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Abstract
This study attempts to integrate Esperanto into the research of dependency distance, based on a small-scale
multi-lingual parallel corpus of Manifesto de Prago, annotated with UD relations, to contribute to the development of
research on Esperanto as a natural language. The mean dependency distance and the distribution of dependency
distances of Esperanto are not significantly different from the majority of the 21 languages in the corpus, thus partially
supporting the claim that Esperanto is no less natural than other natural languages.
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1. Introduction

This study attempts to integrate Esperanto into the
research of Dependency Distance, based on a
small-scale multi-lingual parallel corpus, which has
been constructed for this unique purpose.

Despite the origin of Esperanto as a constructed
language (Zamenhof, 1887), several researchers
today investigated its linguistics characteristics
as one of the natural languages (Gledhill, 2000;
Goodall, 2023; Liu, 2011; Koutny, 2015, among oth-
ers) which can be the topic of theoretical linguistics,
because it shares some linguistic characteristics
with other natural languages. In this context, Oya
(2025) has introduced a small-scale Universal De-
pendencies (UD) treebank based on the Esperanto
version of Manifesto de Prago (Fettes, 1996) (MdP),
an official document published online, advocating
the status of Esperanto as an international auxiliary
language. That treebank is intended to contribute
to the development of research on Esperanto as a
natural language.

If Esperanto is to be considered as one of the
natural languages as argued by some researchers
mentioned above, then we need to demonstrate
that (1) it does not show any extraordinary trait
which cannot be found in other natural languages,
and that (2) it shares some common characteristics
with other natural languages. In order to do so,
we need to employ some metrics to compare and
contrast Esperanto to other natural languages so
that such investigations can be as objective and
replicable as possible. In this context, this study
focuses on the Dependency Distance of Esperanto
and other languages as such a metric, based on
the text data provided in MdP as a multi-lingual
parallel corpus.

This article is organized as follows: Section 2
summarizes the concept of Dependency Distance,
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with a focus on the idea of Mean Dependency Dis-
tance (Liu, 2007, 2008, etc.), followed by the ra-
tionale of this study. Section 3 describes how the
raw text data available online were parsed in the
format of UD for this study, and how these data are
analyzed in terms of their Dependency Distances.
Section 4 reports the results of the analysis, which
are further discussed from several viewpoints in
Section 5, and Section 6 concludes this article.

2. Dependency Distance

Dependency Distance (DD) is the number of words
from a word in a sentence to the word on which it
depends (Hudson, 1995; Liu, 2007, 2008, among
others). Liu (2008) states the definition of DD as
follows:

“let W,...W,...W,, be a word string. For any
dependency relation between the words
W, and Wy, if W, is a governor and W, is
its dependent, then the dependency dis-
tance (DD) between them can be defined
as the difference a — b; ... in measuring
dependency distance the relevant mea-
sure is the absolute value of dependency
distance.”

For example, in a sentence Sarah read 30 books
for her Ph.D dissertation, the noun Sarah depends
on the verb read, and its DD is one; the numeral
30 depends on the noun book, and its DD is one;
the noun books depends on the verb read, and its
DD is two, etc.

DD has attracted considerable scholarly atten-
tion as a key metric of syntactic complexity. A num-
ber of studies further contend that DD captures
certain universal properties of natural languages
(Ouyang and Jiang, 2018; Ouyang et al., 2022;
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Wang and Liu, 2017; Yan and Li, 2019, among oth-
ers). Moreover, cross-linguistic research has pro-
posed a general preference for shorter dependency
distances, attributed to constraints on short-term
memory. This is an effect commonly described as
Dependency Distance Minimization (Gibson, 2000;
Gildea and Temperley, 2010; Jiang and Ouyang,
2018; Niu et al., 2023; Temberley, 2007; Temperley,
2008, among others).

In this context of research on dependency dis-
tance and its minimization, mean dependency dis-
tance (MDD) is defined as follows (Liu, 2008),
where n means the word count of a sentence and
DD; means the dependency distance between the
i-th word and its head:

1 n
MDD (sentence) = ] Z |DD;| (1)
i=1

Liu (2008) assumed “that the greater the MDD
of a sentence, the more difficult the sentence” and
“the greater the MDD of a text, the more difficult the
text (or language)”, and conducted a corpus-based
research of the MDDs of 20 languages (Esperanto
is notincluded), and revealed that all MDDs of these
languages fall below 3.662.

