
Cross-linguistic variations in syntactic complexity:

insights from a multilingual parallel corpus
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Goals

Introduce a new resource allowing for the analysis of syntactic complexity measures on
large multilingual data including various genres (the InterCorp parallel corpus)

Present results of the first pilot study conducted on the new corpus

Research questions

1 What are the cross-linguistic differences in syntactic complexity between a set of 12
languages? Do these languages vary also intra-linguistically, in different genres within the
same language? And which factor is more important -– the language, or the genre?

2 What are the linguistic (or other) features lying behind the variation in syntactic
complexity (both intra-linguistically and cross-linguistically)?

3 What are the correlations between the different syntactic complexity measures?

4 An additional technical question: Are the variations also due to divergences in the UD
annotation?

Nádvorńıková & Rosen (Charles University, Prague) Cross-linguistic variations in syntactic complexity ALT XV – Dependency Grammar for typology 4 / 69



Goals

Introduce a new resource allowing for the analysis of syntactic complexity measures on
large multilingual data including various genres (the InterCorp parallel corpus)

Present results of the first pilot study conducted on the new corpus

Research questions

1 What are the cross-linguistic differences in syntactic complexity between a set of 12
languages? Do these languages vary also intra-linguistically, in different genres within the
same language? And which factor is more important -– the language, or the genre?

2 What are the linguistic (or other) features lying behind the variation in syntactic
complexity (both intra-linguistically and cross-linguistically)?

3 What are the correlations between the different syntactic complexity measures?

4 An additional technical question: Are the variations also due to divergences in the UD
annotation?
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Ingredients

1 Reliable set of syntactic complexity measures

2 Large multilingual data

3 with consistent syntactic annotation as a basis for calculating SCMs

−→

InterCorp

InterCorp multilingual corpus v16ud

Annotated according to the Universal Dependencies scheme

with 6 different SCMs for each sentence and text
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Overview

1 InterCorp – a multilingual parallel corpus

2 Measuring syntactic complexity
What is syntactic complexity?
Syntactic complexity measures in InterCorp

3 Results
Languages vs. text types
Metrics in more detail within a single text type
Correlation

4 Conclusion
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InterCorp – a multilingual parallel corpus

InterCorp – a multilingual parallel corpus [https://intercorp.korpus.cz/]

Part of the Czech National Corpus [https://wiki.korpus.cz/]

2008: v0 (first online release)

2024 March: v16ud – fiction with UD-based linguistic
annotation and complexity metrics
[https://wiki.korpus.cz/doku.php/en:cnk:intercorp:verze16ud]

2024 September: v16ud – final release with all text types

Searchable on line at [https://kontext.korpus.cz]

Jumpstart with en-fr: [https://www.korpus.cz/kontext/query?

corpname=intercorp v16ud en&align=intercorp v16ud fr]
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InterCorp – a multilingual parallel corpus

InterCorp – a multilingual parallel corpus [https://intercorp.korpus.cz/]

62 languages, including 49 UD-annotated

5.4 billion words

880 million sentences

2.8 million texts

Every text in Czech and at least one other language

Also as monolingual subcorpora

In most languages: a mix of translated and non-translated texts
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Language family



InterCorp – a multilingual parallel corpus

InterCorp among other corpora
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InterCorp – a multilingual parallel corpus

Universal Dependencies and
syntactic complexity metrics
in InterCorp

The CONLL-U format modified
for a concordancer with a single level of tokenization

▶ pointers to syntactic context (head, function words)
→ additional attributes

▶ contractions (fr: aux, es: hacerlo, en: isn’t)
→ single tokens with multi-valued attributes

SCMs as metadata on each sentence and text
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Measuring syntactic complexity

Overview

1 InterCorp – a multilingual parallel corpus

2 Measuring syntactic complexity
What is syntactic complexity?
Syntactic complexity measures in InterCorp

3 Results
Languages vs. text types
Metrics in more detail within a single text type
Correlation

4 Conclusion
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Measuring syntactic complexity What is syntactic complexity?

Syntactic complexity

Complexity of a system in general:

the number and variety of elements and the elaborateness of their interrelational structure
(Rescher 1998:1, Hübler 2007:10; cited by (Álvarez González et al., 2019))

Syntactic complexity:

Syntactic complexity in language is related to the number, type, and depth of embedding in a
text. Syntactically simple authors use short, single clause sentences and rely more heavily on
coordinated structures [...]. Syntactically complex authors [...] use longer sentences and more
subordinate clauses that reveal more complex structural relationships. (Beaman, 1984;
De Clercq, 2016)

→ Syntactic complexity of a sentence can be determined by:

the number and type of syntactic elements

their hierarchy within the sentence
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Measuring syntactic complexity What is syntactic complexity?

