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Abstract

In this paper, we describe the development of Skema and its features. Skema ['ski:mo] is a new corpus pattern editor system which
supports the manual annotation of concordance lines with user-defined labels (each concordance has its own set of labels) and the
editing of the corresponding patterns in terms of slots, attributes, examples and other features following the lexicographic technique of
Corpus Pattern Analysis. Skema is integrated into the web-based Sketch Engine and can be used by any user for annotating both
preloaded and user corpora. Each annotation label is linked to the pattern structure (stored in JSON format) which can be easily
customized to individual projects, a generic pattern structure (i.e. a list of user-defined attributes) being available by default. The paper
illustrates the use of Skema in three specific projects, i.e. Woordcombinaties for Dutch verbs, Typed Predicate-Argument Structures for
Italian Verbs (T-PAS) and its sister project for Croatian Verbs (CROATPAS).

Keywords: corpus-driven lexicography; editor, pattern dictionary; sketch engine, corpus annotation; annotation schema

1 Introduction

Skema [ 'ski:ma] is a new corpus pattern editor system. It was implemented to facilitate the management of manual
annotations in Sketch Engine (hence the name) (Kilgarriff et al. 2014) allowing to associate word meaning with word use
as is advocated by Corpus Pattern Analysis (Hanks 2013).

Corpus Pattern Analysis (CPA) is a lexicographic technique for mapping meaning onto words in text. It is based on the
Theory of Norms and Exploitations (Hanks 2004; 2013). This theory distinguishes between normal or prototypical uses
of words and exploitations of these, like patterns with anomalous collocates or unconventional metaphors. The focus of
the analysis is on the prototypical syntagmatic patterns with which words in use are associated. Associating a “meaning”
with each pattern is a secondary step, carried out in close coordination with the assignment of concordance lines to
patterns.

In this paper, we describe the development of Skema and its features, and we illustrate the use of Skema in a number of
projects, i.e. Woordcombinaties for Dutch verbs (Colman & Tiberius 2018), Typed Predicate-Argument Structures for
Italian verbs (T-PAS; Jezek et al. 2014) and its sister project for Croatian CROATPAS (Marini & Jezek 2019).

2 The Skema editor

Sketch Engine has supported the manual annotation of corpora (concordance lines) for quite a long time (Baisa et al.,
2015), but the management of annotations and the integration in Sketch Engine was clumsy and unstable, since different
systems on different servers were involved. Therefore, a new interface with a modern look was implemented, which -
more importantly - is much more stable and easier to maintain than the previous system. Below, we describe the two main
components of Skema: the manual annotation of concordance lines (section 2.1) and the editing of the patterns (section
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Figure 1: From the left: annotating concordance lines, word sketch collocates and the annotation menu in the Sketch Engine interface
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2.1 Manual annotation

Using the CPA technique, the lexicographer starts with analyzing and annotating a sample (usually 250 lines or more) of
concordance lines with labels using the annotation feature ( =) in the Sketch Engine interface. Patterns are identified
manually by carefully examining similar concordance lines. The labels are chosen from a small pop-up menu (see Figure
1). It is a common practice to use numerical labels for the patterns, but any string can be used; labels with a dot (e.g. 1.a)
are treated as sublabels and are grouped together under the main label.

It is important to note that each annotated concordance has its own set of labels. In the projects described below, the
concordances are based on verb headwords, but any concordance (a query result) can be stored for later annotation.

The set of labels is maintained in the Annotation menu (Figure 1, on the right) which provides an overview of the labels
together with the number of concordance lines annotated with that label and allows the user to add new labels, to sort the
whole concordance by the labels or to show only lines annotated with a specific label. The user can also go to the
Annotation manager, which is on a separate page (Figure 2).

The annotation is not only available in Concordance, but also in Word Sketch (Figure 1 in the center). Annotating per
collocate can significantly speed up the process, since the label is assigned to all concordance lines containing the
headword-collocate pair.

