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Abstract

Language technologies are gaining momentum as textual information saturates social networks and media outlets, compounded
by the growing role of fake news and disinformation. In this context, approaches to represent and analyse public speeches,
news releases, social media posts and other types of discourses are becoming crucial. Although there is a large body of
literature on text-based machine learning, it tends to focus on lexical and syntactical issues rather than semantic or pragmatic.
Being useful, these advances cannot tackle the nuanced and highly context-dependent problems of discourse evaluation that
society demands. In this paper, we present IAT/ML, a metamodel and modelling approach to represent and analyse discourses.
IAT/ML focuses on semantic and pragmatic issues, thus tackling a little researched area in language technologies. It does so by
combining three different modelling approaches: ontological, which focuses on what the discourse is about; argumentation,
which deals with how the text justifies what it says; and agency, which provides insights into the speakers’ beliefs, desires
and intentions. Together, these three modelling approaches make IAT/ML a comprehensive solution to represent and analyse

complex discourses towards their understanding, evaluation and fact checking.

Keywords Natural language - Discourse - Argumentation - Ontologies - Metamodel - IAT/ML

1 Introduction

When we use language to communicate, we are doing dif-
ferent things at the same time. We are transmitting certain
information to specific listeners, we are performing an action
(e.g. warning someone that they might be in danger), and we
are showing what we think to others (e.g. as a member of
the health and safety team). Thus, the use of language is a
practice, a “game” [68], which is guided by a set of implicit
and explicit rules that determine who has acted appropriately
and who has not, who is accepted in the group and who is
not [20]. Discourse analysis focuses on the study of language
in use, unpacking the discourse structures or strategies used
in a specific context to communicate something and under-
stand how it is done. This is useful in a number of ways: to
gain a deeper understanding of complex discourses, to check
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how well supported a claim is, or to develop a diagnosis and
action plan for complex and polarised social issues such as
migration or surrogacy motherhood.

However, discourse analysis is a hard task. It relies on an
empirical analysis that goes beyond the automated applica-
tion of quantitative measurements (such as word frequencies)
and requires a theoretically grounded qualitative analysis
to unpack the subtle strategies and patterns that are used
to deliver a specific message to the audience and produce
an impact on them. Therefore, discourse analysis requires
the combination of quantitative methods to collect a rep-
resentative and reliable selection of fragments of text and
qualitative ones to manually analyse the selected texts under
the umbrella of a specific theory. Thus, we propose to adopt
a domain-specific approach to support the process of manual
discourse analysis. To achieve this goal, this paper presents
a formalised approach for discourse analysis that combines
quantitative and qualitative techniques and is built upon
three analysis perspectives: ontological, argumentation and
agency.

The goal of ontological analysis is to capture the enti-
ties in the world that are referred to by the discourse and
describe them via a conceptual model. Note that, here, we
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use the terms “ontology” and “conceptual model” as equiv-
alent, following [21]. The model developed as a result of
ontological analysis must contain enough information as to
allow users to reason about it and then apply conclusions
of this reasoning back to the “real world” [22]. The result
of ontological analysis is an ontology or conceptual model.
Usually, one ontological model is enough to describe the
part of the world that is described by a set of texts under a
common theme. For example, when analysing a collection of
texts about mass migrations, a single ontology should suffice.
Only in cases where texts deal with clearly different subjects,
multiple ontologies would be advisable.

The goal of argumentation analysis, in turn, is to unpack
the structure of the argumentative discourse to determine the
speakers’ main claims and describe how they are being jus-
tified, supported or attacked by other claims. The result of
argumentation analysis is presented as a network of elements
loosely based on Argument Interchange Format (AIF) [10]
and is called an argumentation model. As opposed to the case
of ontologies, one argumentation model is usually neces-
sary for each individual text, because argumentation models
describe the specific argumentative structures employed by
each speaker in specific situations.

Finally, the goal of agency analysis is to gain insights into
the beliefs, desires and intentions of the speakers in order to
capture the social and political implications of the discourse
and, potentially, intervene in order to mitigate potential injus-
tices or biased controversies [20]. Results of agency analysis
are usually expressed in structured natural language, guided
by a set of questions that are to be answered from the text
being analysed. A single agency model can be developed for
a set of texts if these texts involve the same, or similar, agents,
and discuss the same things.

Each of these three analysis approaches can be applied
independently to a specific piece of text, obtaining a valu-
able result by itself. However, it is by combining the three
together that we obtain the maximum potential of the pro-
posed approach in terms of reproducibility and reliability, as
many tasks of one type of analysis become easier and more
reliable if we use the results of other types of analysis as
input.

Finally, the three analysis approaches are connected
together by a fourth sub-domain, context. Context analy-
sis entails identifying and describing the overall situation
where a discourse takes place, in terms of the issues being
addressed, the themes being discussed, the positions being
defended or attacked, and the agents doing all this. As further
sections will explain, the integration of ontological, argumen-
tation and agency analysis via context modelling is the major
strength of IAT/ML, and something that distinguishes it from
any other existing approach to discourse analysis.

When considering the pros and cons of discourse analy-
sis as practised today, we grew interested in knowing how
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well existing approaches cover the needs of practitioners
(and what gaps exist), how feasible it would be to integrate
the three modelling perspectives described above under a
single method, how easy would be to develop an accompa-
nying software tools, and how the overall approach would be
kept modular and simple enough as to be adapted to varying
needs. These concerns crystallised in the form of research
sub-questions as described in Sect. 3.

The remainder of this article is organised as follows.
Section 2 presents previous work and contextualises our
proposal. Section 3 describes the requirements of the new
approach as well as the methodology that was employed to
develop it, focusing on design science. Section 4 presents
the proposed approach in terms of its metamodel. Section 5
presents a case study that illustrates the proposed approach
in practice. Section 6 provides details on further validation
efforts, including application to different research contexts,
teaching and tool implementation. Finally, Section 7 presents
some conclusions and future lines of work.

2 Previous work

Numerous frameworks for ontological, argumentation and
agency analysis exist in the literature. In every case, these
frameworks have been developed without considering pos-
sible connections between them. The Integrated Argumenta-
tion Model (IAM) [17] is the only approach, to the best of
our knowledge, that combines ontological and argumentation
analysis to some degree.

Firstly, and in the realm of ontological analysis, a vast
body of literature exists on ontology engineering and con-
ceptual modelling. Although these two strands of work come
from different historical backgrounds and traditions, more
recent works [21, 35] have shown that ontologies and con-
ceptual models are very similar kinds of artefacts and, to most
purposes, completely equivalent. Consequently, we will not
make big differences between these two research traditions
and jointly refer to them as “ontological analysis”. Having
said this, we must emphasise that “ontological analysis” in
this paper refers to the development of human-oriented con-
ceptual models rather than machine-oriented computational
models. Approaches such as OntoUML [58] or ConML [38]
are much closer to what IAT/ML needed than, for example,
OWL [69] or RDF [70].

Complementary to these approaches, we should mention
Named Entity Recognition (NER) from the field of Natural
Language Processing (NLP). NER’s main aim is to automat-
ically identify and classify the entities that are mentioned in a
piece of text [2]. In principle, this would be valuable to an ana-
lyst who is aiming to identify entities by hand. However, most
of the current NER techniques are only capable of recognis-
ing entities of a very limited range of pre-defined types, such
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as places or people’s names [44]. However, ontological anal-
ysis as part of discourse analysis requires a broader and richer
range of entities. Going beyond this limitation in NER is a
highly expensive and time-consuming process [47]. More-
over, doing this would involve corpus-dependent training of
the NER algorithm, which makes it even less attractive for
IAT/ML.