Simplifying complexity

Figuring out syntactic complexity always means simplification :)

Complexity is multi-dimensional (registers!)
→ more metrics should be combined (Biber et al., 2024)

Metrics are specific to genre and language (Biber et al., 2024)

Two types of (syntactic) complexity

1 relative (subjective, cognitive) complexity
– reader-oriented, measuring processing load, readability (difficulty)

2 absolute (structural) complexity
– measurable linguistic features in two approaches:

1 grammatical (system) complexity – linguistic system
2 usage-based complexity (text complexity) – actual language use

(Brunato et al., 2022; Szmrecsanyi & Kortmann, 2012; Miestamo, 2009; Biber et al., 2023; De Clercq, 2016)
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Measuring syntactic complexity What is syntactic complexity?

What can be done with syntactic complexity
Language development (Givón 2009:4)
Monolingual studies (Mačutek, Čech & Milička 2019; Hudelot 198; (Biber et al., 2023))
Translation studies: Izquierdo & Marco (2000), Canavese & Mori (2021); comparable or
parallel corpora (translation universals – simplification, normalisation, etc.)
Contrastive studies: clause-linking (Lehmann, 1988), clause-combining (Cosme 2006,
etc.), information packaging (Solfjeld 1996, Fabricius-Hansen 1999), UD shared task
(Berdicevskis et al., 2018), etc.
Register variation: spoken/written (Beaman, 1984) etc., academic: (Biber & Gray,
2016), etc.
Typology: Levshina (2019), (Levshina, 2021) – Leipzig Corpora Collection (comparable,
UD)
Readability: Kincaid et al. 1975, Dell’Orletta et al. 2011, Gruszczyński & Ogrodniczuk
2015 (Jasnopis).
Language acquisition, proficiency assessment (L1 et L2), (Lu, 2010; Jagaiah et al.,
2020) etc.
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Measuring syntactic complexity What is syntactic complexity?

Many different metrics of syntactic complexity

47 different metrics proposed
during the last 30 years in 130 studies
(Jagaiah et al., 2020)

Linguistic Profiling – a web-based tool:
100 items, most of them related to syntax
(Brunato et al., 2020)

8 morphological and 7 syntactic complexity metrics
used during the first shared task on measuring linguistic complexity
(Berdicevskis et al., 2018; Xu & Li, 2021; Biber et al., 2023)
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Measuring syntactic complexity Syntactic complexity measures in InterCorp
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

Our choice of SCMs

... is a compromise to satisfy various users, driven mainly by the goal to annotate the corpus

“Manning’s Law for SCM”

SCMs in a multilingual corpus should be:

Implementable via uniform annotation
(UD)

Reliable and comparable across
languages and text types

Well-known and established
(to reproduce and compare with existing
results)

Dimension Noun phrase Sentence

Horizontal maxNPLength sLength

Vertical maxNPDepth
subRatio
maxTreeDepth

Combined mdd

Implemented as metadata

for each sentence

for each text (as weighted averages)
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

SCMs in the corpus search interface
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

Nominal depth and width

VERB

NOUN
NPdepth=0

DET
maxNPdepth=1

the child reads

NOUN

DET

a book

MaxNPDepth

Maximum no. of embeddings in any NP

MaxNPLength

No. of words in the longest NP

What counts as an NP

Subtree with NOUN, PNOM, PRON as
the head

Every conjunct separately

Ignore punctuation

Nominal predicate? Ignore subject,
copula, adverbials

Nádvorńıková & Rosen (Charles University, Prague) Cross-linguistic variations in syntactic complexity ALT XV – Dependency Grammar for typology22 / 69



Measuring syntactic complexity Syntactic complexity measures in InterCorp

Clausal depth and width

VERB root
TreeDepth=0

NOUN

PRON

my dog

ADV

also likes

VERB xcomp
maxTreeDepth=1

eating

NOUN

sausage

MaxTreeDepth

Max. no. of clausal embeddings,
skipping coordination

sLength

No. of words, ignoring punctuation

What counts as a clause

csubj – subject clause

ccomp – complement clause

xcomp – open predicate
(predicative complement)

advcl – adverbial clause

acl – attribute clause
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

Clausal depth: subordination ratio

VERB root

PROPN

Garfield likes

VERB xcomp

eating

VERB conj

CCONJ

and grunts

subRatio
no. of T−units + no. of clauses

no. of T−units

T-unit: main clause (conjunct)
including all dependents

(Hunt, 1965)