2.2 Editing patterns

Once the annotation is done, the lexicographer starts editing the patterns in the Annotation manager. Here, lexicographers
have an overview of the list of all headwords (Figure 2). They can search the list and per headword, they can maintain the
list of labels identifying the patterns (Figure 2 at the bottom). Labels can be renamed, added, removed and reordered in
the Annotation manager, and these operations are synchronized with Sketch Engine.
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Figure 2: The list of concordances and a list of labels with different pattern visualization (Dutch labels and patterns for analyseren ‘to
analyze’ and Italian labels and patterns for annunciare ‘to announce’)

When a pattern has been edited, a preview of the pattern is shown next to the label. Each pattern corresponds to one of the
labels used in the manual annotation. The visualization of patterns is also project-specific and can be customized. By
clicking on one of the labels, the pattern (structured information) opens up and can be edited (see Figure 3).
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Figure 3: Pattern editors for Dutch and Italian; the generated patterns at the bottom can be customized with colors, typography etc.

Editing is done by selecting the right number of slots for a specific pattern and completing the information for the relevant
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features for each slot (e.g. syntactic function, semantic type, lexical set). Each project can define its own features for the
slots. Each project can thus have a different information structure linked to the slots and the different projects currently
using Skema do indeed take advantage of the possibility to fine-tune the information in the slots to the particular needs of
the project.

2.3 Skema: the technical solution

In the old version (called CPA editor; Baisa et al. 2015), the structured information was stored in a PostgreSQL database
in several tables and every structural change in the pattern structure had to be reflected in the DB schema. Due to frequent
changes, the schema became clumsy and hard to maintain. In Skema, the whole pattern structure is saved in JSON format
in a SQLite database (one DB per corpus and project), so that changes are easily done at the level of the Skema pattern
editor without a need to change the DB schema.

To use a customized pattern editor, Sketch Engine users need to be assigned to a specific project by Sketch Engine
administrators. Otherwise, users will see a generic pattern editor with an option to save an arbitrary list of attribute-value
pairs.

The system is currently not well-suited for parallel annotation by several annotators. Even though multiple annotators can
work on different queries (stored concordances), the situation when more annotators (within one project and in one
specific corpus) are editing the same concordance and changing the labels is not treated well at the moment and might
lead to inconsistencies and conflicts. In the future, these situations can be treated by locking the annotation temporarily.
In each project, the selected queries and their labels can be published as a read-only single-page website. At the moment,
only two of the projects using Skema have such access: the English Pattern Dictionary of English Verbs' and the Italian
T-PAS?. Currently, it is not possible for users to publish their own data, but Sketch Engine administrators can set up a new
single-page website with a unified user interface (with simple customization options) similar to the two examples above.

3  Projects using Skema
In this section, we illustrate the use of Skema in three ongoing projects.

3.1 Dutch Woordcombinaties project (‘Word combinations)

Woordcombinaties is a new online lexicographic resource from the Dutch Language Institute®, which merges a pattern
dictionary of Dutch verbs, following the example of the Pattern Dictionary of Enghsh Verbs with a collocation
application, following the example of Sketch Engine for Language Learning (SKELL)*. A demo” of the resource has
recently been released describing the combinatorics of a selection of 150 verbs taken from a list of high frequency verbs
for advanced learners of Dutch as a second language. For all verbs, example sentences and a kind of word sketch are
provided, and for a subset, a pattern description is also available. The project is based on a corpus of approx. 230 million
tokens consisting of newspaper material and domain specific texts from the Netherlands and Belgium, in order to reflect
language variety in Dutch.

In the editorial process, Skema is used for editing patterns, whereas an in-house system (Tiberius et al. 2014) is used for
editing the example sentences and word sketches. The data from both editors is integrated in the online
Woordcombinaties application. The basic setup of Skema for Woordcombinaties is fairly similar to the other projects. A
pattern consists of a number of slots and each slot has a number of features and attributes attached to it. Specific to the
Dutch project are the features ‘fixed element’ and ‘dummy’. Dummies (such as iemand 'someone’, iets 'something') are
used in addition to semantic types for the sake of readability. This practice is inspired by E-VALBU®, where complements
in the patterns are also embedded in dummies so that semantic roles are more or less implicitly recognizable. In the
patterns in the online application, only dummies are shown, not the semantic types. The fixed element was introduced to
have a placeholder for prepositions and conjunctions separate from the dummy in prepositional complements and
predicative modifiers as is illustrated in the pattern below, where there are two optional prepositional complements, one
introduced by in (‘in’) and the other by op (‘on’).

iemand of iets1 analyseert iets2 (zo) (in iets3) of (op iets3)
1 iemand of iets1 ontleedt iets2 om het systematisch te onderzoeken
— De studie analyseert de 52 belangrijkste economieén en biedt dus een redelijk globaal plaatje .