Secondly, argumentation analysis is also a field with along
research tradition. For this proposal, we focus on approaches
that emphasise its communicative dimension and have some
computational development, such as those of Perelman &
Olbrechts-Tyteca [48] or Toulmin [59]. The Interchange
Argument Format (AIF) [10] constitutes a milestone in this
regard. AIF defines an abstract language for the represen-
tation and exchange of argumentation data and aims to be
a standard in the argumentation community. Its core ontol-
ogy defines three main categories of concepts: (i) arguments
and argument networks; (ii) communication; and (iii) con-
text. Arguments are represented as directed graphs, where the
nodes stand for information contents (such as an utterance or
a proposition) or the application of an argumentation pattern
or scheme. Communications capture how the production of
utterances and dialogue evolves, representing them in terms
of protocols and sequence of utterances. Lastly, contexts can
capture the non-strictly linguistic elements that play a role in
the elaboration of arguments, such as speakers backgrounds
or personal commitments.

Several different contemporary theories of argumentation
have adopted AIF as their underlying ontology. One of them,
Inference Anchoring Theory (IAT) [51], aims to capture
how propositional reasoning involved in argumentation is
anchored in discourse. IAT has been used by us to define
the backbone of argumentation analysis in IAT/ML, and the
name “TAT/ML” is a sign of this. Separately, the Periodic
Table of Arguments (PTA) [64], which focuses on natural
discourse as well, defines a categorisation and a procedure
for a systematic analysis and evaluation of arguments based
on identifying some internal characteristics in every argu-
ment. The Comprehensive Assessment Procedure for Natural
Argumentation (CAPNA) [37], another systematic method
for argument analysis and evaluation, analyses the semantic
content of arguments to offer a reliable evaluation, as well
as the argument structure. All these approaches focus exclu-
sively on argumentation analysis.

In the NLP field, argument mining is the research topic
that addresses the same goal of argument analysis: the iden-
tification, extraction and structural analysis of arguments
expressed in natural language [43]. As described in [43], var-
ious approaches can be found in the literature, ranging from
the most basic, where the main goal is to identify which text
fragments are argumentative and what their components are
by using argument indicators [56] to the most advanced that
try to identify what type of argumentation scheme is being

applied in each case [71]. For the goals of IAT/ML, argu-
ment mining techniques are of limited application, as they
are not accurate enough to be relied upon with no human
supervision.

Thirdly, agency analysis, as defined in this paper, has
little representation in the literature, as it constitutes an orig-
inal development of the authors. However, it is strongly
inspired by critical discourse analysis (often abbreviated as
CDA) and, more recently, critical discourse studies (CDS)
[73], which are indeed well-known approaches in linguis-
tics and for which significant literature exists. CDA can be
characterised as an interdisciplinary field, usually involving
semiotics, anthropology, psychology, communication stud-
ies, and related fields. Gee [20] proposes a framework based
on critical questions that address seven aspects: significance,
practices, identities, relationships, connections, sign systems
and knowledge. Johnstone [41] follows a more linguistic
approach, based on Speech Act Theory [3, 4] and Grice’s
theory of meaning [31]. CDA’s main assumption is that
meanings strongly depend on speaker’s intentions, which
are captured by the illocutionary forces and the conversa-
tional implicatures (i.e. information that is implied rather
than explicitly said), so these become the focus of critical
discourse analysis. Agency analysis in IAT/ML takes some
aspects of CDA, such as the process of “asking the text” a
set of predefined questions, but avoids much of the politi-
cal and ideological positioning and activism that are usually
associated with the latter.

There are relevant works in the literature that do not cor-
respond clearly to any of the three perspectives that we have
identified (ontological, argumentation, agency). One exam-
ple is the gIBIS approach [12], which aims to capture and
represent the deliberative process as it occurs, and is ori-
ented to intervene and help during a live process of decision
making. IAT/ML, however, is more oriented to a forensic
analysis, that is, to describe and analyse the discourse once
it has happened rather than intervening while it occurs. Still,
gIBIS shares some interesting ideas with IAT/ML, such as the
notions of position (a statement or assertion which resolves
the issue) and argument (as a support for a position). As a
relevant difference, gIBIS focuses on argumentation analysis
and does not address ontological or agency analysis, whereas
IAT/ML contemplates all of them.

Finally, it is worth mentioning that, despite the conceptual
similarities between IAT/ML, especially its agency analysis
components, and multi-agent systems (MAS), we have not
found much relevant literature in the domain of MAS that
could be applied to IAT/ML. This is probably due to the fact
that MAS are not centrally discursive in their nature, that is,
the interactions between (artificial) agents are not linguis-
tic but formal, i.e. they exchange information without the
use of natural human language. Contrarily, IAT/ML is ori-
ented towards human discourse, which involves the nuances,
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intricacies and ambiguity that are characteristic of human
language but mostly absent in MAS.

3 Development process

In this section, we describe why we decided that a new
approach to discourse analysis was necessary, what require-
ments it had, and what process we followed to create it.

3.1 Motivation and requirements

The current theory and practice of discourse analysis, as
described in the previous section, showed that several sig-
nificant issues remained unsolved:

e Discourse analysis is systematically carried out from a sin-
gle perspective, with very little or no cross-checking with
other perspectives. For example, argumentation analysis is
often performed with little or no attention to what the text
refers to (ontology) [23], and critical discourse analysis is
done with little or no regard to argumentation. This frag-
mentation of views hinders the robustness of the results
and makes them more error prone.

o Critical approaches to discourse analysis are highly subjec-
tive, and yield results that are often criticised as not being
traceable or replicable because they depend as much on
the analyst as on the discourse being analysed [7].

e Most of the critical discourse analysis techniques that are
being used lack proper formalisation, documentation and
methodological guidance. This means that they are dif-
ficult to understand, adopt, integrate and implement in
software tools.

These issues motivated us to tackle the development of
a new discourse analysis approach with the following pur-
pose: the new approach must allow a trained analyst to obtain
a deep and nuanced understanding of a corpus in terms of
issues, themes, positions and agents, and by using ontologi-
cal, argumentation and agency analysis. The new approach is
especially oriented towards polarised social issues, although
it is applicable to any other domain of discourse.

The major requirements of this new approach were defined
as follows:

A. The new approach must integrate at least three mod-
elling perspectives under a common and inter-connected
metamodel: ontological (what the text is about), argu-
mentation (how the speakers justify what they say) and
agency (what are the beliefs, desires and intentions of
the speakers). This will benefit robustness of results and
help cross-validate them from different perspectives.
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B. The new approach must produce results that are traceable
to intermediate products (such as ontological, argumen-
tation and agency models) and eventually to the text
itself, so that anyone can understand how they have been
constructed and why. This will help with replication and
explainability, especially across analysts.

C. The new approach must be documented by a series of
conceptual, procedural and technical specifications that
can serve as guidelines to people willing to adopt the
approach or implement it as part of software tools. This
will facilitate adoption and implementability.

D. The new approach must be as compatible as possible
with the major existing approaches, such as IAT for argu-
mentation analysis and ConML and similar for ontology
analysis. This will also facilitate adoption.

E. The new approach must be flexible enough as to be
customisable to different projects and settings, allow-
ing users to add or remove components, or integrate it
with other techniques. This will also help with imple-
mentability and adoption.

The next sub-section briefly describes the users and stake-
holders that are targeted by IAT/ML.

3.2 Users and stakeholders

As part of the development process, we liaised with the Out-
reach Unit at Incipit CSIC (were two of the authors work)
plus Oxentia Ltd., a private firm in the UK specialising in
knowledge transfer, to develop a map of potential users and
stakeholders of IAT/ML. We present a summary of this work
here for information on who is expected to use IAT/ML, how,
and for which purpose.

