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Abstract: Linguistic typology stands to gain significantly from advances in the
use of extremely large datasets. However, our ability to secure these gains will
depend on the availability of machine-readable data that is precise and com-
parable. Here we identify the challenges and opportunities ahead, relating to
the quality, longevity, and (re-)usability of linguistic data in typology. Then
in response, we introduce the DeAR principles (Decentralized, Automatically
verified, Revisable), designed to guide and assist researchers to create diverse,
high-resolution and robust datasets. We demonstrate the DeAR principles
in action through the example of Paralex, a data standard (i.e., set of sci-
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entific conventions) developed collaboratively for lexicons of morphologically
inflected forms. Our proposals aim to foster a more resilient and equitable
infrastructure for the future of linguistic research.

1 Introduction

Linguistic typology is an inherently comparative endeavour. Its success largely
hinges upon documenting a rich sample of the world’s languages, collected as
high quality data that is both reliable and accessible. Moreover, as new results
in typology are increasingly derived with the aid of quantitative methods, the
availability of datasets that are machine-readable becomes correspondingly
indispensable and integral to successfully testing statistical relationships, re-
vealing fine-grained patterns of variation, and crafting an ever-clearer picture
of typological distributions. However, in our field we are confronted by signif-
icant challenges, both in creating these mission-critical datasets, and, as we
wish to emphasize here, preserving them. As a consequence of the relentless
obsolescence of digital technologies and the impermanence of our institutions,
digital datasets, which have been created laboriously over recent decades, face
the acute risk of becoming inaccessible and even lost.

Some of these issues demand attention at a collective level. For example,
data creators face a range of challenges which simply cannot be solved indi-
vidually, but which require collaborative resolution. Moreover, notwithstand-
ing invaluable efforts to develop guiding principles such as ‘good practices’
(Wilkinson et al. 2016, Carroll et al. 2020) and systems of shared conventions,
often termed ‘standardization’ (see for example Forkel et al. 2018), it remains
difficult for many, if not most, present-day linguists to marshal the technical
expertise required to carry out the necessary data management, or at times
even simply to discover and use existing datasets in their research.

In this article, we identify and analyse some recurrent, real-world issues
that we as linguists collectively face in the compilation, publication, (re-)use
and preservation of datasets that can be used for typological research (Sec-
tion 2). That examination of linguistic practice leads us to a discussion of
existing data management principles (Section 3), motivating the introduction
of the novel DeAR principles (Section 4), which leads us to concrete, practica-
ble solutions (Section 5). To exemplify these principles in action, we present
Paralex (Section 6), a set of conventions—i.e., a ‘standard’—for the creation,
use, communication and preservation of linguistic datasets that describe lexi-
cons of morphologically inflected word forms. Embodying the DeAR principles,
the Paralex standard has resulted from a sustained international collaboration
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between morphologists as we sought to address these issues of coordinated sci-
entific action tied to typologically wide-ranging linguistic data. We conclude
by summarizing our main observations and suggestions and offering some spec-
ulations about future directions.

2 Problems inherent to typological datasets

We start by identifying five kinds of problems that accompany the use and
production of datasets in typology: the scope of their coverage (Section 2.1),
the commensurability of data comparisons (Section 2.2), the internal consis-
tency of the formats and structures of the data representations (Section 2.3),
the challenge of developing durable datasets (Section 2.4), and the technical
skills demanded for the creation and use of datasets (Section 2.5).

2.1 Problems of coverage

Typological datasets come in various forms: structural linguistic feature sets,
such as the World Atlas of Language Structures (WALS, Dryer & Haspel-
math 2013) and Grambank (Skirgård et al. 2023); both raw and annotated
machine-readable corpora, such as the Universal Dependencies corpora (Nivre
et al. 2020); and lexical datasets, including the comparative word lists widely
used in historical linguistics (Swadesh 1952, List et al. 2022, 2023) as well as
large-scale, more intricately structured compilations, annotated with words’
properties and their interrelationships (see Zeller, Šnajder & Padó 2013 for
German; Vidra et al. 2019 for Czech; Namer et al. 2023 for French). The
novel standard format, Paralex, which we introduce in section 6, is designed
to be used for the release of datasets of this last type; it provides conventions
for documenting morphological lexicons of inflected word forms.

Structural feature sets like WALS and Grambank lend themselves well
to global-scale surveying and hypothesis testing of universals and statistical
relationships among structural phenomena in the world’s languages at large.
However, the features they can address are restricted both in number (195
in Grambank) and in their degree of detail, which places an upper bound
on their utility for fine-grained comparisons. Corpora and large-scale lexical
datasets on the other hand offer a more fine-grained view of the data, but
with a diminished and skewed typological coverage. As Elsner & Beniamine
(2024: p. 3) observe, “The more information is needed, the more the analyst
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must fall back on scarcer resources which tend to push towards a familiar
set of well-resourced European languages” (see also Casillas et al. 2025). For
example, European languages still account for most of the data covered in the
Universal Dependency datasets (Nivre et al. 2020). Languages of the Americas,
Africa, Oceania and South-Eastern Asia are heavily under-represented, even
though these are areas with high linguistic diversity.

This tension between level of detail and cross-linguistic coverage of data
is a well-known problem in typology. Resolving it will require sustained, large-
scale scientific cooperation, and so it is worth asking how that cooperation
can be supported. One step forward will be to ensure that our datasets are
visibly disseminated, readily usable, and mutually compatible for comparative
purposes. That in turn can be supported by well-designed conventions for data
sharing and formatting.

2.2 Problems of commensurability

Most linguistic data do not reflect simple objective observations, but rather are
the product of analysis. Words transcribed phonemically in the International
Phonetic Alphabet (IPA), for example, depend on a cascade of choices and de-
cisions made by the analyst about the nature of the phonological system and
wordhood in the language (Chao 1934, Mosteiro Romero & Blasi 2025, Round
2023, Anderson et al. 2023, Tallman & Auderset 2023). Even for an analytical
device as widely used as morphemic segmentation, there is still little consen-
sus on a ‘correct’ or ‘best’ way to carry it out (Spencer 2012, Beniamine &
Guzmán Naranjo 2021, Carroll & Beniamine 2025). These facts about anal-
ysis lead to a familiar dilemma when typological datasets are compiled from
multiple sources. On the one hand, the sources are written by experts who
have typically devoted years of consideration to their analysis, so it seems only
reasonable to defer to their expertise. On the other hand, linguists working
in different traditions, guided by different priorities and theoretical concep-
tions, are unlikely to have converged on the same set of choices that underpin,
and then shape, their analyses. Finding solutions to issues of comparability
between sources remains a central challenge for linguistic typology at large.
Indeed, comparability and reproducibility are issues that face linguists more
generally (Schweinberger & Haugh 2025) and the scientific community as a
whole (Baker 2016).

Additionally, incommensurability can arise as information from sources
is re-presented in a secondary dataset. Distinctions made in sources might
be neutralized, while diversity in the degree of clarity and (un)certainty ex-
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pressed in sources might be homogenized. For machine-readable datasets,
it is important to implement practical solutions to manage and reduce the
incommensurability arising from dataset compilation.

2.3 Problems of consistent presentation

When humans read datasets, they bring to the task a remarkable flexibility
and resourcefulness. Experts in any scholarly domain are able to mentally
repair inconsistencies within and across datasets by drawing on contextual
information and background knowledge. Computers, by contrast, typically
demand a high degree of systematicity and precision while being heedless to
anything not stated literally.

As an illustration of the problems this can cause, take the original Oxford
Romance Database (Maiden 2010). This dataset documents verbal paradigms
for 73 Romance varieties, annotated for cognacy at the level of both lexemes
and paradigm cells. Within the database, Romance verbs are coded for their
corresponding main verbal Latin inflection classes. In the original database,
this information was mainly indexed in the form of Roman numerals (I to
IV), but occasionally Arabic numerals or full words were used, and various
further conventions indicated irregular entries. Although these variations do
not hinder human understanding, they inhibit full machine readability, as by
default computers would take “third”, “3”, ”3rd”, and “III” to be distinct val-
ues, to the detriment of analyses that rely on them. For the Oxford Romance
Database, fixing these issues involved both semi-automated and manual re-
pairs (Beniamine, Maiden & Round 2019). However, the good news is that
methods exist for minimizing such problems in the first place, by using auto-
mated tools and guidelines during the construction of datasets, as we discuss
in sections below.
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2.4 Problems of dataset durability

In the brief period since computerized resources have existed, data has al-
ready begun to be lost.1 We often share data through websites,2 which serve
as user interfaces designed for browsing. These may also offer some amount
of data visualization or an interface for queries. In many cases, however, it is
not possible to download the full underlying data. Because websites are often
created by contracted external web developers towards the conclusion of re-
search projects, there is typically limited or no funding beyond the term of the
project to maintain the site and an absence of designated responsibility for
ensuring the security and long term survival of the data (Windhouwer & Dim-
itriadis 2008). Moreover, if there is a way for the researchers to update data,
these updates often become buggy as the software ages and is not adequately
maintained.