Oya (2024) also conducted a research on multi-
lingual parallel corpus to calculate the DDs of a
variety of languages (Esperanto is not included)
to examine whether the distributions of DDs are
different across different languages. The results
show that the majority of the language pairs show
similar distributions of DDs, though their MDDs are
diverse within a certain threshold. This suggests
that, while MDDs may reflect language-dependent
characteristics across different languages within
a certain threshold, the distributions of DDs are
stable across them.

This study is an extension of Oya (2024), em-
ploying MdP mentioned above as a multi-lingual
parallel corpus. MdP is actually provided not only
in Esperanto, but in a variety of languages, and
therefore it can serve as a multi-lingual parallel cor-
pus when annotated in a principled way, such as
UD. At present, the Esperanto version of MdP has
been annotated with UD (Oya, 2025) as mentioned
above. This study introduces UD annotation on
MdP in 22 languages, including Esperanto, and
examines whether the MDD and the distribution
of DDs in Esperanto are similar to those of these
21 languages. If it is found the case, then that will
partially support the claim that Esperanto share a
certain trait with other natural languages as far as
the distribution of DDs is concerned.

This study is also an extension of Liu (2011),
which conducted analyses of lexical and syntactic
features of an Esperanto book (Zamenhof, 1907).
Along with other lexical and syntactic properties
which strongly suggest that Esperanto is a struc-

turally natural language, it revealed that the MDD
of the book is 3.85, which is longer than MDDs of
other languages mentioned in Liu (2008). If we
follow the logic of Liu (2008), that is, the greater
the MDD of a text, the more difficult the text (or lan-
guage), this result could lead us to conclude that
Esperanto is more difficult than other languages,
and it would be in contrast to the claim that Es-
peranto is no less natural than other languages, as
far as relative difficulty of a language (represented
by a longer MDD) is considerd to represent its rela-
tive lack of naturalness. However, the comparison
of MDDs across Liu (2008) and Liu (2011) is not
sound because they analyze different corpus data,
and therefore the contents of the text are not con-
trolled for syntactic analyses across them.

This insight on the necessity of controling the
content of the text data motivates to investigate
the MDD of Esperanto along with those of other
languages using a multi-lingual paralell corpus as
the primary data, in which the texts share the same
content across different languages, and therefore
we can focus on the difference or similarity of their
syntactic properties.

Against the background described above, this
study attempts to answer the following question:
Are the MDD and the distribution of DDs in Es-
peranto similar to those of the other languages in
a multi-lingual parallel corpus?

3. This study

3.1. Data

The corpus data used in this study is Esperanto
MdP with UD annotations, and its multi-lingual ver-
sions available online (https://lingvo.org/prago). It
is a manifesto which describes seven principles
of Esperanto movement to advocate it as an inter-
national auxiliary language, published in the 81st
World Esperanto Congress in Prague, Czech Re-
public in 1996. It is translated into 50 languages.

For example, the sentence (1) below is quoted
from MdP followed by its English translation, its UD
tree is Figure 1, and its UD analysis is shown in
Table 1:

(1) Ni asertas, ke lingva malegaleco sekvigas ko-
munikan malegalecon je €iuj niveloj, inkluzive
de la internacia nivelo.

(We maintain that language inequality gives
rise to communicative inequality at all levels,
including the international level.)

3.2. Analysis

The Esperanto version of MdP has been man-
ually annotated with UD tags in the format of



# sent_id = prago-009

# text = Ni asertas ke lingva malegaleco sekvigas komunikan malegalecon je €iuj niveloj, inkluzive de la internacia nivelo.
# text_en = We maintain that language inequality gives rise to communicative inequality at all levels, including the international level.