The first and obvious stakeholder and user of IAT/ML
are researchers interested in discourse analysis. Research
concerns are related to the empirical production of rigorous
knowledge that involve disagreement and conflict. As part of
the pursuit of this aim, new tools and methods must be learnt,
as well as the development of solid arguments to persuade
others of the thesis on which the research is based on. As
part of academia ourselves, we understand the difficulty to
convince others (academics or the general public) of our con-
clusions, as well as the time needed and propensity to make
mistakes when producing new knowledge in absence of a
clear and solid methodology, especially when it is not sup-
ported by software tools. The approach presented here helps
relieve these issues, since it is based on a rigorous discourse
analysis methodology that includes argumentation analysis
and is supported by a software tool to develop the analysis.
We have developed a training programme in the method and
tool, as well as a consultancy programme to assist other aca-
demics with their research problems. Please see Sect. 6 for
more details on this.
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A second stakeholder is content creators, which includes
journalists, reporters, or even activists involved in spreading
knowledge related to complex social issues such as prosti-
tution, racism, or dissonant cultural heritage. Understanding
and presenting issues like these is extremely complex when
they are highly polarised. In particular, it is complicated to
select and integrate reliable sources, to find points of agree-
ments, to reconcile positions and to be objective and avoid
injecting a strong personal bias into the report or news piece.
Stakeholders of this kind are not expected to become users of
IAT/ML or LogosLink themselves, but to become customers
of a consultancy service that can provide traceable and rigor-
ous discourse analysis on demand and about the very specific
topics that are required.

A third stakeholder is composed of politicians, who are
hopefully interested in solving social issues. When devel-
oping public policies that affect many people it becomes
necessary to gather, understand and integrate distinct per-
spectives from different agents, and manage them with solid
motivations. Through the IAT/ML analysis would be possible
to produce an action plan including options plus conse-
quences based on topics, positions and agents involved. We
also propose training on how to argue better. Like in the
previous case, politicians are not expected to be users of
IAT/ML or LogosLink. Rather, technical advisors and staff
would become customers of a consultancy service that can
provide the necessary know-how.

Finally, Oxentia proposed the police and judiciary as a
fourth kind of stakeholder. There are three areas where our
proposal is interesting for this community. Firstly, police and
judges have a strong relationship with argumentation in terms
of understanding and assessing of the strengths and weak-
nesses of witnesses, expert reports and other documents in
order to arrive to a verdict or conclusion, as well as in finding
weak spots in arguments made by opposing lawyers. Sec-
ondly, police and judges must develop solid justifications to
support their verdicts, decisions and actions. And, thirdly,
judges must often assess whether a particular discourse con-
stitutes a crime for defamation, hate speech or incitement to
violence. In this sense, our proposal provides help to formu-
late detailed characterisations of the argumentation used in
each discourse and training on how to improve argumentative
practices.

We have taken some steps to approximate IAT/ML to these
four kinds of stakeholders. Academia and content creators,
more precisely fact-checking journalism, are the fields where
the methodology is starting to have an impact through work-
shops and the relations established through different projects
where the authors participate; please see Sect. 6.2 for details.
Approaching politicians and the police and judiciary has
shown to be more difficult, and we are considering additional
avenues such as forensic linguistics.

Environment

I
I
I
I
I
: Mental States
I

I

Fig. 1 Environment, mental states, discourses and actions (EMDA),
plus the relations between them, constitute the focus of IAT/ML. Arrows
represent influences

The next sub-section describes the theoretical background
that was adopted for IAT/ML in the light of its requirements
and users and stakeholders.

3.3 Theoretical underpinnings

IAT/ML is a methodology for discourse analysis. As such, it
deals with discourse, understood as the practical and socially
situated use of human language for communicative, prag-
matic and symbolic purposes [20]. As a human activity,
discourse implies the existence of agents, at least a speaker,
who produces the discourse, and a receiver. Agents, in turn,
produce at least two additional phenomena: mental states and
actions. Mental states include beliefs, emotions, desires, and
intentions [6]. Discourses produced by an agent are based on
their mental states, that is, we often say what we think, want
or plan to do. However, this does not mean that discourses
faithfully follow our mental states all the time; in fact, people
often speak words that do not match what is in their minds.

With regard to actions, the actions carried out by agents
are often compatible with their mental states and discourses
but, again, not always, as people sometimes do things that
are not aligned with their thoughts or verbal commitments.
Reverse connections are also relevant. For example, behav-
ing in certain ways usually compels us to produce certain
discourses, and even perhaps to think in certain ways. Mental
states, discourses and actions occur within a given environ-
ment, composed of social and cultural elements that mediate
what we think, say and do. Actions, in turn, modify this envi-
ronment. In this manner, environment-situated mental states,
discourses, and actions (EMDA for short) constitute the focus
of IAT/ML, as shown in Fig. 1.

Consider the following example. Imagine a person who
believes that everyone should have the same rights and be
treated equally regardless of their ethnicity, sex or religion.
This person is likely to state these beliefs when asked. How-
ever, they may prefer locals as opposed to immigrants when
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looking for a carer for their children, perhaps due to mistrust
and prejudice fuelled by mass media. This preference may be
manifested as a systematic trend to hire only locals despite of
the availability of immigrant carers. When confronted with
this by peers, this person may rationalise their behaviour by
using a discourse that justifies their choices.

In this scenario, mental states, discourses and actions
occur in inter-related manners, sometimes aligned, some-
times not. IAT/ML is designed to look at how discourses are
aligned or misaligned with mental states, and to what extent
actions are aligned or misaligned with mental states and dis-
courses. By “aligned” here we mean that a manifestation is
complete and truthful. For example, a fully aligned discourse
is one that exposes everything that the agent thinks about
something, and nothing that the agent does not think. Simi-
larly, a fully aligned action is one that exercises everything
the agent thinks and has said about something, and noth-
ing that the agent does not think or has not said. Of course,
alignment is gradual and nuanced, rather than binary.

In this manner, IAT/ML focuses primarily on analysing
the discourses, and from them reaches into the mental states
and actions of agents. In particular, ontology analysis focuses
on representing the mental states (and, especially, the beliefs)
that are exposed by discourses. Argumentation analysis, in
turn, tries to understand how agents justify their claims and
what strategies they use to support or attack other discourses.
And, finally, agency analysis aims to represent the rela-
tionships between agents’ mental states and their intended
actions, together with enough information about the environ-
ment so that actions can be contextualised. In this manner,
each element in the EMDA framework is addressed by one or
many of the modelling approaches (ontology, argumentation
and agency), albeit to different degrees.

This inclusive conception of discourse analysis, involv-
ing mental states and actions as well as discourse itself, is
compatible with the usual descriptions of discourse analysis
in terms of “saying, doing and being” [20], where “saying”
refers to the discourses, “doing” to the actions, and “being”
to the mental states of the agents.

Each of the three analysis approaches (ontology, argu-
mentation and agency) is supported by some theoretical
commitments, which are briefly described in the remainder
of this section.

3.3.1 Ontologies

IAT/ML uses the word “ontology” as synonymous with “con-
ceptual model”, following [21]. In this sense, an ontology is
a model of a section of the world that focuses on the things
that make it up, their properties and relationships. We use the
word “thing” as it is usually employed in philosophy, i.e. to
refer to discrete segments of the world that we can perceive
and “pick out”. We adopt the classical view that some things
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in the world are types and some are tokens [66]; types cor-
respond to categories or classes, whereas tokens correspond
to instances or individual objects that can be assigned one or
more types. Types, in turn, can be organised in subtyping or
subsumption hierarchies.

However, and as opposed to many mainstream modelling
languages, we adopt in IAT/ML a multi-level modelling
approach [11, 54] by which types are subtypes of tokens. In
other words, a type in IAT/ML can be an instance of another
type, and so on and so forth. This allows for more expressive
and natural ontologies in situations where powertypes [28]
are being dealt with, e.g. when describing an animal species
such as Dog as both a token (an instance of AnimalSpecies)
and a category (a subtype of Animal).