Figure 4: Pattern 1 of Dutch analyseren (‘to analyse’)

The visual rendering of the patterns in Skema has been customized completely to the Woordcombinaties project and is
very similar to the layout and color-coding used in the online application of the project, providing a WYSIWYG preview
to the lexicographer. For instance, the OR feature is displayed as the Dutch word of (‘or”) in the pattern (see Figure 4), and

' pdev.org.uk [04/05/2020]

? tpas.sketchengine.eu [04/05/2020]; The T-PAS project is currently using this feature only internally and enriching it with good
examples (GDEX) from the corpus for each label. The results will be made public by the end of 2020.

3 ivdnt.org [04/05/2020]

* www.sketchengine.eu/skell/ [04/05/2020]

3 woordcombinaties.ivdnt.org/ [04/05/2020]

% grammis.ids-mannheim.de/verbvalenz [04/05/2020]
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different syntactic functions are marked by different colors. Note also that the pattern uses the inflected form of the verb.
In addition to the pattern, a definition and a general example are given.

In Woordcombinaties, sublabels are used to distinguish subpatterns from main patterns. Subordinate clauses, idioms,
proverbs and formulas are normally considered as subpatterns. For instance, the pattern in Figure 4 has two subpatterns:
one where the object slot of the main pattern is realized by a subordinate clause introduced by of (‘or’) or a wh-word, and
one where the object is realized by a quote.

In the Woordcombinaties version of Skema, patterns are complemented by two types of example sentences, a general
example and selection of examples of lexical items instantiating a particular slot. The slots in a pattern are numbered and
the active slot is highlighted so that the (GDEX sorted) selected examples are automatically linked to this slot (see slot 6
in Figure 5). This numbering of the slots is especially important if a slot with a particular syntactic function occurs more

than once in a pattern, as in the example below.

Function Subject ¥  Head T Object v Adverbial ¥  Prepositional ¥  Prepositional ¥
Semantic type Human Example 43 Lexical item 43 Slot

Voor die locaties wordt het water standaard geanalyseerd op pc (6) v
Fixed element o op

Figure 5: Pattern for Dutch verb analyseren ‘to analyze’ illustrating automatic linking of slots to example sentences

Both types of example sentences are stored in the JSON file which can be downloaded from Skema. In addition to this,
the full set of annotated concordances in the corpus is extracted through the Sketch Engine API and shown on demand to
the user in the online version of Woordcombinaties.

3.2 The Italian T-PAS project

The T-PAS resource is a corpus-derived inventory of semantic structures for Italian verbs to be used for linguistic analysis,
language teaching, and computational applications. It is developed at the Department of Humanities of the University of
Pavia, in collaboration with the Fondazione Bruno Kessler (FBK, Trento) and the technical support of Lexical Computing
Itd. It is based on the Generative Lexicon theory of compositionality (Pustejovsky 1995) and on the corpus pattern lexical
analysis proposed in Hanks (2004, 2013). It currently consists of 1160 analyzed verbs for about 8000 patterns, and ca.
190,000 annotated concordances. The verb sample of T-PAS was selected according to two criteria: a random sample of
average polysemy verbs from the Sabatini Coletti 2008 dictionary (10% of 2 sense verbs, 60% of 3-5 sense verbs, 30% of
6-11 sense verbs), and coverage of the fundamental verb lemmas (“lemmi fondamentali”) from De Mauro 2000’. The
corpus used to extract the patterns is the itWaC reduced (935,698,409 tokens), a wide corpus gathered by crawling texts
from the Italian domain in the web using medium frequency vocabulary as seeds (Baroni et al. 2009). The resource
includes a repository of patterns, a hierarchically organized system of semantic types to classify the semantic properties
of the verbal arguments, and a corpus of annotated concordances with pattern numbers, that represent instantiations of the
corresponding patterns.

