouring lan-
guages. Moreover, the corpus is asymmetri-
cal geographically and historically: most va-
rieties have significant gaps in their textual
history, and at certain periods we do not have
written records for all dialect. Along with
scarcity and asymmetry, we must also men-
tion homogeneity since, until the nineteenth
century, works of a religious nature consti-
tuted more than 95% of the corpus (Lakarra,
1997). Most of these are also simple texts
(doctrines, catechisms, etc.), which conceal
many characteristics of the language, as lexi-
con, morphology and syntax are constrained

by the type of discourse (Ulibarri, 2013).
As mentioned above, two projects have

been involved in the creation of the Basque
annotated historical corpus: BIM and SAH-
COBA. The BIM-SAHCOBA corpus needed
be representative of all dialects with a written
tradition. Therefore, in these two projects we
decided to establish a philologically reliable
corpus covering most of the textual produc-
tion between the fifteenth and mid-eighteenth
centuries (Estarrona et al., 2021). This, on
the one hand, is the minimal span that in-
cludes regular attestations for all Basque di-
alects and, on the other, is representative of
the divide between Archaic and Old Basque
from early modern Basque (Gorrochategui,
Igartua, and Lakarra, 2018).

For the time being, we are creating a cor-
pus of around one million words. Considering
the issues associated with the written past
of languages, especially in cases like Basque,
this size is considered acceptable for a histor-
ical corpus (Claridge, 2009).

We have picked out nine works from the
sixteenth and seventeenth centuries for our
experiments. The oldest texts have been cho-
sen because, although it is true that over time
the dialects have become ever distant from
each other (Mitxelena, 1981), it is no less true
that the more recent the text, the closer it is
to the standard variety. The main criterion
for the choice of works was diversity of di-
alect. Thus, the texts selected are relevant
to the history of Basque and that, in addi-
tion, reflect the main characteristics of each
historical dialect. They are as follows 5:

• Lazarraga’s manuscript (1565)6

• Iesus Krist Gure Iaunaren Testamentu
Berria (New Testament), Leizarraga
(1571)

• Dotrina Christiana. Bigarren impres-
sionean debocionozco othoitz eta Ora-
cino batçuez berreturic, Materra (1617)

• Gvero bi partetan partitua eta berecia,
Axular (1643)

• Iesusen imitacionea, Pouvreau (1669)

5The works are arranged by dialect and chrono-
logically within each dialect.

6We will use the following abbreviations in the ta-
bles: Lazarraga=Laz; Leizarraga=Lç; Materra=Mat;
Axular=Ax; Pouvreau=SP; Beriain=Ber; Ka-
panaga=Cap; Tartas=Tt: and Belapeire=Bp.
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• Tratado de como se ha de Oyr Missa,
Beriain (1621)

• Exposición breve de la doctrina chris-
tiana, Kapanaga (1656)

• Onsa hilceco bidia, Tartas (1666)

• Catechima laburra eta Jesus-Christ
Goure ginco jaunaren ecagutcia, Be-
lapeire(1696)

Table 1 shows the description of the se-
lected works:

Author Century Dialect Size

Laz XVI Alavese 12,072
Lç XVI Labourdin 73,906
Mat XVII Labourdin 16,323
Ax XVII Labourdin 90,029
SP XVII Labourdin 46,363
Ber XVII Upper Navarrese 14,995
Cap XVII Biscayan 11,408
Tt XVII Lower Navarrese 34,505
Bp XVII Souletin 23,735

Table 1: Works chosen for the experiments,
century and year in which they were written,
dialect and size.

Note that we consider Lazarraga’s work
as written in the Alavese dialect, which is
an extinct variety. From today’s perspective,
Lazarraga’s text is commonly considered a
western dialect (Pagola, 2006), a classifica-
tion created by Zuazo (2014).

As can be seen in Table 1, and due to the
aforementioned asymmetry of the corpus, we
do not have works in all the dialects for each
century. As a case in point, there are no
sources for the Guipuscoan dialect until the
middle of the eighteenth century7. An in-
teresting avenue for future work would be to
quantify the distance of this central or Gui-
puscoan dialect with respect to the standard
since in principle it should be the closest to
it, both because the standard is based on
the central dialects and because the texts in
Guipuscoan are much more recent than those
analysed in this paper.