As an illustration, we take again the case of the Oxford Romance Database
(Maiden 2010). Ten years after its creation, the data persisted solely in the
site’s database, which had ceased to be maintained. The institutional knowl-
edge and access to its backend had been forgotten, and the data itself was
therefore in jeopardy of being lost. Concerted conservation work was neces-
sary to save it, involving scraping the website’s data, which was then reorga-
nized, augmented and standardized to Cross-Linguistic Data Formats (CLDF,
Forkel et al. 2018). The revised and more durable Romance Verbal Inflection
Dataset 2.0 (Beniamine, Maiden & Round 2019) has been released openly.

As a matter of good science, it is imperative to secure the long-term
preservation of data. The CLDF standard (Forkel et al. 2018) provides a posi-
tive example of the road forward: both novel and retro-standardized datasets
are typically provided as full raw data. Visually appealing showcase websites
are then generated automatically by a generic toolkit (clld, Forkel, Bank &
Rzymski 2019). Dataset changes are recorded using software which tracks the
history of the project. Successive published versions are stored on an archival
site (e.g. Zenodo, see for example Lexibank, List et al. 2022).

1 One example is that of the Surrey Morphological Complexity Database, released in
2015 as a Flash web application. Flash support was dropped from all major browsers by
2021, making the data entirely unavailable. Significant work was necessary to rescue the
underlying data, now available at http://dx.doi.org/10.15126/SMG.23/1
2 By an unfortunate lexical shift, the academic community misleadingly refers to these
showcase websites as databases. This has led to confusion between actual data and its
visual rendition (the website). The confusion is increased by the fact that most websites’
back-end rely on actual databases stored on the sites’ servers, but distinct from the re-
searcher’s data.

http://dx.doi.org/10.15126/SMG.23/1
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2.5 Problems of access to technical skills

Producing machine-readable data, publishing it in sustainable ways, ensuring
a high degree of coherence across datasets: these goals are essential for the
future of linguistic typology. However, while much of linguistics today com-
bines qualitative and quantitative approaches, the achievement of these goals
hinges on technical skills that may often not be taught as part of linguistics
degrees. In some institutions, research engineers exist who can assist linguis-
tic researchers with technical choices and infrastructure, but this is not a
given. Since it is unrealistic to expect all linguists to be trained in the relevant
skills, there is significant value in making the tasks of data management more
accessible and linguist-friendly.

3 Principles for improved research

Linguistics is not the only discipline faced with problems such as those de-
scribed in Section 1, and we are certainly not the first to consider them
(Berez-Kroeker et al. 2022). This enables us to benefit from progress that
has already been made. In this section, we mention existing initiatives which
provide a pathway to solutions for linguistic typology.

3.1 Open data

Open research is a framework for making research data, methodology and
findings freely available, via an Open source legal license.3 It facilitates the
dissemination and replication of results, and re-use of research data, while
retaining sensitivity to ethical and privacy concerns and other legal restrictions.
Open-source licenses can be applied to data, leading to Open Data.

Two Open Research conditions provide support for better citation prac-
tices and the enhanced traceability of research data (Bird & Simons 2003).
Attribution (BY) places a legal obligation on re-use, to give credit to the orig-
inal resource creators. Share-alike (SA) ensures that innovations derived from
the original resource must be shared under the same terms as the original.

3 See the Open Source Software initiative, https://opensource.org/

https://opensource.org/
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3.2 FAIR principles

A major bottleneck of linguistic research is the workload involved in collating
data from disparate and hard-to-find sources. The FAIR principles (Wilkin-
son et al. 2016) are intended to decrease bottlenecks of this kind. The four
principles are that data should be:
– Findable: Data can only be of use if it can be found by its users.
– Accessible: Data are only of use if they are accessible by users.
– Interoperable: Data are interoperable if they use the same conventions

and may be combined to increase their breadth or depth.
– Reusable: Data are most useful when they can be re-used to support

novel research, beyond the creators’ own usage and initial motivations for
collecting it.

3.3 CARE principles

Shifting from a focus on data users, the CARE Principles for Indigenous Data
Governance (Carroll et al. 2020) focus on the interests of language communi-
ties whose languages are described in the datasets. They call for:
– Collective Benefit: Data ecosystems shall be designed and function in

ways that enable Indigenous Peoples to derive benefit from the data.
– Authority to Control: Indigenous people must have control over how

data are shared and how their culture is represented and identified.
– Responsibility: Data creators must be accountable for how the data are

used.
– Ethics: Indigenous Peoples’ rights and wellbeing should be the primary

concern at all stages of the data life cycle and across the data ecosystem.

The CARE principles can drive us to ensure that datasets are maximally ben-
eficial not only to researchers but to the participating language communities.

3.4 Linked data

Linked Data (Berners-Lee 2006, Heath & Bizer 2011) achieves interoperability
and reusability by extending the infrastructure of the World Wide Web. The
core idea is to interlink not only web documents, but also databases and even
individual data points.
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3.5 Principles arising from linguistic database efforts

Two sets of principles which arose in the context of linguistic database elab-
oration and standardization are those of AUTOTYP (Bickel, Balthasar 2002,
Witzlack-Makarevich et al. 2022) and CLDF (Forkel et al. 2018). The AU-
TOTYP principles of modularity and connectivity call for information to be
distributed across files and linked together using identifiers, that is, unique
names which allow us to refer to datasets and data points unambiguously.
The CLDF standard is based on four design principles. Three of these focus
on data interoperability, longevity and reusability: where possible, entities
should be referenced using established identifiers; data should be encoded as
UTF-8 text files; compatibility with existing tools, standards, and practice
should be kept in mind.

Above, we saw that CARE principles target the needs of language com-
munities. Open data, FAIR principles, Linked Data, and the three CLDF
principles just mentioned target the needs of data users. A fourth CLDF prin-
ciple is notable in its intent to benefit linguists as data creators: data should
be editable manually and via software that the typical linguist can learn to
use correctly. Facilitating data creation and maintenance by researchers is a
crucial matter, and it is the motivation behind a new set of principles which
we introduce next.

4 Introducing the DeAR principles

Beyond users and speakers, language data also need to be planned in ways that
facilitate the work of the researchers who produce and maintain them. Thus,
we introduce the DeAR principles: Decentralized, Automatically verified, and
Revisable. These build on the principles introduced already.

4.1 Decentralized

When faced with the challenge of creating a large number of datasets in a
standardized form, one attractive possibility is for a single, large team with
ample funding to consolidate large amounts of data in a single database. This
process has proven useful and efficient (see Rzymski et al. 2020, List et al.
2022 as examples). However, initiatives of this type demand funding at a scale
which is difficult to secure, and when secured, difficult to maintain beyond the
term of the project. Another risk of this centralized strategy is for choices to
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be made to fit a specific project or theoretical orientation, reducing reusability
for other purposes and different perspectives.

The alternative is to coordinate a pragmatic, decentralized approach to
dataset elaboration (adopted, for example, by the Universal Dependencies
project, Nivre et al. 2016, 2020). In addition to distributing demands over
multiple research groups, this approach ensures that responsibilities for long-
term maintenance are distributed as well, as distinct creators are in charge of
each dataset. Within a decentralized approach, each dataset can be made by
domain experts, which enhances the scientific community’s confidence in the
data quality. Moreover, the decentralized publication of datasets makes each
contribution prominent on its own, which facilitates recognition for indepen-
dent data creators.

Of course, this strategy presents its own demands: in lieu of a central au-
thority prioritizing data creation and directing analytical and coding choices,
there is a need for collective agreement on sets of conventions (standards)
imbued with sufficient flexibility to serve the entire field while providing suf-
ficient constraints to make data interoperable. We suggest that this need for
collective effort is in fact a central reason why the resulting decentralized
strategy to dataset creation is currently the most promising framework for
typological data organization and use.

4.2 Automatically verified

Problems of maintaining data consistency (Section 2.3) might, at first glance,
appear only to be magnified in the decentralized approach to dataset elabo-
ration, as consistency needs to be maintained across many projects, partici-
pants and iterative updates. However, a simple technical solution exists, in
the form of automated verifications. Given a specific set of expectations about
the contents of a dataset, including expectations that follow from the use of
a standard, it is possible to check automatically whether these expectations
are upheld. This process is called validation. For instance, if a dataset con-
tains vernacular words from a specific language, and a statement is provided
about the permissible phonemes in the language, then automated checks can
be run upon every update, generating an alert that locates any unexpected
symbols. If the dataset adheres to a standard that establishes Unicode con-
ventions to be used for IPA symbols (e.g. the Cross-Linguistic Transcription
Systems (CLTS) standard, Anderson et al. 2018), then a suite of checks as-
sociated with the standard can be triggered automatically. (See Section 5.1
for methods of stating these expectations about data, using metadata.) The
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strategy of validation can be applied to data points of any kind in linguistic
datasets, including syntactic structures, ISO or glottocodes, and Linked Data
(Section 3.4) identifiers.

