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Introduction

The added value of diachronic treebanks
for historical linguistics

Hanne Martine Eckhoff, Silvia Luraghi and Marco Passarotti
University of Oxford / University of Pavia /
Catholic University of the Sacred Heart

1. Ancient languages and digital sources

Over the last few decades, the widespread diffusion of digital technology and the
growing ease of transferring information via the Internet have made an enormous
amount of textual data available to scholars. The vastly increased availability of pri-
mary sources has radically changed the everyday life of scholars in the humanities,
who are now able to access, query and process a wealth of empirical evidence in
ways not possible before.

This development also encompasses ancient languages. The first aim in the
eighties and the nineties was to digitize textual data and make them available on
CD-ROM and online. Later, the need for linguistic annotation gave rise to projects
aimed at building corpora enhanced with increasingly complex layers of metalin-
guistic information, such as part-of-speech (PoS) tagging and syntactic annotation,
opening the field to precise queries for particular linguistic phenomena. We are
now at a stage where several of these syntactically annotated corpora, or treebanks,
have reached a mature state, providing representative selections of texts for several
diachronic stages of a given language. These new resources allow for a new approach
to diachronic studies of syntactic phenomena where scholars previously had to
content themselves with empirical work on a much smaller scale.

This volume brings together a set of papers that report research on various
diachronic matters supported by evidence from diachronic treebanks for different
languages, i.e., treebanks that provide data for a language across several historical
stages. We show that diachronic treebanks can provide considerable methodological
advances in terms of greater transparency and better ways of exploiting frequently
problematic source material, thus allowing us to shed new light on vexed topics.

https://doi.org/10.1075/dia.00004.eck
Diachronica 35:3 (2018), 297-309
ISSN 0176-4225 / E-ISSN 1569-9714 © John Benjamins Publishing Company


https://doi.org/10.1075/dia.00004.eck

298 Hanne Martine Eckhoff, Silvia Luraghi and Marco Passarotti

2. What is a treebank?

In linguistics and philology, the term ‘corpus’ has traditionally been used simply
to denote a set of texts used to explore some linguistic phenomena. Many types of
digital text resources are now also referred to as ‘corpora. McEnery et al. (2006)
simply define a corpus as “a body of naturally occurring language”, while Sinclair
(2005) gives a much stricter definition: “a collection of pieces of language text
in electronic form, selected according to external criteria to represent, as far as
possible, a language or language variety as a source of data for linguistic research”
However, not even the strictest definitions have linguistic annotation of any kind
among the criteria. Thus there is a great deal of variation in the amount of work that
has gone into building and processing corpora and in the usefulness of the resource
for linguists researching particular phenomena in a given corpus. A corpus may be
anything from a digitized, machine-readable text collection that only allows queries
for text strings, to a sophisticated, multi-layered text resource with several types of
linguistic markup, queriable by a dedicated query engine. In this issue, we concern
ourselves with one of the most labor-intensive corpus types of all: the treebank.

A treebank is a text corpus with exhaustive syntactic annotation, typically ap-
plied on top of lemmatization, PoS tagging and morphological annotation. Each
of these annotation layers adds to the precision of queries. Lemmatization allows
for queries for all word forms subsumed under a single lemma, eliminating the
need to use regular expressions. Part-of-speech and morphological tags allow for
queries for specific combinations of linguistic features at the word level, without
having to refer to the word form. Syntactic tagging makes it possible to search
for groups of words that are syntactically related, regardless of whether they are
adjacent to each other or not. Since syntactic queries are mostly multi-word que-
ries, and are typically combined with features from other layers, they can quickly
become quite complex and require either a good query engine or that users master
a query language. However, given such facilities, a treebank allows queries of great
precision: if the annotation is good enough, it is possible to make queries almost
entirely free of noise in terms of false positives and false negatives. For example,
in a given language one may find all infinitives with preverbal pronominal direct
objects in a single query.

