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Abstract

This research describes a protocol for specialized corpus analysis using natural language processing (NLP) tools to
define semantic hierarchies of verbs in the specialized domain of Volcanology. The experimental analysis was
carried out with a domain-specific corpus in English of approximately 500,000 tokens composed of dissertations and
scientific articles in the domain of Volcanology. The combination of semantic and syntactic analysis results in the
verb macro structure that illustrates the evolution of the meaning from more general to more specific verbs.
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1. Introduction

The role of the verb in terminology has been traditionally undervalued, However, Frame-based Terminology, a
new cognitive approach to specialized language, shows that the elaboration of verb hierarchies, based on their
meaning definitions, can effectively contribute to the building of ontologies in specialized domains (Faber, 2002)
(Faber, 2012). However, experience has shown that defining corpora-based verb hierarchies manually without a
purpose-built tool is a very time-consuming procedure. In this context, automatizing domain-specific corpora
analysis with a view to extracting hierarchical lexical networks is an important step towards knowledge
organization.
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The design of a fully automatic tool for this type of application is not possible without a great deal of previous
study. It was first necessary to perform an experiment with existing NLP tools on a domain-specific corpus. After a
description of the analysis carried out, the results obtained are illustrated with corpus-based examples. This
experiment thus usefully contributed to the construction of this tool for automatic information extraction and opened
the door to further research.

Our analysis was applied to the domain of volcanology, and the domain-specific English corpus used had a total
of approximately 500,000 tokens. The corpus was composed of dissertations and scientific articles in this field. The
stages in the analysis were performed with the POS-tagger TreeTagger (Schmid, 1994), the concordance tool
AntConc (Anthony, 2005), the Word Sketch module of SketchEngine (Kilgarriff, Rychly, Smrz, & Tugwell, 2004),
and original scripts in Perl.

2. Related works

Based on Frame Semantics (Fillmore 1979, 1982, 1985 in Petruck, 1996) and Constructional Grammar
(Goldberg, 2003), Frame-based Terminology Theory (Faber, Linares & Exposito, 2005; Faber, 2002, 2009, 2012)
describes the terminology in a specialized domain as a system of concepts interacting at the syntactic, semantic and
pragmatic levels.

Frame-based terminology focuses on: (1) conceptual organization; (2) the multidimensional nature of
terminological units; and (3) the extraction of semantic and syntactic information through the use of multilingual
corpora (Faber, 2009).

From this perspective, the verbs that encode actions, processes, and events are the most important parts of the
system.

However, what is invariably overlooked is the fact that predicates in specialized texts are also instrumental in the
analysis of conceptual structure. Verbs can be related to the conceptual categories that characterize the arguments
they normally appear with in medical texts. In such cases, we have even found that verbs can trigger entire
hierarchies of concepts and provide useful information in the structure of conceptual categories (Faber, 2002).

At the same time, the preferences of verbs for certain concepts in these hierarchies can provide information
concerning meaning structures in the domain (Faber & Mairal Uson, 1999).

3. Methodology

After a part-of-speech (POS) tagging by TreeTagger the corpus was processed with a specially designed Perl
script in order to obtain the corpus keywords list and extract the most domain specific verbs. The script combined
the term frequency - inverse document frequency value (TF-IDF) and a general language reference corpora. The
TD-IDF value reveals words with high frequency that appear on few documents of the corpus.

g spread ﬁ piece, gas, magma, (m onto surface /

5 erupt 8 basalt, g earth / floor, under
> eject = mud, light, sulfur, oc pressure, from vent
emit QO lava, plume, rock, E / volcano, into

expel b pyroclastic flow, &l earth, in future /
extrude L ash, water vapor, = time / history /
discharge & steam, moat e world / form, on
rhyolites, basalt, > land/ earth / floor,
andesite, hydrogen, g during activity,
etc. = within number, to
E% E'f earth

Fig. 1. Volcano activity verbs’ arguments
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In the second stage the corpus was sent to the Word Sketch module of SketchEngine, and sketches were obtained
for each verb. The sketches contained the information regarding direct objects and adverbial phrases (Fig. 1). For
this reason the corpus processed by TreeTagger was transferred to the AntConc concordance tool for manual
analysis. These steps made it possible to study the selected verbs in context by using regular expressions with POS-
tags and by extracting word clusters (2-6 words, frequency > 3). The typical arguments of the verbs were identified
on the basis of their most characteristic semantic features.