T-units = 2

clauses = 3

subRatio = 2+3
2 = 2.5
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

Mean Dependency Distance

VERB

NOUN

PRON

my211 dog422

ADV

also431 likes040

VERB

eating451

NOUN

sausage561

MDD

Average head-daughter distance

Punctuation is ignored

mdd = Σi=0...n |IDi–headi |
(n–1)

mdd = 6
5 = 1.2

(Yan & Li, 2019; Mačutek et al., 2021; Alemany-Puig & Ferrer-i Cancho, 2024; Futrell et al.,
2020)
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Measuring syntactic complexity Syntactic complexity measures in InterCorp

Metrics for texts in InterCorp [https://wiki.korpus.cz/doku.php/en:cnk:intercorp:verze16ud#detailed statistics]
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Nádvorńıková & Rosen (Charles University, Prague) Cross-linguistic variations in syntactic complexity ALT XV – Dependency Grammar for typology27 / 69



Results

Text types, samples

Number Thousands
Text type of texts of words

Fiction 5 879 473 208
Misc 226 7 853
Nonfiction 350 29 450
Acquis 380 049 424 874
Bible 1 252 12 050
Europarl 1 369 378 276 543
PressEurop 69 894 26 964
Subtitles 965 557 3 970 273
Syndicate 39 158 35 385

TOTAL 2 831 743 5 256 601

Sample ID 12x6 12xF 12xAll 49xAll

Languages 12 12 12 49
Text types fiction fiction all all
Texts (cs) 6 1 629 164 th. 164 th.
Texts (all) 72 4 133 1 197 th. 2 796 th.
M words (cs) 0.4 114 397 397
M words (all) 6.8 333 2 427 5 132
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Results Languages vs. text types
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Results Languages vs. text types

Czech only, sLength
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Results Languages vs. text types

English only, maxNPLength
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Results Languages vs. text types

Larger differences across text types or languages?

Text types (8) Languages (12)
SCM Effect size η2 Evaluation Effect size η2 Evaluation

subRatio 0.23 High 0.12 Medium
maxTreeDepth 0.08 Low 0.15 High
sLength 0.18 High 0.10 Medium
mdd 0.16 High 0.08 Low
maxNPLength 0.14 High 0.09 Low
maxNPDepth 0.08 Low 0.13 Medium

Average 0.14 High 0.11 Medium
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Results Metrics in more detail within a single text type
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Results Metrics in more detail within a single text type

Data in this subsection

Statistics about texts in 12 languages

Text type: fiction

Extent: all available texts (about 5900)

Metrics: sLength and subRatio
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Results Metrics in more detail within a single text type

sLength
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Results Metrics in more detail within a single text type

sLength
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Results Metrics in more detail within a single text type

sLength values for a sample sentence in a few languages

(1) a. Šestá planeta byla desetkrát věťśı. (cs, 5)

b. Kuudes kiertotähti oli kymmenen kertaa suurempi. (fi, 6)

c. La sixième planète était une planète dix fois plus vaste. (FR, 10)

d. The sixth planet was ten times larger than the last one. (en, 11)

e. roku ban me no wakusei wa mae no hoshi no 10 bai mo ōki kat ta (ja, 16)
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Results Metrics in more detail within a single text type

sLength, Fiction + Bible

[https://jakobson.korpus.cz/∼rosen/public/COMPLEXITY/sLength scatter.html]
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Results Metrics in more detail within a single text type

SCMs for the Bible in various languages

lang sLength subRatio maxTreeDepth maxNPLength maxNPDepth mdd

cs 11.907 1.603 0.635 4.125 1.590 2.451
de 15.637 1.648 0.657 5.263 1.737 2.998
en 17.458 2.166 1.051 6.271 2.125 2.608
fi 13.324 1.911 0.871 4.231 1.534 2.511
fr 17.822 2.060 0.893 6.743 2.171 2.758
hr 12.989 1.855 0.773 4.359 1.599 2.504
it 16.561 1.969 0.881 6.739 2.168 2.723
no 13.099 1.573 0.620 4.645 1.713 2.447
pl 12.695 1.724 0.727 4.479 1.725 2.397
ru 20.730 2.746 1.302 6.198 2.121 2.828
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Results Metrics in more detail within a single text type

subRatio
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subRatio





Results Metrics in more detail within a single text type

subRatio, Fiction + Bible

[https://jakobson.korpus.cz/∼rosen/public/COMPLEXITY/subRatio scatter.html]
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SCM correlation on 6 texts in 12 languages (for texts, not sentences)

r=0.963

r=0.972

r=0.473



SCM correlation matrix on 6x12
SCM subRatio sLength maxTreeDepth maxNPDepth maxNPLength mdd Correlation