1 Ni ni PRON _ Case=Nom|Number=Plur|Person=1|PronType=Prs 2 nsubj
asertas aserti VERB _ Mood=Ind|Tense=Pres|VerbForm=Fin 0 root
3 s s PUNCT _ 7 punct
4 ke ke SCONJ 7 mark
5 lingva lingva ADJ _ Degree=Pos 6 amod
6 malegaleco malegaleco  NOUN _ Case=Nom|Number=Sing 7 nsubj
7 sekvigas sekvigi VERB _ Mood=Ind|Tense=Pres|VerbForm=Fin 2 ccomp
8 komunikan komunika ADJ _ Case=Acc|Degree=Pos|Number=Sing 9 amod
9 malegalecon  malegaleco  NOUN _ Case=Acc|Number=Sing 7 obj
10 je e ADP o 12 case
11 ¢iujn ¢iu DET _ Case=Acc|Number=Plur|PronType=Tot 12 det
12 nivelojn nivelo NOUN _ Case=Acc|Number=Plur 7 obl
13, , PUNCT _  _ 14 punct
14 inkluzive inkluzive ADV _ 7 advmod
15 de de ADP _ 18 case
16 la la DET _ Definite=Def|PronType=Art 18  det
17  internacia internacia ADJ _ Case=Nom|Degree=Pos|Number=Sing 18 amod
18  nivelo nivelo NOUN _ Case=Nom|Number=Sing 14 nmod
19 PUNCT _  _ 2 punct

Table 1: The UD annotations of the sentence (1); the fields DEPS and MISC are excluded

Q
<root>

asertas
root
VERB

Ni sekvigas

nsubj ccomp punct
PRON VERB PUNCT
ke /malegaleco malegalecon
mark nsubj obj
SCONJ NOUN NOUN \3
lingva komunikan niveloj
amod amod nmod
ADJ ADJ NOUg
je Ciuj inkluzive
case det advmod
ADP DET / ADV
, nivelo
punct nmod
PUNCT NOUN
de la internacia
case det amod

ADP DET ADJ

Figure 1: The UD tree for the sentence (1)

CoNNL-U and made public at the Web page of
Universal Dependencies (Oya, 2025). Among
these 50 languages in MdP, this study has cho-
sen 20 languages, and parsed them using an
original Python script which uses SpaCy for de-
pendency parsing (I parsed the Hungarian ver-
sion using HuSpaCy). The parsed output of
these 20 languages has been made public at
Github (https://github.com/MasanoriOya/Manifesto-
de-Prago).

The DDs of the dependency relations in each
language are extracted from the treebank, as the
absolute value of the difference between the gover-
nor and its dependent, and its MDD is calculated
using the formula proposed by Liu (2008). This
process is repeated for all the 21 languages in the
parallel corpus. Then these MDDs are compared
and contrasted with eath other. The differences
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of the distribution of these DDs are statistically ex-
amined using a Kruskal-Wallis test. This test is
chosen because the distribution of the DDs of a
language is not normal. This means that we can-
not use an ANOVA, which presupposes the normal
distributions of the data.

4. Results

The descriptive statistics of the DDs of the 21 lan-
guages in MdP is shown in Table 2:

Multi-lingual comparisons of MDDs show us vari-
ances across these languages, which do not nec-
essarily reflect their typological categorizations. In
other words, languages which belong to the same
branch are not necessarily close to each other in
terms of their MDDs. The MDD of Esperanto is
3.409, which falls in the middle of the average de-
pendency distances of these 21 languages, and it
is also shorter than the result of Liu (2011) (3.85).

A Kruskal-Wallis test showed that the DDs
significantly differed across these 21 languages,
(H(20) = 185.27, p < .01). A post-hoc Steel-Dwass
test revealed that the distribution of the DDs of Es-
peranto was significantly different from those of
Catalan, English, Japanese and Spanish, but no
significant difference was found between the distri-
bution of DDs of Esperanto and those of other 16
languages.