Finally, we should mention the philologi-
cal work that we carried out to begin from the
best possible transcription of the works that

7There are, however, small texts of few words
collected in Michelena (1964), Sarasola (1983) and
Satrustegi (1987).

we treated. We compared the transcriptions
with their facsimiles (and/or with reliable
critical editions) and, depending on the qual-
ity of each one, opted for one of the following:
i) to correct the transcript, or ii) to create a
new one. This task is highly time-consuming,
but necessary to ensure our corpus is based
on reliable versions of historical texts. The
main criterion behind this philological effort
is modernising the spelling — not to be con-
fused with the adoption of present-day stan-
dard Basque orthography. In our corpus, the
updating of spelling preserves the phonolog-
ical shape of each text. For instance, East-
ern Basque dialects have a set of aspirated
plosive phonemes ph, th, kh that is not rep-
resented in the spelling system of standard
Basque. However, we decided to maintain
this phonological feature in the transcription
of the texts (Estarrona et al., 2021).

4 Language distance. Perplexity

The main approaches to measuring language
distance for historical or dialectal texts com-
pare phonetic forms (Kondrak, 2005), “but
some researchers have argued against the
possibility of obtaining meaningful results
from crosslingual comparison of phonetic
forms” (Singh and Surana, 2007).

In computational linguistics, language
models have been utilised for this purpose.
The models and the calculation of cross-
lingual similarity are often based on word
co-occurrences (Liu and Cong, 2013; Gao et
al., 2014; Asgari and Mofrad, 2016). Re-
cently, Degaetano-Ortlieb and Teich (2018)
have used relative entropy for the detection
and analysis of periods of diachronic linguis-
tic change.

Perplexity-based measures are related to
entropy and have been employed success-
fully for language identification (Gamallo et
al., 2016), to measure the distance between
languages (Gamallo, Pichel, and Alegria,
2017b), and to quantify the diachronic dis-
tance in a given language (Pichel, Gamallo,
and Alegria, 2018). Basque appears in two
of the experiments carried out by these au-
thors, one comparing forty-four European
languages (Gamallo, Pichel, and Alegria,
2017a) and the other selecting a handful of
isolated languages to measure the distance
between them (Gamallo, Pichel, and Alegria,
2020).

The method has been quite successful and,
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in addition to language identification and his-
torical linguistics (Scherrer, Samardžić, and
Glaser, 2019; Zugarini, Tiezzi, and Maggini,
2020), has been used in other fields, including
machine translation (Barrault et al., 2019),
sociolinguistics (Chavula and Suleman, 2020)
and sociology (Sant’Anna and Weller, 2020).

We use perplexity according to the
methodology proposed by Pichel, Gamallo,
and Alegria (2020) and the software they of-
fer8. A language model’s perplexity is de-
fined as the inverse probability of the test
text given the model. It is calculated com-
paring the n-grams (characters) of a text in
one language/dialect with the n-gram model
trained for another language/dialect (or be-
tween two historical periods of the same lan-
guage). Lower perplexity would indicate
lower distance between languages (or lan-
guage periods). The comparison can be made
in both directions because perplexity is a di-
vergence with asymmetric values.

Due to the size of the historical texts, we
have calculated the distance only in one di-
rection, building the model for the standard
language (larger corpus) and using historical
texts as test corpus. In order to have compa-
rable results, we configured the distance and
the corpora with the same hyper-parameters
as those used by the authors: 7-grams.

5 Design of the experiments

As discussed in the previous section, at least
one corpus of standard Basque is required
to carry out the experiments that measure
distance between today’s standard and the
various historical dialects of the language.
The corpus of historical Basque has been de-
scribed in Section 3.

Regarding standard Basque, we believed
it best to ensure the subject of the standard
Basque text (or texts) was ’similar’ to that
of the historical texts. As most of the latter
are religious texts, we elected to use a digi-
tal version of the Bible written in standard
Basque9. However, to determine whether the
subject of the text is important when mea-
suring distance between historical and stan-
dard Basque, we also relied on a non-religious
second corpus written in standard Basque
(EPEC, a reference corpus for the processing
of Basque (Aduriz et al., 2006)).

8https://github.com/gamallo/Perplexity
9https://www.biblija.net/biblija.cgi?l=eu

In order to obtain the n-gram model of
standard Basque (Bible or EPEC) we used
the software previously mentioned in section
4. This software carries out a preprocess-
ing step before obtaining the final 7-gram
model that consists on: (1) text cleaning: fig-
ures and punctuation marks removed, upper-
case letters converted to lowercase, extrane-
ous characters eliminated, and so on; (2) to-
kenization. This preprocess reduced the size
of the Bible and EPEC corpora, leaving them
at 514,443 and 291,228 words, respectively.
After preprocessing step, two n-gram models
of standard Basque are trained, one utilising
the Bible and the other using EPEC corpora.