Automatic validation tools, created by more technically proficient mem-
bers of the community, can be made accessible to less-technical users. This
serves the needs of data creators by facilitating the curation of high-quality
datasets (e.g. CLDFbench, Forkel & List 2020). We describe our successful
use of this approach in Section 6.

4.3 Revisable

Linguistic datasets occasionally require updating, whether due to improve-
ments in knowledge, the creation of an expanded version, or for the correction
of inadvertent errors. This is the problem of revisability (see also CLDF’s
principle H (Forkel et al. 2018)). It can be resolved by creating datasets in
standardized formats, and then publishing them not as locked websites (see
Section 2.4), but with tools that automatically generate user-friendly views
of the data, for instance webpages or PDF documents. These views can then
be re-generated at will from the standardized data, making it simple to revise
data incrementally and ensure that the published version is up-to-date.

5 Solutions to our data problems

How can the principles introduced in Sections 3 and 4 be developed in order to
address the data problems identified in Section 2? For a maximally practicable
pathway to applying these principles to data problems facing typology, we
envision an approach, similar to CLDF (Forkel et al. 2018), that relies on the
use of metadata (Section 5.1), standardization (Section 5.2), normalization
(Section 5.3) and continuous development (Section 5.4).

5.1 Metadata

Metadata are any information about a dataset that are not directly part of
the data but whose purpose is to facilitate the interpretation of the data. A
distinction can be drawn between descriptive and administrative metadata on
the one hand, and structural metadata on the other hand.
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Descriptive and administrative metadata relate to entire datasets. They
include the identity of the authors (forename, last name, institution, identifiers
such as ORCID, etc.), the title and description of the dataset, how it should
be cited, the list of its sources or of related datasets, its persistent identifier
(DOI), the licence under which it is shared, relevant keywords, as well as
version numbers. These facilitate search queries and so contribute to dataset
accessibility. Archival repositories, such as Zenodo,4 Open Science Framework
(OSF)5 or the Endangered Language Archive (ELAR)6 either collect this kind
of metadata through online forms (Zenodo and OSF) or require users to upload
them in a specific format (ELAR). The information is then stored within
the archival platform, displayed in a human-friendly format, and queryable
automatically.

Structural metadata describe the component parts of the dataset, the re-
lationships among them, and their possible contents, formats and significance.
For example, assuming a dataset made of a few tables of data (where a ‘table’
is a spreadsheet-like subset of data organized in rows and columns), one could
ask questions such as:
– What tables are present in the dataset?
– How are they written to disk?
– What does each represent?
– What are the relations between tables?
– What columns are present in each of the tables?
– What do these columns mean?
– What content is expected in each column (e.g. numbers, text in a specific

script, true/false values encoded as 1s and 0s, missing data encoded as
blanks)?

– Which columns serve as identifiers?

These are questions which humans can be good at answering just from inspec-
tion, based on expert knowledge and experience, though they might hesitate
on some of the details. Computers, however, need this information spelt out
explicitly. Structural metadata perform that function.

Standards already exist for writing metadata formally. A widely-used ex-
ample is the Frictionless standard (Fowler, Barratt & Walsh 2018), which
arranges metadata into attribute-value matrices, expressed in the JSON data

4 https://zenodo.org/
5 https://osf.io/
6 https://www.elararchive.org/

https://zenodo.org/
https://osf.io/
https://www.elararchive.org/
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format. Figure 1 shows an excerpt of the descriptive metadata from the Lat-
InfLexi dataset (Pellegrini & Passarotti 2018), in frictionless compliant JSON.
Figure 2 shows an excerpt of the structural metadata for the same dataset,
describing a column of a sounds table which codes the distinctive feature
±consonantal.

1 {
2 "name": "latinflexi",
3 "title": "LatInfLexi",
4 "licenses": [
5 {
6 "name": "CC BY-SA 4.0",
7 "title": "Creative Commons Attribution-
8 ShareAlike 4.0 International",
9 "path": "https://creativecommons.org/licenses/by-sa/4.0/"

10 }
11 ],
12 "contributors": [
13 {
14 "title": "Matteo Pellegrini",
15 "role": "author",
16 "organization": "Università Cattolica del Sacro Cuore"
17 }
18 ]
19 }

Fig. 1: Excerpt of descriptive json metadata extracted from LatinFlexi.

Readers of this article who have endured the filling out of reams of descrip-
tive and administrative metadata might recoil from the prospect of furnishing
yet more, structural metadata for their datasets. We agree. Typing such meta-
data manually is not a good use of our time and is prone to error. Instead,
metadata is best generated automatically when possible. Adhering to stan-
dards aids the process, as it enables structural metadata to be inferred and
filled in automatically.

5.2 Agreed-upon community conventions, a.k.a. Standards

Standards are agreements on conventions. The most well-known example of
a standard might be the metric system. Measuring entities using the metric
system frees us from the need to continually convert between specialized units.
Moreover, a standard can be set up in a way that is maximally practical: e.g.
the metric system is decimal, making calculations easy.
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1 {
2 "name": "consonantal",
3 "title": "Whether the sound displays
4 the feature consonantal",
5 "description": "Binary feature (+/-) indicating whether the
6 segment displays the feature consonantal",
7 "type": "boolean",
8 "trueValues": [ "+" ],
9 "falseValues": [ "-" ]

10 }

Fig. 2: Excerpt of structural json metadata extracted from LatinFlexi.

Standards may arise either from planned agreements or de facto. The
main source of planned standards is the International Organization for Stan-
dardization (ISO), which edits standards for almost all aspects of modern
infrastructure (e.g. the 2 and 3-letter languages codes, ISO 639). In contrast,
de facto standards often emerge through the widespread use of a tool.

Standards are useful for expressing specific data points, such as sequences
of phonemes, codes for countries, or gloss abbreviations. Table 1 describes
some common data points in linguistic datasets and possible standards for
them. At a larger scale, standards can specify how to organize entire datasets,
and provide conventions to do so. Some prominent examples of standards
meant for entire datasets are the CLDF standard (for tabular data such as
word lists and dictionaries, see Forkel et al. 2018) and the Text Encoding Ini-
tiative (for structured XML data such as glossed examples or dictionaries, see
TEI Consortium 2025). Table 2 summarizes a few types of linguistic datasets,
and existing standardized formats for them.

Standards also exist for metadata (see section 5.1). Common terms for
describing metadata were standardized as the Dublin Core Metadata Terms
(DCMT, or ISO 15836). In the case of XML documents, data and metadata
are written and standardized conjointly. For tabular data, metadata is often
provided as separate JSON files, with specifications given either as part of data
standards (as in CLDF), or separately (as with Fowler, Barratt & Walsh 2018).
Although some are described in ordinary prose (the Leipzig Glossing Rules),
standards can themselves be described in standardized ways (see Bradner
1997), which facilitates unambiguous interpretation.

The main benefit of standards is to provide unambiguous semantics, which
ensures interoperability. For example, in a gloss, does the abbreviation IMP
stand for “imperfect”, “imperfective”, “impersonal”, or “imperative”? If we
know that data creators followed the Leipzig Glossing Rules, the answer is
trouble-free: it is imperative. The use of standards is crucial for long-term
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Data points Some standards
& conventions

Reference

Parts of Speech LexInfo Cimiano et al. 2011
Gloss abbreviations Leipzig glossing rules Comrie, Haspelmath & Bickel 2008

Corbett’s conventions Corbett 2000, 2006
Creissels’ conventions Creissels 2006
Bernard Fradin’s syn-
thesis of the above

http://www.llf.cnrs.fr/fr/node/60

Universal Dependency
Tagset

Nivre et al. 2016, 2020

UniMorph Sylak-Glassman et al. 2015
Interlinear glosses Leipzig glossing rules Comrie, Haspelmath & Bickel 2008
Languages Glottocodes Hammarström & Forkel 2022

ISO 639 ISO Central Secretary 2023
IETF BCP 47 Phillips & Davis 2006, 2009

Countries ISO 3166 ISO Central Secretary 2020
Locations on earth ISO 19111 ISO Central Secretary 2019b
Phonemes IPA International Phonetic Association 1999

CLTS Anderson et al. 2018, List et al. 2024
Meanings Concepticon List, Cysouw & Forkel 2016
Dates ISO 8601 ISO Central Secretary 2019a
Writing systems ISO 15924 ISO Central Secretary 2022

Tab. 1: Examples of common data points in linguistic datasets, and existing standards or con-
ventions for these.