The T-PAS System of Semantic Types (Jezek 2018) is a hierarchy of general semantic categories obtained from manual
clustering of lexical items found in the argument positions of verbal structures in the corpus. The System currently
contains 180 semantic types that are organized hierarchically based on the “is a” (subsumption) relation (e.g., [Human] is
an [Animate]). The System of Semantic Types, together with definitions and examples for each type, is made accessible
to lexicographers through a customized function of Skema (Figure 6), so that they can easily and instantly consult it while
editing the patterns.

System of Semantic Types

ANYTHING -
ST to use as a last resort when [Eventuality], [Entity] and [Property] are equally likely
PROPERTY +
A quality or characteristic of [Anything] (peso, altezza, bellezza, forma, eleganza,reputazione)
EVENTUALITY —
It can either be an [Event] involving movement, change or development or a fixed [State] (evento, relazione, cambiamento, situazione)
STATE +
A static [Eventuality] that does not involve activity, movement or development {pace, stabilita, situazione, equilibrio)
EVENT +

An [Eventuality] that involves movement, change, or development, unlike a [State]. An [Event] can either be a volitional [Activity] or a
non volitional [Process]. (incontro, morte, visita, matrimonio, trattamento, tempesta, guerra, richiesta)

ENTITY —
[Anything] that exists independently of other things and has a distinct identity. [Anything] which is nat an [Eventuality] nor a [Property] (forza,

materiale, ambiente, economia, creatura, edificio)

ABSTRACT ENTITY +
An intangible [Entity], such as a [Concept] (idea, problema, concetto)

PHYSICAL ENTITY +
A tangible [Entity] (ponte, faccia, tavolo, auto, fiore, uccello, birra, merci, pietra, bambino, vulcano)

Figure 6: A selection of the top level of the hierarchy for the T-PAS System of Semantic Types in Skema.

7 In De Mauro’s classification, fundamental lemmas are the words that in all languages tend to cover on average about 90 percent of the
occurrences of words in texts and discourse.
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Importantly, pattern strings in the T-PAS customized version of Skema only show semantic and lexical information, that
is, they include the verb, the semantic type of the arguments, a selection of the best examples of lexical items for the types,
the role played by the arguments (i.e. Athlete, Doctor), the features (i.e. Female, Visible) associated to the types, and a
preposition or a complementizer (a, per, di), should they be present in the pattern. The syntactic information is encoded in
Skema, but it is deliberately not made visible in the pattern string, neither in Skema nor in the online version. This is
because the resource is intended primarily as a semantic resource. The syntactic features available for pattern encoding by
the lexicographer are: subject, object, prepositional complement (this includes indirect objects), adverbial, clausal,
predicative complement, and QDM (quantifier, determiner, modifier) - the latter for argument slots with rigid syntax
regarding these features, for example arguments that must be introduced by a determiner. One important feature of T-PAS
is that it allows for syntactic alternation within the same pattern, as in Figure 7:

1 [Human] finire [Activity] | di [Activity]
[Human] conclude, porta a termine [Activity] | di [Activity]

Figure 7: Syntactic alternation in T-PAS for the verb finire ‘to finish’, which allows for both a direct object and a clausal argument
introduced by di to express the semantic selection [Activity] for the second argument.

Another main feature of T-PAS is that it encodes metonymic shifts on the arguments (Pustejovsky & Jezek 2008). The
idea of registering metonymic shifts in the patterns emerged from the need of addressing the divergence between the
frequency of metonymic instances in the corpus and the lack of a proper way to record this kind of information in the
resource. Therefore, we implemented Skema with the addition of a specific sublabel, .m (where “.m” stands for
metonymic); metonymic sublabels are linked to their main label and reflect their syntactic structure, as well as the sense
of the verb, which does not change. The metonymic sublabel encodes the new semantic type(s); the shift between the type
in the label and the metonymic type is also registered, see the second line of sublabel 1.m in Figure 8. The metonymic
sublabel has been applied to a preliminary sample of 30 verbs in Romani (2020); we are interested in extending the
number of verbs annotated for metonymies in their arguments.