In addition, types can be described through features, which
include properties (which are qualities or quantities) and con-
nections (which point to other types). In parallel, tokens can
be described through facets, which include values (instances
of properties) and references (instances of connections).
Please see [22] for a detailed description of this.

3.3.2 Argumentation

Argumentation in IAT/ML is strongly based on argumenta-
tion theory and, in particular, on the Argumentation Inter-
change Format (AIF) [10], which, despite its name, is an
abstract model of argumentation as well as a data exchange
format. For AIF, argumentation can be represented as a
collection of propositions (i.e. statements by one or more
speakers) connected by argumentation relationships. These
relationships include inferences, which indicate that one or
more propositions support another one; conflicts, which indi-
cate that a proposition is incompatible with another one; and
rephrases, which connect a proposition to another one that is
being recast or reinterpreted in some way.

To this basic framework, IAT/ML adds the innovative
notion of ontological proxies [23]. These are simplified rep-
resentations of ontology elements inside an argumentation
model, which work as anchors for denotations, that is, the
semantic connections between a term in a locution and the
concept represented by an element in the corresponding
ontology. As we explain in Sect. 4.3, ontological proxies
allow the formal and practical connection between the onto-
logical and argumentation domains, which are often treated
separately in the literature and in the practice of discourse
analysis.

3.3.3 Agency

In TAT/ML, an agent is an entity that has mental states
(at least beliefs, desires and intentions) plus the ability to
act according to them. Consequently, IAT/ML adopts the
beliefs/desires/intentions model popularised by Bratman [6]
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and widely adopted in multi-agent systems (MAS) engineer-
ing [5].

In addition, agency analysis in IAT/ML borrows some
aspects from critical discourse analysis (CDA) [15, 73], as
indicated in the Introduction. However, and due to the very
post-modern stance of much of the literature on CDA, it is
extremely difficult to provide a formalised account of what
constitutes the core concepts of this approach [7]. IAT/ML
adopts the notion that a set of questions are asked against the
text being analysed, and responses to these questions, elab-
orated by the analyst, constitute the results of the analysis.

The next sub-section describes how the requirements
described above were used to develop IAT/ML based on
these theoretical underpinnings and for the identified users
and stakeholders.

3.4 Design science

Once the requirements and the theory were clear, our starting
point was that a domain-specific approach was to be built to
support the entire process of discourse analysis, including
ontological, argumentation and agency modelling. In work-
ing through the methodology, the issue appeared of whether
IAT/ML constituted a domain-specific modelling language
(DSML) or not. This issue is not central to this paper but,
from a methodological point of view, we considered that
it would have been a mistake to not consider guidance on
DSML development for the creation of IAT/ML.

We started off with the abstract research question of
whether it is possible to develop a domain-specific approach
to support the process of discourse analysis in an integral
fashion, reconciling ontological, argumentation and some
aspects of critical analysis (later renamed “agency analysis”).
In order to address this, some research sub-questions (RSQ)
were raised:

1. (a) What concepts and patterns are found in the discourse
analysis process and its domain that are common to exist-
ing approaches? and (b) Which ones we do not find in
existing approaches, but are necessary after our experi-
ence analysing discourses? (Requirement D)

2. Can we develop a domain-specific modelling language
that fully describes and supports both the discourse analy-
sis domain as well as the process for the three perspectives
(ontological, argumentation and agency)? (Requirement
A)

3. Is it viable to implement this language in a modelling
tool? (Requirement C)

4. What degree of coverage and traceability does this lan-
guage offer for the needs of discourse analysis? (Require-
ment B)

5. How viable, and at what cost, is to customise the language
in order to cater for specific situations and project needs?
(Requirement E)

Following Design Science [36], our main research ques-
tion (and the subsequent sub-questions) implies the construc-
tion of an artefact (namely, a DSML, or something like it).
Technical Action Research (TAR, [67]) has been used to
answer research questions through artefact construction in
other domains such as smart cities or health [42, 53], so we
adopted it, as it would allow us to integrate the construc-
tion of the DSML into ongoing research projects. In this
sense, the initial versions of IAT/ML constituted an artefact
at the service of practitioners in ongoing discourse analy-
sis projects for experimentation and improvement. These
projects, due to their very interdisciplinary nature (cul-
tural heritage, feminist identities, and communication of
the COVID-19 pandemic) brought together professionals of
different backgrounds, including linguists, cultural heritage
specialists, philosophers of language and software engineers,
which broadened and generalised the domain of application
of the approach and allowed its validation by different stake-
holders in later phases. By applying TAR, it was possible
to integrate the process of developing IAT/ML into our own
research process, thus being able to respond to the SRQs
listed above.

There is no single or optimal methodology for DSML
development, and approaches vary enormously, ranging
from ad hoc proposals [13, 72], to those based on patterns
[49], ontologies [32], or more oriented towards meeting the
requirements of practitioners [19]. In our case, the empir-
ical and incremental nature of the development of IAT/ML
motivated the choice of an approach focussed on meeting the
needs of practitioners, in our case team members who were
performing discourse analysis tasks. Taking Frank’s method
[19] as a reference, Fig. 2 illustrates the process followed for
the design and development of IAT/ML.

Phase 1: clarification of scope and purpose. In this phase, we
defined the scope of IAT/ML [29] by working with language
and discourse experts working in the above-mentioned ongo-
ing projects. We performed some gap analysis in relation to
existing discourse analysis techniques, mostly IAT [8].
Phase 2: analysis of generic requirements. In this phase, we
developed business-level requirements and a draft list of con-
cepts that would be necessary to support discourse analysis
from the described three perspectives.

Phase 3: analysis of specific requirements. In this phase, we
developed a sketch metamodel for IAT/ML as well as a list of
functional requirements that should be supported by IAT/ML,
such as computation of argumentation statistics or argument
structure analysis.
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External corpus (feminist
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%

Fig. 2 IAT/ML design process, based on Frank’s method. Grey shapes depict Frank’s process, whereas red rectangles show IAT/ML development

phases and specific results for each one

Phase 4: language specification. In this phase, we defined the
IAT/ML metamodel as described in Sect. 4 of this paper. We
also cross-validated the concepts, relationships and implica-
tions of the metamodel with project team members in terms of
the required linguistic and discursive concepts. For some of
the underpinning concepts, such as that of ontological proxy
[23], we needed to go back to phase 3 and revisit existing
requirements for their refinement and adjustment.

Phase 5: design of graphical notation. In this phase, we
sketched some ideas for a graphical notation, mostly inspired
by IAT [8] and ConML [38], and validated them with project
team members for usability and acceptance.

Phase 6: development of modelling tool. In this phase, we
initiated the development of LogosLink, a software toolset
that implements most of IAT/ML. This required achieving
a moderately stable metamodel so that software develop-
ment could proceed on acceptably solid grounds. Section 6.1
briefly describes LogosLink.

Phase 7: evaluation and refinement. The evaluation of a
DSML and a corresponding modelling tool recommends
checking them against the requirements building on the
use scenarios created for requirements analysis. As Frank’s
method specifies, each use case serves to analyse whether and
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how corresponding requirements are satisfied by the DSML.
In our case, the stable IAT/ML version was validated with
respect to the initial requirements by the team members of
the project for which IAT/ML was being experimentally used,
as an initial way of verifying whether the general and specific
requirements were met. Luckily, a project revolving around a
new discourse analysis theme, that of feminist identities, was
launched at that time, which allowed us to validate IAT/ML
and LogosLink with a corpus and in relation to a topic that
was radically different to those used during its initial devel-
opment.

SRQS5 was addressed during the application of the lan-
guage, as described in Sect. 6. The IAT/ML metamodel is
presented in the next section.