The same cleaning process applied to the
Bible and EPEC was repeated for each his-
torical text (the resulting sizes of the corpora
appear in Table 3). Given that the texts
vary significantly in length, from 11,408 to
90,029 words, and because we wished to com-
pare the distances between different dialects,
we decided to conduct two experiments for
each: one utilised a randomly selected pre-
determined portion of content similar in size
to the shortest text (11,500), while the other
used the full text. The results appear in Ta-
bles 2 and 3. In addition to cleaning pro-
cess, n-grams of each historical text were also
calculated. These n-grams were then used
to compare with the previously obtained n-
gram models of standard Basque in order to
obtain perplexity-based distance.

6 Results and discussion

In this section we will present and analyse the
results. Tables 2 and 3 contain the findings
obtained in the two experiments previously
described.

6.1 Results

Table 210 displays the results obtained for
samples of similar size extracted from every
source, while in Table 3 we see results for
the complete text. As may be appreciated,
the findings for the sample experiment differ
little from those obtained from that done on
the complete work, nor do they vary when we
compare the historical texts with the Bible or
with a corpus of a different subject matter,
such as EPEC.

10In the following tables we will use abbrevia-
tions for dialects: Alavese=Al; Labourdin=L; Upper
Navarrese=UN; Biscayan=B; Lower Navarrese=LN,
and Souletin=S.
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Dist. Dist.
Cent. Auth. Dial. Size Bible EPEC

XVI Laz Al 11,501 7.84 7.58
XVI Lç L 11,501 6.09 6.32
XVII Mat L 11,503 4.93 4.91
XVII Ax L 11,507 4.69 4.53
XVII SP L 11,510 4.77 4.79
XVII Ber UN 11,520 5.52 5.29
XVII Cap B 11,408 7.18 6.68
XVII Tt LN 11,503 6.07 5.68
XVII Bp S 11,500 11.33 9.48

Table 2: The two perplexity values for each
historical text based on a portion of similar
size. The first value was obtained using a
contemporary version of the Bible written in
standard Basque. The second was attained
using the EPEC corpus.

Dist. Dist.
Cent. Auth. Dial. Size Bible EPEC

XVI Laz Al 12,072 7.83 7.58
XVI Lç L 73,906 6.13 6.28
XVII Mat L 16,323 4.94 4.90
XVII Ax L 90,029 4.72 4.57
XVII SP L 46,363 4.74 4.78
XVII Ber UN 14,995 5.58 5.31
XVII Cap B 11,408 7.18 6.68
XVII Tt LN 34,505 6.06 5.66
XVII Bp S 23,735 11.43 9.54

Table 3: The two perplexity values for each
historical text. In this case, the entirety of
each historical text was utilised in the exper-
iment. The two corpora are the same as in
the previous experiment.

Unsurprisingly, the works closest to the
standard are those belonging to the central
dialects: Labourdin, Upper Navarrese and
Lower Navarrese. Moreover, the Labourdin
texts are somewhat closer than their Navar-
rese counterparts, which was to be expected
since the standard was essentially built on
Guipuscoan and Labourdin, as mentioned
above. Interestingly, Leizarraga’s work, de-
spite being essentialy written in Labour-
din, departs somewhat from the standard.
Leizarraga was presumably a native speaker
of Lower Navarrese and he noted that he
translated the Bible so that it would be un-
derstood by most readers, i.e. in a sort of
northern koiné. We should also mention that

Leizarraga’s work is one of the oldest and it
is therefore logical that it differs most from
the standard. These factors may help explain
why the results demonstrate a greater dis-
tance between this text and the standard.
The case of Tartas’s contribution may be
similar, given that despite being a Souletin
writer, he attempted to move away from the
Souletin dialect in order to address a wider
public.

The next most distant works from the
standard are those by Lazarraga and Ka-
panaga, written in Alavese and Biscayan, re-
spectively (both two western varieties). Once
again, this result was expected. Because
these varieties move away from the centre,
they are more peripheral and, therefore, more
distant from that standard variety.

Finally, the gap between the Souletin di-
alect and the standard should be highlighted.
In view of the findings, we can clearly state
that the work written in Souletin is the most
distant from the standard. Yet again, this
is an expected result since Souletin, like Bis-
cayan, is a highly idiosyncratic peripheral
variety. One of the most conspicuous features
of this Souletin idiosyncrasy is the so-called
sixth vowel “ü” (/y/), non-existing in the rest
of dialects. We believe that it is this charac-
teristic that makes the distance so quantita-
tively great. Tartas, however, opted against
using a specific spelling for the sixth vowel in
his works, or used it in a very defective way
and perhaps this also helps explain why the
distance is not as great as in other Souletin
authors.