1 [Animate] bere [Beverage]
[Animate] ingerisce, assume [Beverage]

[Animate] bere [Container {bicchiere | bottiglia}]
[Animate] ingerisce, assume [Container] (che contiene [Beverage])

1.m

Figure 8: Metonymic sublabel in T-PAS for the verb bere ‘to drink’, where the semantic shift between the type [Beverage] and the
metonymic type [Container] is registered.

Finally, in developing and customizing Skema for T-PAS, we devoted attention to the graphic layout and visualization of
the patterns, in order to make them easily-readable and user-friendly. We used as few symbols as possible and conceived
a system to properly combine lexical and semantic information (as in the metonymic sublabel in Figure 8).

3.3 CROATPAS

The CROATian Typed Predicate Argument Structure resource (CROATPAS, Marini & Jezek 2019) is the Croatian sister
project of the T-PAS resource (see section 3.2). The two projects share the same corpus-based lexicographic methodology
and a number of common features, such as the focus on metonymic shifts taking place within argument structures. The
reference corpus linked to the resource is the Croatian Web as Corpus (Ljubesi¢ & Erjavec 2011), which contains over 1.2
billion tokens. CROATPAS’s first release is scheduled for the end of 2020. At present, its inventory consists of 101 verb
entries, 457 patterns, 106 metonymic subpatterns and 22,052 annotated corpus lines (Marini & Jezek 2020). Being a
Slavic language, Croatian posed a certain number of issues which had to be tackled when Skema was implemented for
CROATPAS, such as the graphical rendering of case inflection in pattern strings. The Croatian case system consists of
seven cases, namely nominative, genitive, dative, accusative, vocative, locative and instrumental (Bari¢ et al. 1997: 101).
Since it is mainly noun endings that express the grammatical relations between sentence components, we soon realized
that — if we planned to translate Croatian valency structures into CROATPAS patterns using non-inflected Semantic
Types — we had to find an effective way to convey the morpho-syntactic information usually provided by case, since we
could not even rely on fixed word order nor on an extensive inventory of prepositions. In addition to color-coding the
different argument slots, the solution was adding case markings as bottom-right indexes to the Semantic Types in the
pattern strings, as in the example portrayed in the figure below.
1 [Human | nstitution | Seftwans] preporuluje [Acthaty {kordienje krema) | da [Achdty] {nikaks me gubite notu} | [Acthity] [Humar
[Human], [nstitution] or [Software] récommends [Actiity] to [Human

Figure 9 CROATPAS pattern 1 of the verb preporucivati ‘to recommend’

Another Croatian-specific feature to be taken into account when setting up Skema was verbal aspect. Croatian verbs
usually come in pairs featuring both a perfective and an imperfective lexical variant, thus allowing language users to
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choose between two different options according to the temporal constituency of the given event. Therefore, in
CROATPAS each aspectual variant is treated as an independent verb entry.

4 Conclusion

This paper introduced Skema, a new corpus pattern editor system. Skema is a web-based editor integrated into Sketch
Engine which combines two new features: annotating concordance lines with labels for patterns and management of these
labels with the possibility of storing arbitrarily structured information for each pattern label.

In this paper, we described three projects which employ the technique of Corpus Pattern Analysis, all of which are using
Skema. Another project which has been recently moved to Skema is the Pattern Dictionary of English Verbs (Hanks and
Pustejovsky, 2005). Since all four projects use a very similar pattern structure, inter-language linking of patterns (verb
meanings) should be relatively easy and the resulting dictionary (as envisaged in Baisa et al. 2016) of verb valencies
would form a valuable resource for both researchers and language learners.

Skema is being actively developed and new features are expected to be added, such as user-customizable pattern
structures, reliable collaborative annotation, support for online self-publishing of the data and an export function.
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