4 Results

IAT/ML is inspired by the IAT argumentation analysis
approach [8, 40] as well as the ConML conceptual mod-
elling language [24, 38]. As explained before, IAT/ML covers
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Fig.3 Metamodel architecture of IAT/ML. Boxes represent compo-
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ontological, argumentation and agency analysis, plus con-
text analysis as an inter-connecting infrastructure. Thus, the
IAT/ML metamodel is composed of four components:

e Context which contains elements related to the overall con-
text where the discourse takes place, including the themes
it describes, the different positions being discussed, and
the agents supporting or attacking each position.

e Ontology which contains elements related to the ontology
being referred to by the discourse, including elements such
as categories, properties, associations, atoms, values and
links.

e Argumentation which contains elements related to the
argumentative structure of the discourse, including the
locutions and transitions uttered by speakers, the result-
ing propositions and argumentation relations such as
inferences, conflicts and rephrases, and the connecting illo-
cutionary forces. Argumentation elements are connected
to ontology elements via denotations.

e Agency which contains elements related to the beliefs,
desires and intentions of speakers, including entities that
they mention, questions and their responses.

These components are organised in a metamodel as shown
in Fig. 3.

This metamodel is used to provide a formalised view of
the domain of study, namely human discourse. Furthermore,
the metamodel is used to provide guidance to stakeholders on
how to carry out discourse analysis, in the form of a method-
ology. And, thirdly, the metamodel is used as the structural
backbone of the LogosLink software tool, described in fur-
ther sections.

Using the metamodel to carry out discourse analysis
involves both a manual (i.e. human-based) plus an automated
phase. Instantiating the metamodel to construct context,
ontology, argumentation and agency models is a time-
consuming process that must be carried out by experienced
human analysts. Once these models are available, then com-
puterised tools can process them to obtain a wide range of
analytical results (such as semantic collocations, argumenta-
tion structure or agent centrality) that would be impossible to
obtain from the source texts alone with today’s technologies.

The following sections provide additional details on each
component of the metamodel. Diagrams are expressed in
ConML [24, 38].

4.1 Context

This component contains metamodel elements related to the
context in which the discourse takes place. Figure 4 depicts
the major metamodel elements.

Contexts are described by using elements of four related
types. An issue is a socially relevant problem or situation that
is going to be addressed, such as “How can we guarantee
safe food and water in developing countries?” or “What are
the main drivers of present mass migrations?”. A Theme is a
domain of discourse about which things can be said. Example
themes are “International Politics” or “Feminism”. Themes
can be nested within themes to cater for more general and
more specific domains of discourse.

Each theme may involve positions and agents. A Position
is a statement that expresses a belief that is defended by some
and attacked by some others. For example, the “International
Politics” theme may contain the position “The only solution
for the Israeli—Palestinian conflict is a two-state scenario”.
An Agent, in turn, is a person or group that defends, attacks
or is otherwise involved in a position. Sample agents are
“Immigrant women” or “Nelson Mandela”. Agents can also
be nested within agents to express subgroups of people.

Together, issues, themes, positions and agents characterise
the context where a discourse takes place. Elements in ontolo-
gies, argumentation models and agency models (see next
sections) can be linked to elements in the context for ground-
ing and cross-model connection.

4.2 Ontology

This component contains metamodel elements related to the
ontology referred to by the speakers. Ontologies in IAT/ML
are multi-level, in the sense that multiple levels of instantia-
tion are possible [1, 11]. Also, ontologies in IAT/ML borrow
from ConML [38], which was chosen for its explicit support
for temporality and subjectivity modelling, which are crucial
when representing discourse [25]. As opposed to other mod-
elling languages such as UML, ConML can represent the
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Fig. 4 Metamodel elements in
the Context component
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subjective perspectives held by each agent on each object or
class and refer to them over time. Figure 5 depicts the major
metamodel elements.

There are three kinds of ontology elements: entities, fea-
tures and facets. An Entity is an ontology element that
represents an identity-bearing thing in the world. Note that
entities can be linked to themes, positions and agents in
the underlying context, as entities in an ontology can rep-
resent either of these. There are two kinds of entities: atoms
and categories. An Atom is an entity that represents a
non-instantiable thing in the world. Atoms correspond to
urelements in set theory, or individuals in philosophy. A Cat-
egory, in turn, is an entity that represents a class of things
in the world. Categories correspond to sets in set theory or
universals in philosophy. Categories work as types in relation
to entities, so that entities (either atoms or categories) can be
instances of categories. Also, categories can be arranged in
subtyping hierarchies, and multiple inheritance of features
and facets is supported.

A Feature is an ontology element that represents a type
of predication on entities of a given category, that is, some

@ Springer

shared property of all instances of a category. There are two
kinds: properties and connections. A Property is a feature
corresponding to quantities or qualities of the entities of the
category, such as “Height” for the “Person” category. This is
very similar to the concept of “attribute” in other modelling
languages such as UML or ConML. A Connection, in turn, is
a feature corresponding to relationships of entities of the cat-
egory to entities of another category, such as “IsLocatedIn”
for “City” towards “Country”. Connections are directional
and are paired up to constitute bidirectional Associations.

Features work as types of facets. A Facet is an ontol-
ogy element that represents a predication on an entity in
the world, regardless of whether it is a category or an atom.
There are two kinds of facets, corresponding to the two kinds
of features: values and references. A Value is a facet cor-
responding to a quantity or quality of an entity, such as
“Alice.Height = 171”. A Reference, in turn, is a facet cor-
responding to a relationship of an entity to another entity,
such as “Rome.IsLocatedIn = Italy”. References, like con-
nections, are unidirectional, so they are paired up to constitute
bidirectional Links.
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Fig.5 Metamodel elements in the Ontology component
Drawing from ConML, IAT/ML ontology modelling pro-  can pertain to one (or even multiple) agents. For example,
vides support to describe existential and predication subjec-  “Barak Obama” could be linked to agents “US Politicians”

tivity and temporality [25], so that a modeller can record in ~ and also “African Americans”. Two kinds of elements may
a model when something is the case (when an entity exists, exist to describe what a speaker says: locutions and transi-
or when it has a particular property), or according to whom  tions. A Locution is an utterance made by a speaker in the

(according to whom it exists or has a particular property). discourse, whereas a Transition is a discursive relationship
The case study presented in the next section provides more  between locutions. Transitions show discursive dependen-
details and illustrations of this. cies and do not necessarily correspond to the chronological

order of the discourse (which is given by timestamps of locu-
tions), but must be compatible with it. Transitions provide
the links that help the interpretation of a locution in relation
to immediately related ones. For example, transitions of the
Adding type indicate that a speaker adds something to what
they said before; transitions of the TurnTaking type indicate
that a speaker is talking after another speaker has finished.
By combining locutions and transitions, we can represent a
discourse as a sequence of utterances connected in a linear
fashion, with the occasional branch for embeddings (such as
in appositions, e.g. “My sister, who lives in France, will be
arriving tomorrow”’) or reportings (e.g. “Clinton said yester-
day that she is not worried about the escalating tensions”).

4.3 Argumentation

This component contains metamodel elements related to the
literal discourse as spoken by speakers, plus the argumenta-
tion elements and relationships employed by them. Many of
these elements have been taken from IAT [8, 9], which has
been thoroughly applied in practice and validated [52, 57].
Figure 6 depicts the major metamodel elements.

A Speaker in an argumentation model is an individual or
group who participates in a discourse by speaking locutions
and issuing propositions. Speakers can be linked to agents
in the underlying context, to capture the fact that a speaker
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Fig. 6 Metamodel elements in the Argumentation component

In addition, two extra kinds of elements may exist in
relation to the argumentation itself: propositions and argu-
mentation relations. A Proposition is an argumentation unit
corresponding to a state of affairs about the world. Propo-
sitions are self-contained and do not include unresolved
references (such as anaphoric or deictic elements), so that
their truth value is stable and as independent of the context
as possible. Propositions can be characterised in a num-
ber of ways via attributes such as StatementType (fact or
value), Factual Aspect (existence, identity, predication, etc.),
OntologicalAspect (logically necessary, physically possi-
ble, socially contingent, etc.), Modality (indicative, defini-
tional, noetic, commissive, suggestive, etc.) and Tense (past,
present, future or atemporal). Proposition characterisation
via these properties is very relevant in situations where
different stances on the world are kept by different speak-
ers, allowing the analyst to represent each voice separately.
Propositions can be also linked to themes and positions in the
underlying context, to capture the fact that some propositions
are about certain themes and support certain positions.