subRatio 1 0.860 0.963 0.828 0.864 0.562 Pearson
sLength 0.860 1 0.841 0.823 0.896 0.834 Pearson
maxTreeDepth 0.963 0.841 1 0.845 0.857 0.500 Pearson
maxNPDepth 0.828 0.823 0.845 1 0.972 0.473 Pearson
maxNPLength 0.864 0.896 0.857 0.972 1 0.599 Pearson
mdd 0.562 0.834 0.500 0.473 0.599 1 Pearson

subRatio 1 0.851 0.974 0.766 0.794 0.649 Spearman
sLength 0.851 1 0.847 0.851 0.911 0.882 Spearman
maxTreeDepth 0.974 0.847 1 0.758 0.768 0.630 Spearman
maxNPDepth 0.766 0.851 0.758 1 0.970 0.638 Spearman
maxNPLength 0.794 0.911 0.768 0.970 1 0.759 Spearman
mdd 0.649 0.882 0.630 0.638 0.759 1 Spearman

subRatio 1 0.673 0.883 0.583 0.612 0.476 Kendall
sLength 0.673 1 0.669 0.669 0.753 0.720 Kendall
maxTreeDepth 0.883 0.669 1 0.577 0.585 0.468 Kendall
maxNPDepth 0.583 0.669 0.577 1 0.861 0.458 Kendall
maxNPLength 0.612 0.753 0.585 0.861 1 0.571 Kendall
mdd 0.476 0.720 0.468 0.458 0.571 1 Kendall



Results Correlation

Correlations and PCA

The sample:

12 languages

6 texts (super-parallel)

Fiction

10,000 random sentences

Log transformed
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Pattern 1: clausal vs. NP measures
Spanish

German

Polish



Pattern 2: MDD vs. NP measures
Japanese

Finnish

Spanish



Chinese

Tamil

Hungarian fiction

Hungarian Subtitles
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Conclusion

Goal 1: New multingual resource

The new version of the InterCorp multilingual corpus (16ud) allows for the analysis of
6 syntactic complexity measures both cross-linguistically and intra-linguistically (across text
types), on 49 languages annotated by Universal Dependencies.
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Conclusion

Goal 2: Pilot study of the syntactic complexity in InterCorp (12 languages)

RQ1 – Both language and text type influence the syntactic complexity of texts and
sentences, but text type shows a larger effect size than language (in our sample). This
highlights the importance of distinguishing text types in cross-linguistic analyses.

RQ2 – Within fiction, languages cluster differently according to different SCMs (sLength
and subRatio). The differences are given by structural variations between languages,
but also – in Japanese – partly by the specifics of the UD annotation (tokenization). In
fiction, languages show high degree of variation, due to the stylistic diversity of the
analyzed texts.

RQ3 – In our sample, a strong correlation was observed between the two NP measures
(maxNPDepth and maxNPLength) and between the two clausal measures
(maxTreeDepth and subRatio). Most of the languages of the sample show a similar PCA
pattern, but in other languages, patterns vary both cross-linguistically and
intra-linguistically (text type variation).
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The End
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Czech only, maxNPLength
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English only, sLength
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Fiction vs. non-fiction in maxNPDepth

Cohen’s d = 3.95

Only fiction
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maxNPDepth – French-German example

(2) Les enfants vivent dans un environnement visuel beaucoup plus riche que jadis, ce qui
contribue à développer leur aptitude à trouver une solution aux types d’exercices
visuels en vigueur dans les tests d’ intelligence. (fr, 10)

(3) Kinder erleben heute ein viel reichhaltigeres visuelles Umfeld als früher, und deshalb
trainieren sie die Fähigkeit zur Lösung visueller Aufgaben, wie sie in IQ-Tests
vorherrschen. (de, 3)

(4) Children experience a much richer visual environment than once they did , which helps
develop their skills in visual puzzles of the kind that dominate IQ tests.

(Matt Ridley: Genome, en, 7)
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Conclusion

Complexity in a wider context

syntactic complexity (Ferreira, 1991; Givón, 1991; Szmrecsanyi, 2004),
complexité syntaxique (De Clercq, 2016)

cognitive complexity (Mondorf, 2003; Givón, 1991; Rohdenburg, 1996)

clause complexity (Kuboň: 2001)

linguistic complexity (Schleppegrell: 1992)

structural complexity (Givón: 1991; Arnold et al.: 2000)

grammatical / syntactic weight (Wasow: 1997; Wasow and Arnold: 2003)

information density (Fabricius-Hansen 1999)
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All SCMs, averaged normalized (12 languages, all text types)
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