This step allowed us to define the semantic frame of the domain-specific event (volcano eruption), based on
causation verbs in the domain of Volcanology (spread, erupt, eject, emit, expel, extrude, discharge) (Fig. 2). The
semantic frame seems to be an optimal context for semantic analysis. Since it is conditioned by the event and not by
the verb, it gives a coherent representation of the whole set of concepts. The frame is the departure point for the
study of verb arguments because these arguments can be subdivided according to the semantic roles. This analysis
seems to be more complete than the classification based on the syntactic distribution of contexts (Bourigault &
Jacquemin, 1999).

During an eruption [Action], a volcano [Agent] erupts substances [Theme] from the planet’s
depth [Location] under pressure and at very hot temperatures [Condition] through a natural
vent in a planet’s surface [Location] onto the planet’s surface in some direction [Location],
eventually forming some structure of solidified substances [Result].

Fig. 2. Semantic frame Volcano_eruption

The core roles of this frame are Agent and Theme. As the Agent is restricted to volcano, the verb semantic
hierarchy is based on the Theme role. Although the Theme role is generally taken by a noun or a noun phrase, it is
also possible for this slot to be empty. Of all the arguments available on this position, some are common to several
verbs. For example:

(1) Volcano extrudes lava/basalt
Volcano erupts lava/basalt

At the same time, even though some arguments differ (2) they can still be switched without any important change

in meaning (3):

2) Volcano erupts magma
Volcano extrudes lava

3) Volcano erupts lava
Volcano extrudes magma

Nevertheless, not all arguments can be switched.
“4) *Volcano  erupts light/infrared rays
*Volcano  extrudes gas/steam
Consequently, the Theme elements can be classified based on syntactic, pragmatic and semantic features (Faber
& Mairal Uson, 1999). All the entities designated by noun phrases in the syntactic frame are concrete, inanimate and
natural, but their physical state is different. They can therefore be divided into semantic subclasses (Fig. 3). This
distribution is illustrated in Figure 4.

Semantic sub-class Tag Examples

- - A volcano erupts

Solid substance SS basalt, rock

Gas substance GS steam, gas

Liquid substance LS lava, magma
Physical phenomenon PP light, infrared rays

Fig. 3. Semantic groups of noun [Theme]
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Verb Noun
Theme

- SS GS LS PP
Spread - - A -
Erupt + + + -
Eject - + + -
Emit - - h +7? e
Expel - - + + -
Extrude - + - +7? -

Fig. 4. Verbs' arguments groups’ distribution [Theme]

4. Results

The verb argument patterns shows that some verbs accept more types of semantic subclasses than others. This
implies that the meaning of these verbs is more general:

The full set of syntactic and semantic information is distributed throughout the domain in terms of inheritance
mechanisms. Predicates on more specific levels of the hierarchy (and thus more constrained in their semantic
scope) have meanings which pinpoint very specific areas of meaning, and this reduction in semantic scope brings
with it a corresponding reduction in syntactic potential (Faber & Mairal Uson, 1999).

All this information makes it possible to build a verb hierarchy typical of the semantic frame of
VOLCANO_ ERUPTION. This frame combines general language definitions with the semantic frame and typical
semantic configurations of verb arguments (Fig. 5).

This kind of structure not only portrays the semantic hierarchy but also the semantic subclasses in the verb
definition that could be used for a domain dictionary or a terminological database. It can be also applied to domain-
specific ontology building or unsupervised document clustering.

Move

to move some gas,
liquid or solid because
of some force

Erupt
[ ]

0 move suddenly some} to move solid or liquid
gas, liquid or solid substances over a large
because of some force area

Eject|

Spread|

to send out gas, heat,

to send out gas or

to send out gas or
liquid substances under

0 push or force solid or|

light, sound, etc. liquid substances a pressure “qutlgrf::;:;taanr?:feom
Emit Discharge| Expel| Extrude|

Fig. 5. Verb macro structure and definitions
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5. Conclusion and perspective

The analysis described in this article illustrates the steps that should be followed to automatically obtain the
semantic hierarchy and argument patterns within a specialized subdomain. The protocol has two advantages. On the
one hand, it is a first step towards building a corpus-based ontology of concepts coupled with their definitions. On
the other hand, it reveals the potential of verbs to combine in argument patterns of a certain semantic type.

Such a tool has a practical application both in Terminology and in Natural Language Processing. It can be used as
an independent module, as well as an automatic terminology extraction tool. In the first case, it can be applied to
domain-specific ontology building and to the specification of verb entries. In the second case, the module helps with
the selection of verbs in specialized texts and the automatic recognition and organization of terms. Future research
will focus on the protocol-based tool development.
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