An Argumentation Relation, on the other hand, is an argu-
mentation unit corresponding to a connection between two or
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more argumentation units so that some of them are argumen-
tally dependent on others. There are three kinds: inferences,
conflicts and rephrasings. An Inference is an argumentation
relation that indicates that one or more premise propositions
are provided by a speaker to support a conclusion propo-
sition. All the involved premise propositions are implicitly
connected via conjunction. Inferences can be characterised
through a Type attribute, which is based on the subtypes pro-
posed by [61, 65]. A Conflictis an argumentation relation that
indicates that a source proposition provided by a speaker is
in any kind of conflict with a target proposition. Finally, a
Rephrase is an argumentation relation that indicates that a
source proposition is provided by a speaker as a reformu-
lation of a target proposition. Rephrases can be of multiple
types, such as Abstraction (i.e. the speaker repeats the target
proposition but raising the level of abstraction), Agreement
(i.e. the speaker expresses agreement with the target proposi-
tion), or Reinterpretation (the speaker reinterprets the target
proposition by changing its contents without frontally con-
tradicting it, including mechanisms such as analogies, adding
emotional nuance, straw man fallacies, etc.).

To connect argumentation to discourse, argumentation
models may contain illocutionary forces of different kinds.
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An Illocutionary Force is a connection between a discourse
element and an argumentation unit in terms of speaker intent.
They are taken from the ample literature on speech acts such
as [4, 55]. There are different kinds of illocutionary forces;
some of them are always anchored on locutions, whereas oth-
ers are anchored on transitions. Regarding locution-anchored
illocutionary forces, an Asserting is an illocutionary force
indicating that the speaker wants to communicate what they
believe, as in e.g. “Today is a beautiful day”. A Question-
ing is an illocutionary force indicating that the speaker wants
to obtain new information, as in e.g. “What’s your name?”.
A Challenging is an illocutionary force by which a speaker
requests another speaker to produce a new proposition that
works as a premise for a base proposition, as in e.g. Alice:
“Today is a beautiful day”; Bob: “How so?”; here, Bob is
asking Alice to say something that justifies why she said
that today is a beautiful day. Finally, a Popular Conceding
is an illocutionary force indicating that the speaker wants to
communicate that they believe a well-known and commonly
accepted content proposition, as in e.g. “Everybody knows
that the Earth is round”.

Regarding transition-anchored illocutionary forces, an
Arguing is an illocutionary force indicating that the speaker
produces an anchor transition to support a content inference,
as in e.g. “Today is a beautiful day because it’s sunny”.
An Agreeing is an illocutionary force indicating that the
speaker produces an anchor transition to react affirmatively
to a base proposition through a content rephrase, as in e.g.
“Yes, of course”. Contrarily, a Disagreeing is an illocutionary
force indicating that the speaker produces an anchor tran-
sition to react negatively to a base proposition through a
content conflict, as in e.g. “No way!”. Finally, a Restating
is an illocutionary force indicating that the speaker produces
an anchor transition to recast a base proposition through a
content rephrase, as in e.g. “Most large cities are heavily
polluted. In particular, Beijing’s concentrations of nitrogen
dioxide and PM10 concentrations are well above national
standards”’; where the second sentence is rephrasing the first
by providing a particular example.

Locutions can be connected to ontology elements via
denotations. A Denotation is a semiotic connection between a
segment of a locution and a target ontology element. Denota-
tions are based on the concept of ontological proxies [23, 26],
which work to connect the argumentation and ontological
aspects of discourse modelling in a single mesh of relation-
ships so that semantics can be captured and managed.

4.4 Agency

This component contains metamodel elements related to the
beliefs, desires and intentions (BDI) of the speakers in the
discourse. The BDI framework is well-known in the literature
on intelligent agents [6, 50] and was adopted for IAT/ML for

its strong support of agents’ mental states and plans. Figure 7
depicts the major metamodel elements for agency modelling.

Agency models are collections of responses to predefined
questions. Questions, in turn, are organised into question
sets. A Question Set is a collection of questions, option-
ally arranged in Question Groups. Questions may tackle the
beliefs, desires and/or intentions of the speakers in the text
and therefore are equipped with some specific guidance as to
how each contributes to each of the BDI dimensions. Some
example questions may be “What are the most repeating ideas
in the text?”, “What role is played by each agent according to
each speaker?” or “What strategies are used by each speaker
to defend their main thesis?”. Some questions may refer to
one or more Entity Lists, such as “What strategies are used
by each speaker to defend their main thesis?”, which refers
to the list of speakers in the text. There are different kinds
of questions: short text, which are responded via a brief free
text, option list, which are responded by selecting options
from a predefined list, and itemised, which are responded by
freely listing individual items.

Responses, in turn, may refer to speakers, and speakers,
as in the case of argumentation, can be linked to agents in
the underlying context. Responses may also refer to enti-
ties in the associated question’s entity lists, and must be of
the same subtype (short-text, option list or itemised) as their
associated question. Once responses have been developed for
a speaker, the speaker’s beliefs, desires and intentions can be
characterised from the gathered information.

5 Case study

Recent research shows that disinformation constitutes an
extremely important problem in our society, revealing, for
instance, that fake news spread more broadly, deeper, and
faster than truth [63], and that social network posts con-
taining disinformation are 70% more likely to be shared
than truthful posts [18]. This situation constitutes a threat
especially for European democracies, because disinforma-
tion often supports radicalism, opinion manipulation, and
extremism against minorities and vulnerable populations.
The verification of data as a professional task is usually
carried out by media professionals and journalists who must,
very often manually, verify the different sources of infor-
mation about a specific fact, as well as the dissemination
that public figures do about it [62]. As a result, fact-checkers
arrive at a certain conclusion about the degree of truth of
the fact. This conclusion can be binary (true or false) or
gradual. Several works have highlighted the heterogeneity of
sources and processes and the time burden that fact-checking
implies [14, 33], and have tried to assist this process through
modelling and software techniques. Also, large companies
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Fig. 7 Metamodel elements in the Agency component

like Google have technological suites [30] that allow fact-
checkers to manage and tag their sources for more efficient
work organisation.

Even with these tools, fact-checking always involves
intense work on the different discourses about the target fact,
which must be carefully analysed in order to obtain a result
and, above all, to determine the reasons why the result is
what it is [60]. It is this need to justify the verdict in any
fact-checking process that makes fact-checking an excellent
domain for a case study to validate IAT/ML.

Language, being so intuitive to humans, can be deceptive
in what it can hide. For example, the truth or falsehood of
some discourses may look easily decidable by any critical
reader, and discourse analysis may look like a cumbersome
an unnecessary way to restate what a careful reading would
already show. However, having a strong intuition about the
facts presented in a discourse is one thing, but being able to
demonstrate a solid backing for this intuition is a very differ-
ent matter. Using IAT/ML (or any other discourse analysis
approach) is not about affirming what we already believe,
but being able to provide support when challenged, and show
others why we believe what we believe. The following case
study illustrates how to accomplish this.
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5.1 Presentation

In September 2023, some news appeared describing the
expense of over one million US dollars in a Cartier store
by Olena Zelenska, wife of Ukraine’s president Volodymyr
Zelenskyy. According to the news release, the shopping
episode occurred on 22 September 2023 during Volodymyr
Zelenskyy and Olena Zelenska’s visit to New York to par-
ticipate in the UN General Assembly. A former Cartier
employee, who was able to obtain a copy of the purchase
receipt, was involved. According to the international press,
Volodymyr Zelenskyy and his wife landed in Ottawa on 22
September 2023, so it was unlikely that the purchase occurred
on that date. The news, which originated from a Nigerian
newspaper and was echoed by the Russian media, was later
denied by several fact-checking agencies, including Newtral
(www.newtral.es) in Spain.