Although some treebanks are annotated in accordance with the formalism of
a particular syntactic framework, most strive to be relatively theory-neutral. There
are two major groups of annotation schemes: phrase-structure-based schemes
and dependency-based schemes. The first major treebank to be released, the Penn
Treebank (1989-1996; Taylor et al. 2003a), used a (simplified) phrase-structure
scheme, which is continued in the many of the Penn daughter treebanks. Many of
the numerous dependency treebanks are inspired by the groundbreaking Prague
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Dependency Treebank (Bejcek et al. 2013). Existing dependency treebanks employ
a number of different annotation schemes. As a response to this, the Universal
Dependencies! initiative has developed a universal consensus-based scheme and
works to convert as many treebanks as possible into that scheme.

The two main treebank styles are based on two different syntactic notions, both
of which clearly have some psychological reality. Phrase-structure treebanks are
based on the idea that words are organized into groups (constituents) with certain
properties; for example, that an entire constituent can be substituted by a pro-word
and will normally move together. Dependency treebanks, on the other hand, are
based on the idea that every word in a sentence has one and only one syntactic
head. As a brief illustration of the differences between these two main treebank
styles, consider the two syntactic trees below. The tree in Figure 1 is the original
Penn-style analysis of the opening of John 11.47 (American Standard Version; see
Taylor & Pintzuk this volume). The tree in Figure 2 is the same passage analyzed

IP-MAT
T
NP-SBJ PP CONJP-1 VBD NP-OB1
T T
NP CONJP AD\‘/+P CONJ NP gath‘ered D N
/’\ /\
D ADJ] NS *ICI-‘I*— 1 ther‘efore ar‘ld D NPRS Jl cou‘ncil
T}‘w ch‘ief pri‘ests t}‘le Phar‘isees

Figure 1. A Penn-style phrase structure tree

Root
PRED
gathered
ADV COORD OB]J
therefore and council

SUB_CO SUB_CO ATR

priests Pharisees a
ATR ATR ATR
The chief  the

Figure 2. A Prague dependency treebank tree

1. http://universaldependencies.org/
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v

(root]
(adv)
coord
[—m (sub_co) [[—mﬂ' ob

The chief  priests therefore ~ and the  Pharisees gathered a Council

Figure 3. A Prague dependency treebank tree in linear order

in the Prague Dependency Treebank format. Both analyses are given in tree format
for ease of comparison. Figure 3 presents the dependency analysis in linear order.

Here we see that the phrase-structure analysis in the Penn-style tree is fairly flat,
which brings the two analyses closer than they might have been if the Penn scheme
had been binary-branching. The most striking difference in these examples is that
the Penn analysis cannot have crossing branches, and therefore it deals with split
coordination (the topic of Taylor and Pintzuk’s paper) with a trace (the *ICH*-1).
The index of the trace is then picked up again in the CONJP-1, the second part
of the coordination which is represented in its linear place in the sentence. In the
dependency analysis, the fact that the coordination is split is not represented at
all and can only be retrieved by combining the dependency analysis with word
order information stored in a different layer (visualized in Figure 3). However, this
analysis is computationally simpler, since every node in the tree corresponds to a
lexical item.

3. Historical corpora and treebanks

Historical linguistics necessarily relies on corpora. This observation is captured
by the German term Korpussprachen to refer to historical languages. Indeed, with
most historical languages, all we have is a more or less extended corpus of written
texts. This constitutes a limitation (one cannot check if something that is not in the
corpus is not there because it is ungrammatical or through mere accident), but it
also enables linguists working on these languages to base their assumptions on all
attested forms. Extended corpora, even if finite, often exceed the linguist’s ability
to check all occurrences: for this reason, the introduction of digitized corpora has
been a welcome addition to historical linguistics, as indeed in research on spoken
language. Parsed corpora have the further advantage of adding information at var-
ious levels of linguistic analysis through the addition of metadata. Among these,
treebanks have become an increasingly useful resource for the data-driven study
of linguistic structures at various levels (Freddi & Luraghi 2013).
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Diachronic treebanks are closely related to synchronic treebanks, and thus gen-
erally use the same annotation schemes or schemes inspired by these. For example,
there are several diachronic treebanks using the Penn phrase-structure format,
such as the York-Toronto-Helsinki Corpus,? and the Penn Corpora of Historical
English?® for English (Taylor et al. 2003a and b; Kroch & Taylor 2000; Kroch et al.
2004); and the French diachronic treebank “Modéliser le changement: les voies du
francais” (MCVF; Martineau 2008),* all represented in this volume. There are also
several diachronic dependency treebanks. Some of them directly use the Prague
Dependency Treebank format, for example the Perseus Latin and Ancient Greek
Dependency Treebanks® (Bamman & Crane 2011) and the Index Thomisticus
Treebank® (Passarotti 2011). Other diachronic dependency treebanks, such as
the PROIEL family of treebanks (Haug & Johndal 2008; Eckhoff & Berdicevskis
2015; Eckhoft et al. 2018) and the Syntactic Reference Corpus of Medieval French
(SRCMF; Stein & Prévost 2013), have developed annotation schemes of their own,
inspired by more classic schemes, but with modifications intended to increase
expressivity.