Data nature Formats Standards References

Corpora TSV CONLL-U Nivre et al. 2016
CSV CLDF Forkel et al. 2018: TextCorpus
XML TEI TEI Consortium 2025: Chap. 16

Dictionaries CSV CLDF Forkel et al. 2018: Dictionary
XML TEI TEI Consortium 2025: Chap. 10

Glossed examples CSV CLDF Forkel et al. 2018: ExampleTable
XML TEI TEI Consortium 2025: Chap. 3.4
TXT Shoebox MDF

Word lists CSV CLDF Forkel et al. 2018: Wordlist
XML TEI TEI Consortium 2025: Chap. 10

Speech transcriptions XML TEI TEI Consortium 2025: Chap. 8

Tab. 2: Examples of common linguistic dataset, and existing standards for these. CLDF entries
refer to the CLDF RDF namespace (https://cldf.clld.org/v1.0/terms.rdf#)

http://www.llf.cnrs.fr/fr/node/60
https://cldf.clld.org/v1.0/terms.rdf#
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intelligibility, as it is more likely that knowledge of a single common standard
will be retained in the future than that of numerous independent and partly
overlapping conventions. In addition, standards avoid duplication of work by
relieving data creators and users of some of the responsibility of inventing,
documenting, maintaining, interpreting, and converting conventions.

There are some costs associated with the use of standards. First, data
creators and users need to learn specific norms. Second, formal compatibility
across datasets may still mask fundamental differences: it is important to
remember that interoperability is not the same thing as comparability. Finally,
standards which do not successfully cover all the needs of data creators might
lead them to use the same term to mean different things. However, these risks
can all be mitigated by making sure standards are produced with and for their
users, and updated as needed. Overall, the benefits created by standardization
far outweigh their costs.

5.3 Normalization

Normalization refers to two processes of data tidying: terminological normal-
ization and database normalization.

5.3.1 Terminological normalization

Terminological normalization consists in ensuring data points are always writ-
ten in the same way and belong to homogeneous sets, with no spurious dupli-
cates referring to the same entity, for example variation in case (e.g. “VERB”
vs “verb”), writing system (“III” vs “third”), abbreviation (“VERB” vs “V”),
etc. Although normalized values may seem an obvious desideratum, they can
be genuinely difficult to achieve by sheer human discipline, without technical
constraints on input or validation. Hence, normalization is greatly aided by
the presence of exhaustive structural metadata, which can be used as the basis
of checks on the validity of each data point.7

7 For instance, by enumerating a closed class of valid codes, by linking to a catalog or
vocabulary which in turn lists valid codes, or enforcing valid patterns, such as a regular
expression pattern for string-valued data.
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5.3.2 Database normalization

For tabular databases, especially relational databases where multiple tables are
linked together, data normalization (Codd 1970, Wilson et al. 2017) aims to
eliminate data redundancy and facilitate its maintenance (see also the notion
of tidy data, Wickham 2014). We take as an example Table 3, which presents
three languages, with a few main pieces of information on each.

name family family size 639-3 country

English Indo-European 586 eng UK, USA, Canada, Australia,
Ireland, New Zealand

Ewe Niger–Congo 1,540 ewe Ghana, Togo, Benin
Aguna Niger–Congo 1,540 aug Togo, Benin
Malay Austronesian 1,274 msa Malaysia

Tab. 3: Table with information on three languages

In Table 3, rows are identified by the ‘name’ column. However, language
names might present variations, contain spaces or special characters. To im-
prove machine readability, distinct, unique row identifiers can be added. They
are conventionally given as a first column. A second issue is that of data du-
plication. In Table 3, there is a dependency between the “family size” column
and the “family” column, as the first describes not languages, but their fami-
lies. Each time a language from the same family would occur in the table, the
same number would need to be repeated. Duplication introduces problems for
two reasons: it leads to excessive storage space, and it multiplies the risks for
a change in one location but not the other to lead to inconsistent data. In
our example, one risks updating a family size in some places, but not all rows
where the family occurs. A third issue in Table 3 is the presence of multiple
values in some cells. For example, a language can be spoken in more than one
country, and a country may have more than a single language.

Table 4 illustrates a partial solution. It introduces row identifiers, separate
tables for each entity described (languages, countries, families), and a table
for the many-to-many relation between countries and languages. Rows of the
country/language relation table can be read as “the language X is spoken in
the country Y”.

In a normalized database, each table describes homogeneous things (en-
tities or relations), represented in rows and labelled with identifiers (primary
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language tables

lang_id name family_id 639-3

lg-eng English fam-1-ie eng
lg-ewe Ewe fam-2-nc ewe
lg-aug Aguna fam-2-nc aug
lg-msa Malay fam-3-aus msa

family table

family_id family size

fam-1-ie Indo-European 586
fam-2-nc Niger–Congo 1,540
fam-3-aus Austronesian 1,274

country table

country_id name

country-1 United Kingdom
country-2 USA
country-3 Australia
country-4 Ireland
country-5 New Zealand
country-6 Ghana
country-7 Togo
country-8 Benin
country-9 Malaysia

country/languages relations table

relation_id country_id language_id

rel-1 country-1 lg-eng

rel-2 country-2 lg-eng

rel-3 country-3 lg-eng

rel-4 country-4 lg-eng

rel-5 country-5 lg-eng

rel-6 country-6 lg-ewe

rel-7 country-7 lg-ewe

rel-8 country-8 lg-ewe

rel-7 country-7 lg-aug

rel-8 country-8 lg-aug

rel-9 country-9 lg-msa

Tab. 4: Normalization of table 3
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keys). No rows or columns are duplicated. Each column states a single piece
of information about the row (not about values in other columns), and each
cell contains a single value (it is atomic).

Normalized databases ensure no duplication, and minimize the risks of
introducing inconsistencies. Yet for linguists, Table 3 may be more intuitive to
browse. In the context of research data, it is crucial to find a balance between
browsability and normalization. In Section 6, we show with the example of
Paralex that we can benefit from some of the practices of data normalization,
while letting researchers read and write the data conveniently.

5.4 Continuous Deployment

The last solution we highlight is a common practice in software development,
called continuous deployment.

Usually, software code exists in two simultaneous environments: one that
the developers are working on (the development environment) and one accessi-
ble to users (the production environment). Continuous deployment streamlines
the deployment from the development to the production environment. It veri-
fies each change to ensure it will not degrade the software. If updates pass all
verification, they are seamlessly delivered to end users.

Research data too involves two separate environments. On the one hand,
the researcher’s own data is a constant work in progress. On the other hand,
its published representation (a website, archive, or pdf document) is meant
to be more stable and is often generated through extensive additional manual
work. Thereafter, it may become infeasible to propagate updates from the
researcher’s data: the two environments become entirely separate. As we saw
in Section 2.4, over time this can lead to data loss. By adapting practices from
continuous deployment, we can seamlessly generate public presentations of our
research data (following the revisable principle, see Section 4.3). Because this
comes with the risk of introducing errors in the public facing representations,
a crucial step is to introduce automated verification to guarantee data quality.

Figure 3 illustrates the steps of such a pipeline. In order to synchronize and
save all changes, researchers can use versioning systems. The most extensively
used such versioning software is git, which works by labelling every incremental
change, and synchronizing sets of changes across personal copies and servers.
Using versioning systems provides much more precise and powerful ways to
save work than cloud synchronization. Moreover, these systems can easily be
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researchers

single
data
source

validate test deploy website

download

print
documents

pass pass

fail fail fail

user-facing outputsautomated continuous deploymentversion controlled

user

Fig. 3: Continuous deployment for research data: the researcher edits a single data source,
which is automatically validated, tested, and deployed to user-facing outputs. Failure of any
step rejects the update, and requires intervention from the researcher. Validation, testing and
deployment can be run automatically each time the data are updated.

integrated with automated verification and deployment.8 In the context of
research data, verifications can be broadly conceived as a two step process:
validation and testing. Validation consists in checking the formal integrity
of the data, and its conformity with what is declared by the metadata. For
example, all rows of a table must have the same number of columns, ISO 639
codes must be current, official ones. If validation fails, the update is rejected
with a message explaining why, and the researcher can make a new update.
Validation can be done with generic tools associated with the standard(s) used.
Sometimes, it is useful to add dataset-specific verifications. This is testing,
for which dataset creators need to write their own custom scripts. Again,
if the changes do not pass the tests, they are rejected with a message why
and are back in the hands of the researcher. If they pass the tests, then the
update can be seamlessly deployed to user-facing elements such as websites,
or downloadable archives.

Usage of metadata and standards, normalization of the data and con-
tinuous deployments are all means to a single end: producing high quality,
future-proof data with low maintenance costs, on a shoestring.

8 See for example gitlab pipelines or github actions.
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6 The Paralex standard for inflected lexicons

We now present Paralex, a data standard we have developed for inflected lex-
icons. Prior to the establishment of Paralex, an ad-hoc format had emerged,
with paradigm tables written as Excel spreadsheets, comma-separated value
(CSV) or tab-separated values (TSV) tables, shared between researchers
mostly by email. This practice led to poor documentation, little formal
consistency, and obstacles to the findability, accessibility, interoperability
or reusability of our data. In response, we decided to collectively devise a
standard.

With the Paralex standard, we strive to provide data which is FAIR, so it
can be used automatically (Section 3.2), CARE, so it respects and empowers
language communities (Section 3.3), and DeAR, so it supports a good data
ecosystem for dataset creators (Section 4). Paralex draws inspiration from the
Cross-Linguistic Data Formats standard (CLDF, Section 3.5), and adheres to
a similar philosophy and design principles, but is not based on this platform.
The Paralex standard is formally documented in full at https://www.paralex-
standard.org.