In short, we emphasize once more that
the results obtained confirm our expectations
and that they validate quantitatively what
traditional dialectology affirms.

6.2 Comparing with other
languages

Although the quantitative values of the dis-
tances are not directly comparable to similar
experiments with corpora in other languages,
we can consider whether the range of val-
ues that we have found (4.53 minimum and
11.43 maximum) coheres with those obtained
in the diachronic study of other languages or
in crosslingual comparisons.

Gamallo, Pichel, and Alegria (2017a)
demonstrate that the distance between older
English (sixteenth-eighteenth centuries) and
today is 5.80, but that for previous centuries
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(twelfth-fifteenth) it is up to 15.85 (original
spelling in both cases). In the case of Por-
tuguese, the measured values for the same
periods in original spelling are 7.40 and 7.73,
while for Spanish they are 5.97 and 8.02.

Thus, for the period between the sixteenth
and eighteenth centuries, the values for the
three languages are 5.80, 7.40 and 5.97. In
our case, with the exception of Belapeire, the
distances for most of the Basque historical
texts are close to these figures.

With respect to distance between lan-
guages, Gamallo, Pichel, and Alegria (2017a)
compute distances among 44 European lan-
guages using perplexity, yielding interesting
figures that are close to the values we ob-
tained:

• The smallest distances obtained are the
Bosnian-Croatian distance (5) and the
Portuguese-Galician distance (6).

• Within the 7-9 range are Bosnian-
Slovene, Catalan-Spanish, Czech-Slovak
and Portuguese-Spanish.

• The value for the Swedish-Danish dis-
tance is 12 and for Swedish-Norwegian
13.

Hence, the smallest diachronic distance
between the Basque dialects and standard
Basque is similar to the distance between
the closest languages, just as the greater dis-
tances within Basque are similar to those be-
tween languages that are somewhat more dif-
ferentiated.

7 Conclusions and Future Work

7.1 Conclusions

Utilising our Syntactically Annotated Histor-
ical Corpus in Basque and the previous work
in language distance by Gamallo, Pichel, and
Alegria (2017a), we have compared Basque
historical corpora with current texts in the
standard variety and calculated the language
distances between them. Since the standard
is based on the central dialects, the starting
hypothesis is that the texts of the dialects of
the extremes on the one hand, and the oldest
on the other, will be the furthest away.

The results obtained have largely con-
firmed the thesis of traditional dialectology:
peripheral dialects have a strong idiosyncrasy
and are more distant from the rest. We have
verified this by measuring the distance of all

historical dialects from the standard Basque
(built upon the central dialects).

We must not forget that these are initial
experiments and that the findings, while sig-
nificant, also raise further questions. For ex-
ample, we hope to study in depth the ef-
fect of the spelling “ü” in Souletin texts,
as it is involved in a series of morpho-
phonological changes. In addition, another
interesting avenue to pursue is the fact that
Lazarraga’s work is at the same distance
from the standard as Kapanaga’s written in
the Biscayan dialect. Traditional dialectol-
ogy tells us that Lazarraga’s text is written
in what is today known as the western di-
alect (as is Kapanaga’s). But within that di-
alect, Lazarraga would correspond to a more
eastern variety (closer to the central dialects)
(Pagola, 2006). Therefore, one would expect
that the distance with respect to the stan-
dard is not as great as in the case of the west-
ernmost Biscayan.

We believe that this work opens up a new
line of research in Basque dialectology and
that the next step is to measure the dis-
tances of the historical dialects from each
other to establish whether the results confirm
this study’s findings.

7.2 Future work

These first experiments and the results ob-
tained encourage us to continue working
along these lines. The next step will be to
include all the works in the corpus in the ex-
periments to see what occurs with varieties
of the language that are not attested to un-
til later, such as the case of the Guipuscoan
dialect.

We would also plan to measure the dis-
tance between the different historical di-
alects, although we foresee that the scarcity
of records will be a major roadblock. Once
the distances between the historical dialects
are calculated, it will be worthwhile to com-
pile a contemporary corpus of the different
dialects in order to measure the distances
between them and compare the results with
those obtained for the historical dialects. In
this way, we will be able to test the thesis
of traditional dialectology that the distance
between Basque dialects increased over time.
It nevertheless remains that, in some aspects,
the spreading of standard Basque during the
last decades favours dynamics of convergence
between dialects.
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