Diachronic treebanks also take part in standardization initiatives such as the
Universal Dependencies initiative. For instance, both PROIEL and Perseus have
converted their diachronic Ancient Greek treebanks to Universal Dependencies
format and released them.” These treebanks will enable users to run multilingual
comparative diachronic analyses and will strengthen the essential role that tree-
banks will doubtless increasingly play in the near future, in historical linguistics as
well as in general linguistics.

Nonetheless, diachronic treebanks, like synchronic treebanks for historical/
ancient languages, show a number of peculiar features that make them different
from those for modern languages. These features concern both the building and
the use of such linguistic resources.

With respect to building, diachronic treebanks raise specific issues concerning
the selection, nature and size of the source data. While selectional criteria are a core
issue in the building of synchronic treebanks for modern languages, diachronic

2. http://www-users.york.ac.uk/~lang22/YcoeHomel.htm
3. https://www.ling.upenn.edu/hist-corpora/

4. http://www.voies.uottawa.ca/corpus_pg_en.html

5. https://perseusdl.github.io/treebank_data/

6. http://itreebank.marginalia.it

7. http://universaldependencies.org/treebanks/grc_proiel/index.html, http://universaldepend-
encies.org/treebanks/grc_perseus/index.html
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treebanks are obliged to exploit to the maximum the few texts that remain from the
past. This is an obvious consequence of data availability: while the bulk of available
data for modern languages increases on a daily basis, corpora for ancient languages
are closed, with no (or very few) new additions. Corpora for modern languages
strive to be as representative as possible of a language or of one specific variety of it,
and they rely on a huge amount of - in principle - open-ended material. Diachronic
treebanks, by contrast, tend to include full texts of single authors or, often, all
available texts in order to compensate for the limited size of the available dataset.

Diachronic treebanks are usually smaller than treebanks for modern languages,
but the limited amount of available texts is typically not the only reason. Most
efforts to build diachronic treebanks are quite recent, and the annotation work
is typically more difficult and time-consuming than annotation of texts in mod-
ern languages. Modern treebanks can often balance shallow annotation with the
availability of huge masses of data, as shown by the recent and already widespread
use of deep learning® techniques such as word embedding. ‘Word embedding’ is a
collective name for techniques that aim to quantify and categorize semantic sim-
ilarities between linguistic items on the basis of their co-occurrence patterns in
large datasets, converting their distributional profiles to vectors of numbers. Such
techniques are extremely data-intensive and therefore normally out of reach for
historical texts: there is not enough training data, nor is there enough data to com-
pensate for the noise produced by automatic shallow annotation. To be of value,
the annotation must be manually corrected.

There are also complications of historical treebanks not shared by modern tree-
banks, brought about by editorial issues connected with historical texts. Because of
the way they are collected, texts of treebanks for modern languages do not usually
raise specific editorial issues, as they normally come in a single version. When
dealing with historical texts however, there can be several different versions of the
same text, and choosing the critical edition to record in the corpus is a substantial
part of the selection work, which also concerns the question of whether or not to
include editorial apparatus (such as variants) in diachronic treebanks.

A further difference lies in the nature of the source data. In most cases, texts
included in treebanks for modern languages are digital at the outset, while those
in diachronic treebanks result from digitization processes. Especially when digiti-
zation results from the application of optical character recognition techniques, this
can lead to errors, which need to be found and corrected.