In this section, we discuss inflected lexicons of paradigms (Section 6.1)
and possible formats for their tabular representation (Section 6.2). We then
describe the component tables in a Paralex dataset (Section 6.3), the accom-
panying metadata (Section 6.4) and documentation (Section 6.5), as well as a
Linked Data ontology which increases inter-operability (Section 6.6), and the
Paralex ecosystem of automated tools (Section 6.7).

6.1 Inflected lexicons

An inflected lexicon is a dataset that contains words not just in citation form
but in all of their inflected forms, providing a full inflectional paradigm for
each lexeme. Inflected lexicons may document just a few lexemes, or as many
as several thousand. The inflectional paradigms they contain are invaluable for
investigations of inflectional morphology, and serve as a foundational resource
for data-driven studies. They can support both traditional and computational
research methods, for investigations focused both on individual systems and
on cross-linguistic comparison. For language description, inflected lexicons are
a powerful complement to the ‘Boasian Trilogy’ of grammar, lexicon, and text
collection (Evans & Dench 2006), as they document morphological patterns
with significantly more detail and completeness than typically is feasible in

https://www.paralex-standard.org
https://www.paralex-standard.org
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descriptive grammars or dictionaries. Created by expert linguists, they provide
high-resolution data capturing regularities, exceptions and contradictions in
detail. This degree of completeness, although notionally possible to include in
a grammar or dictionary, is most often omitted due to practical constraints.

A prominent set of inflected lexicons which exists already is the UniMorph
lexicons (Batsuren et al. 2022). These lexicons for the most part have been ex-
tracted automatically from entries in Wiktionary (www.wiktionary.org). They
have been used primarily in the field of Natural Language Processing, and to
some extent in linguistic typology. However, the UniMorph lexicons are lim-
ited. For each inflected word form, they provide its lexeme, paradigm cell (fol-
lowing a standardized tagset, Sylak-Glassman et al. 2015) and orthographic
form. For sophisticated linguistic research, it is desirable to add at minimum
a phonological representation. More ambitiously, a comprehensive resource
should take us beyond the basic triad of lexeme, cell description and inflected
wordform, to include phenomena such as defectivity and overabundance, sup-
pletion, inherent features, inflection classes, usage patterns, frequency, vari-
ation, and analytical choices that stand behind the data. By providing con-
ventions for each of these dimensions, the Paralex standard aims to meet this
ambition.

6.2 Tabular formats for paradigms

Under the hood, an inflected lexicon is composed of a set of tables. An im-
portant design decision for inflected lexicons is the choice of how to represent
paradigms. As linguists will be aware, paradigms are very often presented
as tables, and these can be organized according to a variety of conventional
formats (Corbett 2013).

When presenting the paradigm of a single lexeme, linguists will often use a
format as illustrated in Table 5a, in which rows represent the values of one mor-
phosyntactic feature (such as case) and columns the values of another (such
as number). This basic design plan takes advantage of the multi-dimensional
structure of paradigms and has the benefits of offering an intuitive, easy-to-
read layout that lends itself well to the printed page.

The single-paradigm format is effective for the task of presenting a small
amount of data to the human eye, but suffers drawbacks as a format for data
storage and sharing. First, if there are multiple lexemes to be described, a
separate table is needed for each. This rapidly becomes unwieldy. Second,
there is no obvious strategy for indicating additional information about each
form: How is it pronounced? How frequent is it? Was it provided by a specific

https://www.wiktionary.org
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(a) Single paradigm tables

singular plural

nom rosa rosae
voc rosa rosae
acc rosam rosās
gen rosae rosārum
dat rosae rosīs
abl rosā rosīs

singular plural

nom dominus dominī
voc domine dominī
acc dominum dominōs
gen dominī dominōrum
dat dominō dominīs
abl dominō dominīs

(c) Long form table

form_id cell lexeme orth_form gender

f1 nom.sg rosa rosa F
f2 voc.sg rosa rosa F
f3 acc.sg rosa rosam F
f4 gen.sg rosa rosae F
f5 dat.sg rosa rosae F
f6 abl.sg rosa rosā F
f7 nom.pl rosa rosae F
f8 voc.pl rosa rosae F
f9 acc.pl rosa rosās F
f10 gen.pl rosa rosārum F
f11 dat.pl rosa rosīs F
f12 abl.pl rosa rosīs F
f13 nom.sg dominus dominus M
f14 voc.sg dominus domine M
f15 acc.sg dominus dominum M
... ... ... ...

(b) Wide form table (Stump & Finkel 2013’s plat)

lemma nom.sg voc.sg acc.sg gen.sg dat.sg abl.sg nom.pl ...

ROSA rosa rosa rosam rosae rosae rosā rosae ...
DOMINUS dominus domine dominum dominī dominō dominō dominī ...

Tab. 5: Paradigm formats, illustrated with two Latin nouns (Pellegrini & Passarotti 2018).
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consultant? Was it generated automatically? In common practice, a certain
amount of additional information can be conveyed in publications, through
the shading of cells or with other annotations, but this is at best a strategy
for data presentation, rather than for the rigorous cataloging of information.
Third, the single-paradigm format assumes the paradigm to have a canonical
structure, with each cell (i.e., each combination of morphosyntactic feature
values) represented by one and only one inflected form. However, departures
from canonicity are frequent. Lexemes may be defective (having missing forms,
see Corbett 2015, Sims 2015), or cells may be overabundant (having more
than one form, see Thornton 2019). In the typology of inflectional systems,
non-canonicity is far from exceptional, and within individual systems it can
be pervasive (for instance in the plural forms of Estonian nouns), but even if it
were not, it is important for our datasets to be capable of recording exceptional
cases with fidelity.

A second format for presenting paradigm data is the wide format, also
called a plat (Stump & Finkel 2013), illustrated in Table 5b. In this format,
each column has a label, presented in Table 5b at the very top. Each row then
represents a lexeme. The first column, lemma, contains a distinct label for each
lexeme. The lemma label functions as a unique identifier (Section 3.4) which
can be used to refer to the lexeme easily and unambiguously. The remainder of
the columns contain the lexeme’s paradigm. This plat format has enjoyed some
success among morphologists as a practical structure for machine-readable in-
flected lexicons, in part because filling in a lexeme’s paradigm is easy. It is
the input format required by the Principal Parts Analyzer (Stump & Finkel
2013) and early versions of Qumín (Beniamine 2018), and a number of lexi-
cons had their first releases in this format (see e.g. Flexique version 1, Bonami,
Caron & Plancq 2014). Using a plat addresses the first of our three problems
identified above, since multiple lexemes can be represented in the rows of a sin-
gle table. However, the two other issues (inability to add further information;
assumption of canonicity) remain unresolved.

These problems are solved by the use of a third format, the long format,
illustrated in Table 5c. This is the format mandated by the Paralex standard,
in conformity with the principles of data normalization (Section 5.3). In long
format, each row is a record corresponding to a single inflected wordform. The
first column, form_id, is a unique identifier for the wordform. This is followed
at a minimum by columns labeled cell and lexeme, and one of orth_form (as
in Table 5c) or phon_form, so that the representation of a wordform is mini-
mally a triad of a cell specification, a lexeme and a form (as in datasets from
UniMorph), plus a unique identifier. However, this is only the minimum. In
long format, the information recorded about each wordform can be freely ex-
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panded by adding more columns: for example, Table 5c also contains gender
information. The long format also readily accommodates paradigms which are
not canonical. For example, an overabundant paradigm cell can be straightfor-
wardly represented on multiple rows, with each of those rows representing one
of the cell’s wordforms. Finally, unlike the plat format, rows do not become ex-
cessively long. Thus, all four of the problems flagged above are solved through
the use of the long form. For further discussion on wide versus long form for
linguistic data, see Forkel et al. (2018). Finally, long format is often assumed
by software designed to work with paradigm data (like modern versions of
Qumín, Beniamine & Bouton 2025).

The advantages just mentioned make the long format well suited for stor-
ing and exchanging paradigm data. For human readers, however, it can be less
intuitive than the plat or single-paradigm formats. This is a good reason for
regarding Paralex primarily as a standard for data exchange and archiving,
not one intended directly for data display. On the other hand, because Par-
alex is well suited to computational tasks, it provides a basis from which to
generate additional formats automatically that are more conducive to human
viewing (see Section 6.7, on the Paralex tool ecosystem, below).

6.3 Component tables in a Paralex dataset

The beating heart of a Paralex dataset is a central table, described just above
in Section 6.2, which represents information about paradigms in long format,
with one record per wordform: this is the forms table. Supporting that is a
network of additional tables, which, together with the forms table, comprise
an overall tabular dataset. The component tables of this tabular dataset are
linked to one another through the use of unique identifiers. In this section,
we describe each table and how it can link to others. For a full, technical
account, we refer the reader to the online documentation and specifications at
https://www.paralex-standard.org.