5. Discussions

The result suggests that Esperanto is not conspic-
uously different from the majority of the languages
in the MdP, as far as the MDD and the distribu-
tion of DDs is concerned. This fact may consti-
tute a partial yet significant support of the claim
that Esperanto is no less natural than other natural
languages. This insight is available only from the
viewpoint of Universal Dependencies and the DDs



eo ca da de el en
mean 3.41 329 299 3.72 3.08 285
median 2 2 2 1 2 1
mode 1 1 1 1 1 1
SD 460 499 431 539 457 436
token 839 1006 853 890 924 907
es fi fr hr hu it
mean 3.10 2.98 3.42 3.41 3.81 3.67
median 2 1 2 2 2 2
mode 1 1 1 1 1 1
SD 488 425 494 447 532 6.05
token 973 686 1055 785 913 1025
ja It nl pl pt ro
mean 3.92 3.37 4.14 326 3.52 3.56
median 2 2 2 2 2 2
mode 1 1 1 1 1 1
SD 847 443 559 454 548 6.70
token 1432 737 926 794 963 864
ru sl sv
mean 3.46 3.23 3.65
median 2 2 2
mode 1 1 1
SD 461 437 534
token 786 781 899

Table 2: The descriptive statistics of the depen-
dency distances of the 21 languages: eo, Es-
peranto; ca, Catalan; da, Danish; de, German;
el, Greek; en, English; es, Spanish; fi, Finnish;
fr, French; hr, Croatian; hu, Hungarian; it, Italian; ja,
Japanese; It, Lithuanian; nl, Dutch; pl, Polish; pt,
Portuguese; ro, Romanian; ru, Russian; sl, Slove-
nian; sv, Swedish

of different languages. It will be interesting to inves-
tigate whether Esperanto was actually less natural
than other natural languages in the beginning yet it
has come to have a characteristics which is similar
to natural languages at present. For example, the
longer MDD of Esperanto in the result of Liu (2011)
may reflect the fact that its text data was Zamenhof
(1907), which was published more than 100 years
ago, while the result of this study is based on the
parallel texts of MdP published in 1990s. This issue
can be addressed by investigating the chronolog-
ical change of Esperanto, based on larger-scale
treebanks of Esperanto, which are not yet available
today. Therefore, we need to construct them for
that purpose along with others. This is one of the
questions to be answered in future research.
Another issue of interest related to Esperanto is
the difference between Esperanto and other con-
structed languages, such as Ido or Interlingua. If it
is found that these are less natural than Esperanto
in terms of the distribution of DDs, then it may serve
as a partial support that Esperanto has come to
be used more widely than these other constructed
languages due to its naturalness. If, on the other
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hand, it is found that they are as natural as other
languages like Esperanto, then it may support the
claim that DDs represent a certain universal char-
acteristics of language as we know it, whether it is
natural or constructed. Again, we need large-scale
corpora of these constructed languages for com-
paring and contrasting them to Esperanto, which is
another question to be addressed in future.

Along with these issues related to Esperanto,
this study collaterally found that some languages
in MdP show significant differences from others.
For example, the distribution of DDs of English is
significantly different from those of Croatian, Dutch,
Finnish, Hungarian, Italian, and Swedish, and the
distribution of DDs of Dutch is significantly different
from those of Catalan, English, Japanese, Polish,
Portuguese, and Romanian. We need to explain
why they are different from others, and that explana-
tion may be applied to Esperanto, thus contributing
to the understanding of why Esperanto is different
from some natural languages as mentioned above.

Overall, this study only focuses on the distribu-
tions of DDs of Esperanto and other natural lan-
guages in a small-scale multi-lingual parallel cor-
pus, and we need to address its limitations, such
that (1) we need to employ other metrics for sen-
tence complexity, and (2) we need larger-scale
multi-lingual parallel corpus. As for (1), there are
several metrics for it, such as the average sen-
tence lengths of languages or the centrality of de-
pendency structures. As for (2), Parallel Universal
Dependencies (PUD) would be a good candidate;
by constructing an Esperanto part of PUD and em-
ploying it for further research, we will deepen our un-
derstanding of the characteristics of this language
which can be both unique and universal, just like
other natural languages.

6. Conclusion

This study attempted to integrate Esperanto into
the research of dependency distance, based on
a small-scale multi-lingual parallel corpus of Mani-
festo de Prago with UD relations, to contribute to
the development of research on Esperanto as a
natural language. The distribution of dependency
distances of Esperanto is not significantly different
from the majority of the 21 languages in the corpus,
thus partially supporting the claim that Esperanto
is no less natural than other natural languages.
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