The selection of this case study responds to the fact that, as
a verified piece of fake news, we were able to study the origi-
nal source and how it was echoed and spread by mass media.
Analysing discourses like this becomes especially important
when the subject matter affects a highly polarised issue such
as the war in Ukraine. At the same time, this is a convenient
example to explore counterarguing, namely the work done
by a fact-checking agency to refute the false claim.
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5.2 Analysis

To address the claim described above, we composed a corpus
of five documents: two pieces reporting the claim, two of the
sources used as evidence to deny it, and a final verdict from a
fact-checking agency, Newtral. The two pieces reporting the
fake news include the original source from The Nation News-
paper in Nigeria as well as one from Rossiyskaya Gazeta in
Russia, who echoed the false claims. Both pieces support
their view on the basis of declarations made by a former
Fifth Avenue Cartier store employee who, as reported, was
fired after Olena Zelenska spent over one million dollars at
the store. Regarding the sources used as denying evidence,
they are from The New York Times in the USA and CTV
News in Canada. The first is a piece of conventional news
explaining Zelenskyy’s visit to Canada and his address to
the Canadian Parliament and provides some context about
Canadian—Ukrainian relations. The second is a summary of
the visit.

5.2.1 Context analysis

The issue being addressed by this case study could be worded
as “How is misinformation being used to smear Ukrainian
politicians?”. The theme is the conflict in Ukraine and, more
specifically, the questioning of the morality and respectability
of Ukraine’s president and his wife. If successfully discred-
ited, this would most likely affect Zelenskyy’s ability to
secure additional funding for the war from the USA and
Canada, and increase polarisation and social division about
the conflict due to the ability of media to echo and amplify the
message [16]. Within this theme, there are two incompatible
positions in this corpus: that Olena Zelenska made a million-
aire purchase at Cartier in New York, and that she did not.
Relevant agents include at least Olena Zelenska, Volodymyr
Zelenskyy, and the Ukrainian and Russian governments.

5.2.2 Ontology analysis

Ontology analysis allows us to portray the main entities men-
tioned by the different texts in the corpus, together with their
properties and relationships. In addition, we can add subjec-
tivity and temporality markers to some of these entities. In the
case of polarised discourses, properly managing subjectiv-
ity becomes a crucial aspect of modelling, because different
model elements may exist or have specific properties only
according to certain agents. Adding subjective markers to
model elements, in turn, makes it possible to observe the
conflicts in different discourses about the same things, what
entities are affected by it, and in what sense. As described in
previous sections, ontological modelling in IAT/ML is based
on ConML, which provides explicit support for temporality,
subjectivity and other “soft” issues as part of its metamodel.

To represent the major ideas in the theme being analysed,
we developed an ontology containing some types (Fig. 8) and
instances (Fig. 9).

Four categories were considered necessary: Place, since
the opposing positions revolve around where Zelenska was
on 22 September; Agent, since Zelenska and her husband are
the focus of the debate; Event, to represent the purported mil-
lionaire purchase; and Perspective, to represent the different
perspectives about the issue given by different media out-
lets. A capital “T” in parenthesis in the diagram indicates a
temporal feature, whereas a capital “S” indicates a subjective
one, i.e. one that may vary depending on who is speaking.

In this manner, instances were added to represent each of
the relevant entities, as shown in Fig. 9: agents correspond-
ing to Zelenska, her husband, and the Cartier’s employee
who revealed the news to the media, the places where they
were supposed to be on 22 September according to dif-
ferent agents, the presumed expensive purchase event, and
the different perspectives on it. The two perspectives in the
ontology map to the two positions in the context model (see
Sect. 5.2.1).

Note that time markers (indicated by an “@ sign) appear
at several points in the ontology, because they are crucial, in
this particular case, to determine whether Zelenska was in
New York or not on that day. Subjective markers (indicated
by a “$” sign) also play an important role; for example, the
expensive event exists only according to Cartier’s employee,
and it is only this person who places Zelenska at the 5th
Avenue Cartier Store on 22 September. Similarly, it is various
eyewitnesses who place both Zelenska and her husband in
Canada on that date.

5.2.3 Argumentation analysis

An argumentation model was developed for each of the five
documents in the corpus, adding up to 5,476 words and 123
individual propositions. Each proposition in the model is con-
nected to the speaker who uttered the associated locution; this
allows us to map speakers to agents in the context model. In
addition, propositions themselves can be mapped to positions
in the context model (see Sect. 5.2.1).

From an argumentation point of view, the analysis of the
two texts containing what we now know are fake news shows
a significant number of unsupported statements, which are
then employed to build more elaborate conclusions on Zelen-
ska’s character (Fig. 10).

Here, proposition PR103 is mapped to position “Olena
Zelenska made a millionaire purchase at Cartier in New
York” in the context model. In addition, it is important to
remark that statements such as “The wife of the Ukrainian
president has spent $1,100,000 on jewellery” or “Olena
Zelenska had an aggressive behaviour” are unsupported, that
is, they are stated with no backing arguments. Also, note
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Fig.9 Instances in the case study ontology. The diagram is expressed in ConML

that the unsupported proposition is, in fact, the main thesis
being defended. By combining these unsupported proposi-
tions with additional claims, the speakers conclude that “It
seems that her appetite has grown dramatically as the time
passed” and “Olena Zelenska’s shopping habits went pub-
lic again”. In addition, note the subjectivity being injected
in appreciations like “It seems that her appetite has grown
dramatically”.
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In contrast, the fact-checkers’ report (Fig. 11) uses a
combination of eyewitnesses’ reports and more objective
information about the assumed receipt to argue against the
position by using a convergent structure that supports the
conclusion very strongly. Also, their major thesis appears
strongly supported rather than unsupported as in the previ-
ous case.
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Fig. 11 Fragment of an argumentation structure diagram for the fact-checkers’ report. Large rectangles represent propositions, whereas small ones

represent inferences

Here, proposition PR70 is mapped to the “Olena Zelenska
did not made a millionaire purchase at Cartier in New York”
in the context model. This contrasts with proposition PR103
from the previous model (see Fig. 10). In this manner, we can
identify a pair of propositions from different documents that
support incompatible positions, thus allowing for an inter-
textual analysis and traceability to the individual pieces of
evidence on which it is based.

5.3 Discussion

In this section, we have shown a case study applying IAT/ML
for a fact-checking process. In particular, both an ontology
and five different argumentation models were constructed

and then compared to draw some conclusions. Agency anal-
ysis was not carried out in this case study, as it usually works
better with a much larger corpus.

Ontological analysis, in particular, allowed us to iden-
tify the relevant entities in the opposed discourses. The fact
that there is a single ontology for the complete corpus helps
integrate the different perspectives, connect them via com-
mon or shared entities, and compare the potentially different
foci of each position. For example, in this case study, it was
found that Cartier’s employee played a central role in defend-
ing the position that Zelenska had spent a million dollars in
New York, whereas the opposed view did not rely at all on
this employee. Imbalances like this highlight potential weak
points for either of the parts.

Argumentation analysis, in turn, allowed us to visualise
the depth, complexity and nature of the supports that each
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speaker provides about their position. In the case study,
defenders of the fake news piece boldly claimed their main
thesis with no backing support, while opposed media only
stated their major thesis once after a chain of inferences was
in place. This allows us to compare and decide on which
position is more likely true.