6.3.1 Relational schema

Each table in a Paralex dataset is dedicated to a distinct function. That func-
tion is to document one kind of entity which is involved in inflection: the
paradigm forms themselves, the lexemes which the inflected forms belong to,
the paradigm cells for which lexemes inflect, the feature-values which de-
fine the paradigm cells, the sounds which comprise phonological forms, and

https://www.paralex-standard.org
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the graphemes which comprise orthographic forms. A frequencies table can
record nuanced frequency measurements, and a tags table can record flexibly
defined category labels, giving researchers the capacity to extend the informa-
tion they wish to document. For each of these tables, the Paralex standard
provides a set of pre-defined columns. Figure 4 shows a few of these for each
table. The Paralex structure is designed to be adaptable to researchers’ needs,
and to be lightweight. In the design of standards, it is common to distinguish
between components that are mandatory, recommended or optional (Bradner
1997). In Paralex, only the forms table is mandatory. Only the sounds, cells
and feature-values tables are recommended. All other tables are optional.
Custom tables and custom columns can be added on a case-by-case basis as
researchers find necessary.

The tables in a Paralex dataset are linked together through unique identi-
fiers, which is to say, a Paralex dataset follows a relational model (Section 3.5).
These identifiers are used whenever a record in one table needs to refer to a
record in another (recall that in each table, a record is stored as one of the ta-
ble’s rows). To introduce some technical terminology, an identifier like form_id

in the forms table is called a primary key. The function of a primary key is
to label the row that it appears on. A second use of identifiers is as a foreign
key, to refer to a record somewhere else in the dataset, perhaps in the same
table or in another table. The foreign key makes this reference by citing the
primary key of the record it is referring to. In this way, a primary key and a
matching foreign key function together to establish two ends of a tether which
links two records to one another, within or across tables. This kind of relation
is called a foreign key relation, and it is indicated in Figure 4 by a solid line.
For example, in the forms table, the values in the lexeme column are foreign
keys which refer to primary key identifiers, lexeme_id, in the lexeme table.9

A second type of relation enables us to declare that the values in one col-
umn (for instance, the phonologically represented wordforms in the phon_form

column of the forms table) are comprised of sequences of entities from another
table (for instance, the sounds stored in the sounds table). We call these re-
lations vocabulary relations (the metaphor being that one table provides the
‘vocabulary’ from which items in some other column are composed). Vocabu-
lary relations are particularly useful for automatically validating (Section 4.2)
that the contents of a column are well-formed. Vocabulary relations are indi-
cated in Figure 4 by dashed lines.

9 Note that this naming pattern is distinct from that of CLDF, where ID in LanguageTa-
bles are pointed at by Language_ID in other tables.
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Fig. 4: Relation between tables of a Paralex dataset. Only some main columns are given. Shad-
ing indicate primary keys (identifiers), plain lines indicate foreign key relationships, dashed
lines indicate vocabulary relationships.

form_id lexeme cell orth_form phon_form overabundance_tag

f1 dream pst dreamt d r ɛ m t t-form;irreg
f2 dream pst dreamed d r iː m d d-form
f3 learn pst learned l ɜː n d d-form
f4 learn pst learnt l ɜː n t t-form

Tab. 6: Small example of overabundance in English past tenses.

tag_id tag_column_name comment

d-form overabundance_tag past in -ed
t-form overabundance_tag past in -t
irreg overabundance_tag irregular past with stem alternation

Tab. 7: A short tags table for the forms in Table 6
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6.3.2 The forms table

The forms table was introduced briefly in Section 6.2 above. Here we provide
more detail. Each row of the forms table documents a single inflected form.
Only four columns are mandatory: a primary key identifier (form_id); foreign
key identifiers (cell, lexeme) that refer to a cell and a lexeme; and some rep-
resentation of the wordform, either orthographic (orth_form) or phonological
(phon_form). Table 6 constitutes a valid small forms table. Phonological forms
are given as sequences of phonological sounds separated by spaces, e.g. “d r ɛ
m t”.10

To support the documentation of non-canonical phenomena, some addi-
tional conventions are provided. Defective entries (Sims 2015) must be ex-
plicitly specified (they are coded #DEF# following an already existing de-facto
standard, see Bonami, Caron & Plancq 2014, Pellegrini & Passarotti 2018).
Declaring a cell to be defective is distinct from simply not documenting a form.
(Choosing not to document a form indicates merely that the data is missing,
without making any statement regarding the existence of the form.) Paralex
also enables documentation of overabundance (Thornton 2019). Take, for ex-
ample, the overabundant English verbs dream and learn; both dreamt and
dreamed and learnt and learned, respectively, are possible past-tense forms. In
the forms table, each possible past-tense form is documented on its own row,
as shown in Table 6. Taking this further, it is notable that the forms dreamt
and learnt on the one hand, and dreamed and learned on the other hand, have
something in common: they use the same affixal strategy. It can often be use-
ful to annotate regularities such as these (e.g. long and short variants of the
plurals in Estonian declension, see Aigro & Vihman 2023), so that users can
systematically filter them. The Paralex standard provides a method to carry
out this kind of annotation, using tags. In Paralex, tags are researcher-defined
category labels. Definitions of the tags are recorded in a single dedicated tags

table, and the tags themselves are used to flag records in other tables, in spe-
cially reserved columns. A short example of a tags table is given in Table 7.
Note that the primary key identifier there is tag_id, and the identifiers in that
tag_id column are visible being used as foreign keys in Table 6, in the col-
umn overabundance_tag. Thus, the overabundance_tag column allows us to tag
the wordforms in Table 6, while Table 7 documents the researcher’s intended
meaning of the tags, in its comment column.

10 This convention is adopted from the CLDF standard, and ensures unambiguous seg-
mentation of forms into phonemes.
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The need to annotate sets of forms as having a common property may
prove useful beyond just the case of overabundance. The Paralex standard
provides a series of optional tag columns, in addition to overabundance_tag. A
defectiveness_tag may mark sets of defective forms (for example, indicating
pluralia tantum), a variants_tag may indicate speaker-level variation (geo-
graphical, dialectal, etc.), an epistemic_tag may indicate the epistemic status
of a form (e.g. manually_checked, controversial, uncertain, or attested), an
analysis_tag may serve to distinguish among competing analytic choices (such
as when analyses have been taken from different sources).

6.3.3 The lexemes table

The lexemes table provides information at the level of whole lexemes. Each
row documents a separate lexeme.11 The sole mandatory column is lexeme_id.
The Paralex standard specifies optional columns to document a citation form
(label), inflection class, lexical frequency, etc. Table 8 gives a very short lex-

emes table for the two lexemes of Table 5c. Note that while a frequency column
is available, more complex frequency relationships can be provided using in-
stead the flexible frequency table described below.

lexeme_id label inflection_class POS meaning frequency

lex-dominus dominus 2 noun master 10000
lex-rosa rosa 1 noun rose 6000

Tab. 8: Small example of a lexemes table for two Latin nouns.

6.3.4 The cells table and feature-values table

The rows of the cells table provide the full inventory of feature-value com-
binations for which lexemes can inflect (the paradigm cells), with each row
documenting one cell. The one mandatory column is cell_id. Paralex speci-

11 A significant scientific question for dataset creators is the decision of what exactly
constitutes a lexeme. On this issue, we refer to discussions found in Fradin & Kerleroux
(2003), Thornton (2018), and Pellegrini (2023).
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fies optional columns for providing a reader-friendly label, and to map the
cell onto other vocabularies (Section 3.4). Table 9 provides an example with
mappings to universal dependencies (ud) and UniMorph tagsets.

cell_id label ud unimorph

nom.pl nominative plural NOUN:Nom+Plur N;NOM;PL
nom.sg nominative singular NOUN:Nom+Sing N;NOM;SG
voc.pl vocative plural NOUN:Voc+Plur N;VOC;PL
voc.sg vocative singular NOUN:Voc+Sing N;VOC;SG
acc.pl accusative plural NOUN:Acc+Plur N;ACC;PL
acc.sg accusative singular NOUN:Acc+Sing N;ACC;SG

Tab. 9: Excerpt of a cells table for Latin nominal inflection.

The Paralex standard does not dictate how the structure of a paradigm
should be analysed. This is a decision for the creator of the dataset. Rather,
Paralex provides a standard for documenting that structure and increasing its
transparency by mapping it onto other, existing ontologies.

Following a convention formalized in the Leipzig Glossing Rules (Comrie,
Haspelmath & Bickel 2008), the cell_id identifiers for cells are combinations
of feature-values separated by dots. This allows flexibility in the definition of
cells, while ensuring the labels are fundamentally compositional. To prevent
ambiguity, Paralex forbids the use of capitalization to distinguish feature val-
ues (e.g. S for subject but s for singular).12

Optionally, the feature-values themselves may be documented in a feature-

values table. In addition to a column value_id, this table must contain the
columns label (e.g. “singular”) and feature (e.g. “number”), which provide
human-readable labels for the morphosyntactic value and feature respectively.
Additional columns can be added, to link to other ontologies. An example is
given in Table 10.