With respect to use, treebanks including historical data differ from those for
modern languages primarily through a different attitude to the texts themselves.

8. https://en.wikipedia.org/wiki/Deep_learning
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Historical treebanks tend to include literary, historical, philosophical or documen-
tary texts. Treebanks for modern languages, on the other hand, are often based
on texts from newspapers. Users of data from modern treebanks are interested in
exploiting such resources to provide empirical evidence either in support of general
tendencies of a language or for different purposes in the area of natural language
processing (such as, for instance, inducing grammars and training stochastic pars-
ers). Users of historical treebanks, on the other hand, are in most cases interested
in the texts themselves. This makes the results of the analyses that are run on such
treebanks more bound to the specific kind of data provided by the resource in
question and, thus, less portable in terms of linguistic generalizations. But such
an interest in the very empirical evidence provided by diachronic treebanks also
increases the value itself of the distinctive features of the texts included there and
supports research focused on specific linguistic aspects in a specific period of time,
which is a major issue in diachronic studies. In this volume, Korkiakangas’ paper
exemplifies work that exploits data from quite peculiar Latin texts (medieval char-
ters), whose results cannot be generalized to the entire Latin language but concern
one of its specific instantiations.

4. Historical treebanks in use

So far only a small number of scholars in historical linguistics use treebanks in their
everyday work, as can be demonstrated, among other things, by the limited num-
ber of papers describing treebank-based research published in this journal. This is
partly due to the still limited availability of representative diachronic treebanks, but
also partly to the fact that many historical linguists are simply not informed about
the very existence of such resources. Treebank providers must therefore increase
awareness of their products. As a matter of fact, several papers in this volume are
authored by scholars presenting research that makes use of treebank data that they
have directly contributed to building, and it is one of the aims of this volume to
foster broader use of treebanks in historical linguistics.

Diachronic treebanks allow data extraction aimed to assess the scope and ef-
fects of diachronic developments, managing a large amount of data and retrieving
information whose relevance can then be evaluated through statistical methods.
In this special issue, we especially emphasize the point made by Haug (2015): the
use of treebanks in historical linguistics allows us to publish research that is truly
replicable.

Publications in historical linguistics that deal with the same topic and use the
same text sources may still reach very different conclusions and report very different
statistics for the phenomenon under scrutiny. As an example, Haug (2015) cites
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word order statistics reported by a number of researchers for the Gospel of Luke and
Acts (which were written by the same author). The statistics differ to an alarming
extent, because the researchers have used different selectional criteria and made
different theoretical assumptions, without necessarily making these criteria and
assumptions explicit. This means that their results are impossible to compare and
replicate. Research on several of the topics covered in this volume also suffers from
such problems, for instance the literature on the rise of po delimitatives discussed
by Eckhoft. Indeed, by extracting her data from the Tromse Old Russian and OCS
Treebank, Eckhoff shows that in the OCS and Old East Slavic data sets, the po de-
limitative is not as marginal as is commonly claimed in the literature.

The use of treebanks can help to remedy this situation in two ways. First, a good
treebank is annotated consistently, using an annotation scheme founded on broad
consensus in the linguistic community, such as the simplified phrase structures in
the Penn annotation scheme or the notion of syntactic dependency in the various
dependency grammar schemes. Such treebanks are not created for the aims of one
specific line of research, and exploiting the empirical evidence provided by such
(publicly available) linguistic resources prevents the vicious circle of creating a
corpus with the specific aim of studying a single linguistic phenomenon (Sinclair
2005). Thus, simply using a good treebank makes a number of underlying theoret-
ical assumptions explicit.

Second, to retrieve data from a treebank requires a clear and explicit query
expression which lists the selectional criteria. Ideally, the query criteria should
therefore be published with the research results, as should the full data set. Any ad-
ditional annotations and classifications that do not come directly from the treebank
should be made explicit in the data set. Online data repositories offering persistent
identifiers are the best way to publish such data sets. We intend this volume to
serve as an example in this respect: all of the papers report the queries that have
been run to collect the empirical evidence used to support the authors’ conclusions,
either in appendices or in online repositories. Several also provide full data sets
and the scripts used to process them. Given that the audience of Diachronica does
not consist of computer scientists and computational linguists, the authors have
also striven to explain the details of their queries (according to the specific query
language they used) and analyses, and to provide readers with the opportunity of
running them themselves.