Some readers may wonder about our choice of terminology for the columns
in the feature-values table. Note that what morphologists call a ‘value’, is
termed a ‘feature’ in UniMorph (Batsuren et al. 2022), and what morpholo-
gists call a ‘feature’ is termed a ‘dimension’ in UniMorph. Paralex follows the
morphologist convention.

12 Paralex does not require these cells to be uppercase in the raw data, contrary to rule 5
of the Leipzig Glossing Rules. This is because transformation to uppercase in any human
readable presentation is trivial.
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value_id label feature ud unimorph canonical_order

sg singular number Sing SG 1
pl plural number Plur PL 2

nom nominative case Nom NOM 1
voc vocative case Voc VOC 2
acc accusative case Acc ACC 3
gen genitive case Gen GEN 4
dat dative case Dat DAT 5
abl ablative case Abl ABL 6

Tab. 10: Feature-values table for Latin nominal inflection.

6.3.5 The sounds table and graphemes table

A sounds table can be used to describe the full inventory of sounds which ap-
pear in phonological forms. This table has one mandatory column, sound_id,
which contains identifiers that are identical to the symbols used in the phono-
logical forms. Predefined optional columns include a label, comment, and iden-
tifiers that link to other ontologies (CLTS_id, PHOIBLE_id). A graphemes table
may serve to document orthographic graphemes in a similar manner.

6.3.6 The frequencies table

Although the tables forms, cells, and lexemes all permit a frequency column,
this is sometimes not sufficient to express the full nuance of frequency relations.
For example, there may be multiple sources of frequencies (multiple corpora
or multiple measurement methodologies), or the measures might not be taken
per-form, per-cell or per-lexeme (for example, they might be per orthographic
token, without a cell distinction). A frequencies table supports the flexibility
of expressing arbitrary frequency measurements, using any available identifier
of any other table.

6.4 Metadata

Every Paralex dataset has its associated metadata (Section 5.1). The meta-
data for a Paralex dataset is stored as a JSON file following the Frictionless
standard (Fowler, Barratt & Walsh 2018). This file declares descriptive and
administrative metadata for the dataset, and structural metadata describing
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each table and the set of columns that comprise it.13 Compiling this informa-
tion formally for every column of every table of the dataset takes space; the
JSON file is typically quite long, and is not intended to be read by or written
by a person. Instead, it is best created using the automated tools discussed in
Section 6.7 below.

The metadata serves as a body of documentation as well as a guide for
validating, manipulating and revising the data (Section 4). It also promotes
the longevity of the dataset itself, thus mitigating the problem of dataset
loss (Section 2.4). The metadata specifications of Paralex have been designed
to promote so-called graceful degradation, so that well in the future, even as
conventions are forgotten, the dataset remains interpretable for as long as
possible:
– As long as the Paralex standard and its automated tool ecosystem are

maintained, the JSON file can be read, written and manipulated in user-
friendly, domain-specific ways.

– If the Paralex ecosystem is partially or completely forgotten, the JSON
file is still entirely interpretable as it respects the Frictionless conventions,
and can still be manipulated by domain-general tools compliant with the
Frictionless standard. Frictionless comprises libraries to manipulate data
and metadata using Python, Javascript, R, Ruby, PhP, Java, Swift, go
and Julia.

– If the Frictionless standard ceases to be available, the file can still be
read as a structured set of attributes and values, the meaning of which,
although based on a lost convention, have been designed to be relatively
transparent.

6.5 Documentation

Even very good metadata will not cover everything that researchers might
want to know about a dataset (but see Mosel 2012).

In modern practice, data statements (Bender & Friedman 2018) or data
sheets (Gebru et al. 2021) provide information such as the process by which
data were obtained or created, analytic and modeling choices, and its intended
use. The Paralex standard provides a template file, data_sheet.md, with useful
questions assembled from the data statements and data sheets. In addition,
datasets typically include a README.md which summarizes the main information

13 In Frictionless terminology, the dataset is called the package, tables are resources and
table columns are described by resource schemas.
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about a dataset. Datasets may contain a number of additional documentation
files. Additional Paralex documentation can be given in more plaintext files,
using the markdown format (.md). A tool is provided to render the documen-
tation in a showcase website (Section 6.7).

6.6 An RDF ontology to support Linked Data

The Paralex standard provides a means to solve the problem of inconsistent
data presentation (Section 2.3) for inflectional datasets, and to ensure that the
datasets are interoperable with one another. Another desideratum, however, is
that inflectional datasets be interoperable with resources of other kinds. This
is supported to a degree by the use of references, within Paralex tables, to
external standards. However, further compatibility can be achieved through
integration with the web of Linked Data (Section 3.4). This enables complex
queries to be formulated across datasets, for example connecting entries from
an inflected lexicon to lexicographic information in dictionaries or to attesta-
tions in a corpus.

To support integration between Paralex datasets and other Linked Data
resources, we have adopted a strategy comparable to what was done in the
CLDF project: we have supplemented Paralex with a Resource Description
Framework (RDF) ontology that defines RDF classes and RDF properties
that correspond respectively to tables and columns in Paralex. This, when
coupled with the mandatory primary key identifiers that appear in each row
of every Paralex table, is technically sufficient to enable the conversion of
Paralex lexicons into RDF statements (see full specification in the Paralex
documentation at https://www.paralex-standard.org/paralex_ontology.xml).

A challenge for any set of systems that aspire to interoperability is to suc-
cessfully cope with minor departures in the use of similar concepts by different
parties. In the framework of Linked Data, this is achieved using the mechanism
of inheritance, according to which a more specific class or property inherits its
traits from a more generic one. The classes and properties of Paralex inherit
primarily from classes and properties of OntoLex (McCrae et al. 2017), and to
some extent from other general-purpose ontologies like the General Ontology
for Linguistic Description (GOLD, Farrar & Langendoen 2003) and LexInfo
(Cimiano et al. 2011). Technically, a relationship of inheritance is established
using the RDF predicate subClassOf. To illustrate how this can work in a con-
crete example, we take a short excerpt from PrinParLat, a Paralex lexicon

https://www.paralex-standard.org/paralex_ontology.xml
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that has already been converted to RDF.14 Figure 5 presents a single row of
the Paralex forms table, and next to it, the equivalent in RDF statements.

(a) Paralex forms table

form_id orth_form cell

191 ablauare prs.act.inf

(b) Corresponding RDF statements
1 paralex:Form rdfs:subClassOf ontolex:Form .
2 ppl:form_191 rdf:type paralex:Form .
3 ppl:form_191 paralex:orth_form "ablauere" .
4 ppl:form_191 paralex:cell ppl:cell_prs.act.inf .

Fig. 5: A row of the forms table of PrinParLat, and its expression in RDF. In the RDF state-
ments, we use a compact serialization format, in which we replace the unvarying part of URIs
with a shorthand, here: ppl →http://lila-erc.eu/data/lexicalResources/prinparlat/id/,
rdf →http://www.w3.org/1999/02/22-rdf-syntax-ns#, paralex →https://www.paralex-

standard.org/paralex ontology.xml#, rdfs →http://www.w3.org/2000/01/rdf-schema#, ontolex
→http://www.w3.org/ns/lemon/ontolex#.

Our Paralex RDF ontology defines a Form class. Line 1 in Figure 5b states
that this class inherits from the more generic Form class in OntoLex. This
inheritance relationship ensures interoperability between the forms in the Par-
alex dataset and forms provided in the numerous RDF-native lexicons based
on OntoLex that already exist. RDF lines 2–4 in Figure 5b then declare in-
formation about the single Paralex record shown in Figure 5a, whose Paralex
form_id identifier is 191. Line 2 states that the record whose RDF identifier
is form_19115 is a record of a form (as opposed to a lexeme, cell, or grapheme,
etc.). Lines 3 and 4 state that this record has an orth_form “ablauere” and a
cell value cell_prs.act.inf.

Following the principles of Linked Data, data points in the RDF conversion
of a Paralex dataset are assigned Uniform Resource Identifiers (URI) whenever
possible. This makes it possible to define relations between data points across
different Paralex lexicons, for instance if we wished to declare relations such
as cognacy across languages.

Our ontology allows for conversion in both directions between Ontolex
and Paralex lexicons, resulting in an enrichment of the amount of informa-
tion available in both formats, and opening new opportunities for addressing
problems of data coverage (Section 2.1).