5. Aims and scope of this volume

This volume presents a series of studies that demonstrate the potential of a num-
ber of mature diachronic treebanks that are now available. For English, we use
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the York-Toronto-Helsinki corpus® and the Penn Corpora of Historical English!?
(Taylor et al. 2003a and b; Kroch & Taylor 2000; Kroch et al. 2004). For French, we
use the MCVF corpus!! (Martineau 2008). For Russian and Old Church Slavonic,
we use the Tromso Old Russian and OCS Treebank!? (Eckhoff & Berdicevskis
2015), as well as PROIEL!® (Haug & Johndal 2008), which is also used for Latin
and Ancient Greek. For Latin, we also use the Late Latin Charter Treebank
(Korkiakangas & Passarotti 2011), which was built along the lines of the Perseus
Latin and Ancient Greek Dependency Treebanks!* (Bamman & Crane 2011) and
the Index Thomisticus Treebank!” for Latin (Passarotti 2011).

Our aim is to demonstrate the multiple ways in which diachronic treebank
data may be used to advance historical linguistics. Treebank data may not only
shed new light on vexed topics in the literature, but may also be the foundation of
considerable methodological advances. Provided that they are built in a way that
takes into consideration both the peculiarities of the text material and the overall
standards in the treebank community, they may provide much-needed transpar-
ency and replicability to studies in historical linguistics. They may also be used to
develop techniques that can to some extent compensate for the inherent problems
of the historical text sources, which tend to be archaic, skewed to certain genres
and often sparse. This volume contains papers that touch on all of these topics.

5.1 Old topics, new methods

The bulk of the papers in this volume exploit the advent of diachronic treebanks
to subject longstanding issues to large-scale data analysis, which was not possible
before these resources became available. For example, Taylor & Pintzuk analyze
split coordination in English. Crucially, PoS-tagged corpora would not suffice to
allow data extraction to the same extent as a treebank does, nor would it collect
a sufficient number of occurrences of the construction studied in this paper. Split
coordination in English is not a construction that can be located automatically in

9. http://www-users.york.ac.uk/~lang22/YcoeHomel.htm
10. https://www.ling.upenn.edu/hist-corpora/

11. http://www.voies.uottawa.ca/corpus_pg_en.html

12. https://nestor.uit.no, http://torottreebank.github.io/

13. https://proiel.github.io/

14. https://perseusdl.github.io/treebank_data/

15. http://itreebank.marginalia.it
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either plain text or even simple PoS-tagged corpora, and both its long period of
attestation and its relative rarity preclude manual searching. The treebank-based
study by Taylor & Pintzuk reveals an interesting result that could not possibly have
been reached without the help of this type of resource: ‘split coordination’ in fact
comprises two different constructions, one of which remained stable over time
while the other was lost in the post-Middle English period.

The volume is not restricted to studies of syntactic change. Eckhoftf demon-
strates how enriched treebank data can be employed in an analysis of an important
semantic-morphological change in Russian: the rise of the po delimitative and its
consequences for the Russian aspect system. The main focus is on the association
between derivational morphology and semantics. To explore this, verbs in the tree-
bank have been enriched with tags indicating their internal structure (prefixation,
stem, suffixation), as well as semantic tags. Thus, information about word-internal
structure and semantics may be combined with the morphological and syntactic
information that is already present in the treebank. The syntactic level makes it
possible to identify potential delimitative contexts. Eckhoff employs all of this data
to reevaluate substantially the chronology of the change.

Diachronic treebanks with good coverage also make large-scale statistical mod-
eling possible. Ponti & Luraghi use treebank data to model a major syntactic shift:
the rise of configurationality in Greek and Latin. Notably, data extraction from
treebanks allows examination of issues that could not easily be addressed based on
PoS-tagged corpora, such as the decline of null anaphora for referential null objects.
This feature was approximated by the absolute frequency of the part-of-speech
tags of the nodes adjacent to verbs. The loss of zero anaphora could be expected
to be related to the skyrocketing rate of (personal) pronouns in that position for
late varieties, which turns out to be the case. This paper is also a good example
of another common feature of the papers mentioned above: the co-existence of
existing historical linguistic questions (and related literature) with methods for
data analysis and evaluation borrowed from other disciplines. For example, to run
network analysis on data in Ancient Greek and Latin, Ponti & Luraghi apply a tool
developed in the field of computational biology, both to build the networks and
to calculate the topological indices used to evaluate their physical properties. The
results are then interpreted linguistically in order to understand the rise of config-
urationality in these languages.

Overall, addressing core linguistic questions, exploiting empirical evidence en-
hanced with metalinguistic information, applying multi-disciplinary techniques of
data analysis and providing replicable results are all distinctive characteristics of
the papers included in this volume.
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5.2 Treebanks, text attestations and methodology

In historical linguistics, the available text sources are a perpetual problem. We are,
as already noted, restricted to what written sources have come down to us, and the
text inventory we are left with is normally skewed, to some extent random, and
often very sparse. The fact that we are restricted to only written sources is itself a
limitation, since even poorly standardized written material tends to be conservative
and does not necessarily reflect ongoing linguistic change. Some genres, such as
religious texts, legal documents and metric poetry, tend to be more archaic than
more narrative genres, often even formulaic. The advent of richly annotated dia-
chronic treebanks provides new ways to handle the challenges posed by the state
of the sources. Two of the papers in this volume make a direct methodological
contribution to this problem by applying treebank data and statistical modeling to
assess the relationship between attested texts and the vernacular.

Simonenko, Crabbé & Prévost address the issue of genre differences, by looking
at the relationship between prose and verse in historical French. There is a long-held
intuition that prose is more progressive than verse in reflecting linguistic change.
Statistically modeling two major syntactic changes in the history of French, the
loss of null subjects and the loss of OV word order, their initial result is that there
appears to be a significant difference between the rates of change in prose and
verse. However, casting their analysis in terms of grammar competition and oper-
ationalizing criteria to identify the competing abstract grammars, the authors are
able to show that the pace of change is the same in prose and verse if one corrects
for metalinguistic factors. Their paper thus demonstrates both the analytic and
methodological advances a large-scale treebank study can offer in combination
with abstract grammatical representations.

Korkiakangas® study of late Latin charters complements Simonenko, Crabbé
& Prévost’s work by using treebank data to assess the relationship between written
text and formulaicity within single texts, rather than between genres. Charters are
legal documents and always contain a considerable amount of formulaic language,
but they also always contain a ‘free’ part in which the case in question is described.
Korkiakangas exploits this difference to measure the likely visibility of various types
of change in the formulaic part of the charters. He selects a number of phenomena
that are commonly considered to be undergoing change in late Latin, measuring the
extent to which they are reflected in the formulaic and free parts. He demonstrates
that a number of innovations are in fact found in both text types and concludes that
only phenomena which are particularly salient, either perceptually or syntactically,
are preserved in their conservative form in the formulaic parts of the charters.
Studies of this kind make it possible to make better use of conservative text genres
in linguistic studies, rather than discarding them altogether.
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6. Conclusions

The papers in this volume demonstrate the current use of diachronic treebanks
in historical linguistics. They offer considerable advances, not only in providing
structured data that allow innovative interpretations of longstanding issues, but also
by opening new methodological avenues. A good treebank annotated according
to the existing standards enables researchers to be explicit about their theoretical
assumptions and selectional criteria, and opens the way for replication. Large-scale
treebank data also allow filtering of problematic data in ways that were not available
to us before.

There is still much work to do in treebanking for ancient languages, and it looks
as though syntactic annotation is just a step on a longer path. Together with build-
ing new treebanks for still under-resourced languages, and enlarging the already
available treebanks, the research community dealing with linguistic resources for
ancient languages is now in the process of enhancing textual corpora with different
layers of semantic and textual information, including semantic role labeling, ellipsis
resolution and coreference analysis. This trend is already being pursued by some
of our authors (e.g. in Eckhoft’s paper), and we hope such efforts will soon impact
the world of diachronic linguistics, supporting research across all linguistic levels.
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