14 https://zenodo.org/records/10658159.
15 In the RDF version, the string “form_” has been added to the id of forms to distinguish
between numerical identifiers for different items (e.g., lexemes), in line with good practices
for URI design.

https://zenodo.org/records/10658159
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6.7 Tools for a researcher-friendly Paralex ecosystem

To facilitate the work of linguists to develop Paralex datasets, we provide an
ecosystem of accompanying tools, designed with two aims in mind: lowering
the level of technical skills required to produce datasets; and reducing the
number of repetitive steps, so dataset developers can focus on the content
of the dataset rather than on the technical aspects. Each tool can be used
without the need for skills in programming, database management, or the
like. Our tools work in conjunction with data tables of the kind described
in Section 6.3. The researcher should first create these tables and save them
in the widely-used CSV format (this can be done, for example, in a wide
range of software applications, including Excel or LibreOffice Calc). The tools
themselves are run by entering simple commands in a command line interface
(e.g. in the Windows or Mac OS terminal), to execute tasks such as creating the
metadata JSON file (Section 6.7.1); validating the dataset table (Section 6.7.2),
and generating visualizations (Section 6.7.3). These tools are implementations
of our solutions (Section 5), applying the DeAR principles (Section 4) to the
development of a Paralex-compliant dataset.

6.7.1 Metadata generation

1 title: "LatInfLexi: Latin Inflected Lexicon"
2 languages_iso639:
3 - lat
4 tables:
5 forms:
6 path: "latin_forms.csv"
7 name: latinflexi

Fig. 6: A minimal configuration file in YAML format, used to produce metadata for a dataset
of Latin morphology, containing the only mandatory Paralex table for forms.

Paralex datasets are described by metadata in the Frictionless format
(Section 6.4), stored as a JSON file. Creating this Frictionless JSON is best
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performed automatically, not by hand. The paralex Python package16 provides
a simple tool to do so, given a collection of Paralex-compliant tables and a
simple parameter file that indicates where the files are located, and states
the main properties of the dataset. The tool inspects each table it has been
told about, matches it with definitions provided in the standard, and infers
as much information about it as possible. Following the Frictionless standard,
it writes the resulting metadata in a file ending in .package.json. Figure 6
provides an example of a minimal configuration file, and Figure 7 an excerpt
of the resulting JSON package.

1 { "name": "latinflexi",
2 "title": "LatInfLexi: Latin Inflected Lexicon",
3 "languages_iso639": ["lat"],
4 "profile": "data-package",
5 "resources": [ {
6 "name": "forms",
7 "type": "table",
8 "title": "Inflected forms",
9 "path": "latin_forms.csv",

10 "scheme": "file",
11 "format": "csv",
12 "mediatype": "text/csv",
13 "encoding": "utf-8",
14 "...": "..."
15 }, "..." ], "..." }

Fig. 7: The beginning of a JSON file produced by the YAML configuration described above,
using the command line paralex meta latinflexi.yml.

6.7.2 Metadata validation

The metadata file (Section 6.7.1) can be used to check the integrity of the data,
delivering on the promise of the Automated validation part of the DeAR prin-
ciples (Section 4.2). Carrying out validation regularly is the surest way to

16 The package can be installed using the generic python installer, pip, with the command:
pip install paralex



PR
E-
PR
IN
T

Data sharing and standardization in Linguistics 37

ensure that a dataset remains well-formed and Paralex-compliant throughout
its development process and subsequent life-cycle. Since Paralex follows the
Frictionless metadata standard, much about a Paralex dataset can be vali-
dated using a generic tool provided by Frictionless. Additional checks can be
run using our custom tool:

1 frictionless validate latinflexi.package.json
2 paralex validate latinflexi.package.json

These tools report back any infelicities encountered during validation and
provide hints for improving the dataset.

6.7.3 Revisable dataset visualization

In Section 2.4, we cautioned that websites should not be confused with the
data they are based on, yet they do remain a useful tool for viewing and ex-
ploring such data. To generate user-friendly websites for browsing a Paralex
dataset, we provide a simple tool, mkdocs-paralex.17 The website it produces
provides human-readable paradigm tables for each lexeme, automatically gen-
erated in a tabular layout. The arrangement of features into columns or rows
can be customized interactively by the website user. Figure 8 shows an ex-
ample of such human-readable paradigms. We take advantage of foreign keys
(Section 6.3) to create hyperlinks that facilitate navigation. The website also
contains all available documentation, including a readable representation of
the JSON metadata. For details on how the tool is used, we refer the reader
to the online tutorial.18

The websites that are generated by mkdocs-paralex are static. That is,
they are self-contained and have no reliance on the presence of a database
running in the background. Static websites minimize maintenance demands
and constitute a secure way to showcase a dataset over the long term, helping
to mitigate the problem of data loss (Section 2.4).

17 mkdocs-paralex relies on the mkdocs static website management tool and can be installed
through pip.
18 https://paralex-standard.org/tutorial/
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Fig. 8: Screenshot of the lexemes table from the website of the ParaLiv dataset (Bouton 2024).
The example shows the beginning of the paradigm of the Livonian noun sõnā ‘word’. Other
tables can be accessed from the navigation bar.

6.7.4 Dataset dissemination

Publishing online visualizations is not sufficient to disseminate machine-
readable datasets. In addition, datasets created in a Decentralized fashion
still need to be referenced together, so that they are discoverable and accessi-
ble. For this, we recommend publishing them in the Paralex community19 of
the Zenodo repository. Zenodo also ensures archival longevity and can make
the dataset citable by providing a Digital Object Identifier (DOI). The paralex
package provides shortcuts to list (paralex list) and download (paralex get)
any dataset published in the Zenodo community. Appendix A summarizes
Paralex datasets currently available on Zenodo.

6.7.5 Dataset revision

The four steps described above—metadata generation (Section 6.7.1), dataset
validation (Section 6.7.2), visualization (Section 6.7.3) and dissemination (Sec-
tion 6.7.4)—are likely to be performed repeatedly, both during the initial
development of the dataset and in subsequent updates after its release. To

19 https://zenodo.org/communities/paralex

https://zenodo.org/communities/paralex
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perform those steps, it suffices to run the tools via the command line at each
iteration. Successive versions of the same dataset can be published on the
same Zenodo deposit, maintaining separate DOIs for each version and for the
entire deposit. For researchers with access to more advanced know-how, we
also encourage the use of continuous deployment (Section 5.4), that is, user-
defined workflow pipelines that run automatically whenever a change is made,
and implemented for instance in repositories such as GitLab or GitHub. We
emphasize though, that the continuous deployment approach is not a neces-
sity, and that advanced skills are not needed for running our tools via the
command line.

7 Conclusion

The use of machine-readable data resources is becoming integral to linguistic
typology. Here we have put the spotlight on how those resources are created
and maintained. We began by identifying problems that confront the field:
problems of coverage, commensurability, consistency of presentation, durabil-
ity, and more generally, impediments concerning time-limited funding and
the technical skills required. We reviewed steps that have already been taken
elsewhere and identified, in the principles of Open Data, FAIR, CARE and
Linked Data, a path towards partial solutions. We found, however, that these
initiatives leave a gap regarding the needs of dataset creators. To address
this, we developed the DeAR principles, which recommend that data creation
be Decentralized (yet interoperable), so that expertise and responsibility is
spread among participating partners; Automatically verified, to support ma-
chine readability and high consistency; and Revisable, so that corrections,
revisions and supplemental information systematically and reliably percolate
from researcher data to public facing outputs.

We illustrated the practicalities and benefits of this approach by describing
a language domain in which it has been successfully implemented, the Par-
alex standard for inflected lexicons. At its most basic, a Paralex lexicon is a
simple, structured list of forms, accompanied with some metadata and useful
documentation. At its most complex, it may be a network of tables docu-
menting all entities involved (lexemes, inflected forms, paradigm cells, sounds,
graphemes, etc.), and linking them through identifiers. In designing the stan-
dard, we implemented sufficient formal rigidity to enable machine-readability
and to facilitate automatic verification and the generation of revisable outputs.
Yet we understand that as linguists, we are often most interested specifically
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in those parts of language that are very complex to analyse, and thus most
likely to strain against rigid categories. Thus, while the standard upholds rigid-
ity in terms of data formatting and arrangement, it retains flexibility around
data content, allowing linguists to make project-specific choices about data
content, while continuing to benefit from other aspects of standardization.

Our approach contributes to simplifying the technical skills required to cre-
ate and use datasets. We provide ready-made tools for validating data against
their metadata and for generating static websites from any standard dataset.
The use of static websites (rather than dynamic ones) requires a minimum
amount of technical infrastructure, lowering the costs of data presentation.
Furthermore, we rely on simple text formats (CSV, JSON, markdown) which
we believe will remain interpretable in the long term, thus addressing urgent
issues regarding the preservation of data. This permits contemporary data,
augmented with conventionally formatted modifications over time, to serve as
the aggregate foundation for future empirical and theoretical research.

Well curated datasets, which remain available for the long term, are cru-
cial to our work, and guaranteed to feed linguistic and typological work for
decades.

A Datasets

Several Paralex datasets are already available on the Zenodo Paralex Commu-
nity.20 Table 11 lists them and provides some basic information about each.

20 https://zenodo.org/communities/paralex/records?q=&l=list&p=1&s=10&sort=newest.

https://zenodo.org/communities/paralex/records?q=&l=list&p=1&s=10&sort=newest
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