Although denotations were not used in this particular case
study, they would become very useful in scenarios with a
larger corpus. Denotations would allow the analyst to con-
nect each proposition to the elements in the ontology being
referred to. For example, “The wife of the Ukrainian pres-
ident” in proposition PR103 in Fig. 10 clearly refers to the
Zelenska entity in Fig. 9. By recording denotations in the
models, an intertextual analysis becomes possible that can
shed additional light on connections across documents in
larger and more complex scenarios.

It is also interesting to highlight how the context model
(composed of one theme, two positions and various agents)
acts as a supporting infrastructure to which other models may
refer. For example, the entities in the ontology representing
perspectives (P1 and P2 in Fig. 9) are mapped to positions in
the context, and each speaker in the various argumentation
models is mapped to an agent in the context. Furthermore, and
as described above, propositions from different documents
are also mapped to opposing positions. This allows for inter-
textual analysis and powerful cross-model analytics that take
these connections into account. Although this case study is
small and any analyst can keep all the involved information
in mind at the same time, inter-textual scenarios involving
hundreds or thousands of documents, and tens of thousands
of propositions, which would be unmanageable for a human
analyst, can be as easily handled by LogosLink and IAT/ML.

6 Further validation

IAT/ML has been further validated through different mech-
anisms, including the implementation into the LogosLink
toolset, the modelling of discourses in various projects, and
the teaching of several courses.

Given that IAT/ML was developed under a practice-driven
design science approach, validation focussed on two aspects:

A. On the one hand, we aimed to stress-testing the expres-
sive power of the metamodel by confronting it with
as many different discourses from as many different
sources and agents as possible. This is connected to sat-
isfying requirements A, B, D and E in Sect. 3.1.

B. On the other hand, we wanted to verify the usefulness
of the metamodel to support a methodology-oriented
software tool, which, in turn, would assess its under-
standability and usability. This is connected to satisfying
requirement C in Sect. 3.1.
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6.1 Implementation in LogosLink

The implementation of IAT/ML in the form of a software
application was guided by Requirement C as described in
Sect. 3.1 and aimed to satisfy validation goal B above.
IAT/ML was implemented in the form of the LogosLink
toolset, available from www.iatml.org/logoslink. LogosLink
is a collection of libraries and user interface applications
developed in C# on top of the Microsoft. NET Framework. It
consists of over 245.000 lines of code organised in a modular
structure so that it can be used as an interactive stand-alone
application or integrated as part of other projects. The imple-
menter was one of the authors (Gonzalez-Perez).

The Argumentation component of IAT/ML has been fully
implemented as part of the ArgumentationEngine library,
which offers a complete object model for discourse and argu-
mentation modelling together with the functionality to save
and load models, obtain statistics, and other related functions.
The Ontology component, in turn, has been implemented as
a separate library, OntologyEngine, which offers analogous
features. A third library, Analytics, works on top of the pre-
vious two to carry out complex analytical techniques such as
argument structure analysis or denotation analysis. Finally,
the Desktop executable offers a Microsoft Windows-based
desktop user interface capable of diagramming argumen-
tation models and offering full features for argumentation
and ontological modelling of discourses. Documentation for
LogosLink (both user’s and developer’s) can be found at
www.iatml.org/logoslink.

Ontological and argumentation models are stored as JSON
files by LogosLink. These models can be formally validated
against the metamodel by the libraries and used to perform
an array of analytical procedures on them. For example,
LogosLink can carry out centrality or argumentation struc-
ture analytics to show what elements in an argumentation
model are most central, which are the major theses being
defended, which are the key foundations on which each
speaker bases their discourse, etc. Some other analytics work
atthe corpus level, operating on multiple ontologies and argu-
mentation models at once. Some examples include different
collocation flavours (lexical, semantic and lexical/semantic),
denotation (which examines the terms used by each speaker
to refer to each concept in the ontology), or intertextuality
(which assigns a score to each pair of texts depending on
how related they are via common denotations or explicit ref-
erences).

The implementation of a theory or metamodel, such as the
one presented in this paper, in the form of a software tool, con-
stitutes a good validation mechanism, especially in relation
to quality factors such as usefulness, integrity, performance
and understandability. A metamodel constructed with a mod-
elling tool can be formally validated, but when it is exposed
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to actual users in a variety of environments and incarna-
tions, issues arise that could never be detected by a modelling
tool alone. For example, in relation to integrity, implement-
ing IAT/ML in LogosLink helped us detect redundant and
lacking associations between classes in the metamodel; once
code was written, it was easy to see what references were
being used in run-time and which ones were unused. In rela-
tion to performance, implementation helped us experiment
with different type structures and hierarchies. In particular,
the metamodel class structure for argumentation described
under Sect. 4.3 is the third iteration after two attempts that
did not map too well to users’ expectations of how informa-
tion should be organised in an argumentation model. Finally,
and in relation to understandability, it is obvious that the
user interface of an interactive application somehow maps to
the metamodel being implemented. Although the mapping is
not always one-to-one, the “shape” and structure of the meta-
model determine, to a large extent, how well the information
is understood by users. In our case, for example, it was not
clear whether denotations, which mediate between ontology
and argumentation models, should be shown to users as part
of ontology or argumentation analysis, or both. In the end,
we decided to include them in argumentation analysis only,
and this had a significant impact on the metamodel itself.

Finally, we must say that context and agency analysis are
being in the process of being implemented, but are not part
of the publicly available version of LogosLink yet. This step-
wise implementation approach is a natural consequence of
the incremental and practice-oriented development approach
that was taken to the construction of IAT/ML, as described
in Sect. 3.

6.2 Research projects

Aiming to satisfy validation goal A above, IAT/ML was
used to model discourses in a number of projects, using
LogosLink for ontology and argumentation modelling, and a
word processor for agency modelling. One of these projects
was “COVIDI19 en espafiol: investigacion interdisciplinar
sobre terminologfa, teméticas y comunicacién de la ciencia”
[COVID-19 in Spanish: Interdisciplinary Research on Termi-
nology, Themes and Science Communication], funded by the
Spanish National Research Council between 2020 and 2022.
This project gathered a corpus of 877 COVID-related popu-
lar science articles published by The Conversation Spain [74]
throughout the critical year of 2020, amounting to 962,886
words, and developed ontological and argumentation mod-
els to find out the main strategies and mechanisms used
to disseminate information about the pandemic within the
Spanish-speaking world. Figure 12 shows a screenshot of an
argumentation model developed during this project.

Four analysts worked on this project, including one of the
authors (Gonzalez-Perez) plus additional technical staff from

three different organisations. This meant that the issue of
traceability and reproducibility (Requirement B in Sect. 3.1)
of analysis results was present from the beginning. Having
clear and comprehensive documentation, as well as a soft-
ware tool that assisted them during analysis, proved to be
crucial.

Another project where IAT/ML and LogosLink have
been used is “Heritage 3.0: Argumentation and Concep-
tual Modelling for Enhanced Cultural Heritage Participation
and Management Policies” (https://www.incipit.csic.es/en/
project/acme), which aims to analyse discourses amounting
to 323.174 words across 517 texts, which include tran-
scribed interviews, historical documentation from the 1950s
onwards, student essays and social media posts about five dif-
ferent case studies. The project is led by one of the authors
(Gonzalez-Perez) and involves a team of 18 people, includ-
ing the other three authors, all of which have used IAT/ML
and LogosLink extensively. Each case study involved a par-
ticular heritage element (such as a monument or a cultural
landscape) and was coded as a topic in the corpus. The result-
ing corpus was quite large for a full manual analysis, so
IAT/ML had to be adapted to the time and resources that were
available, thus testing the approach against Requirement E
as described in Sect. 3.1. Adaptations included focussing
on topic-level ontology analysis, selecting a sample of texts
from each case study for argumentation and agency analysis,
and using the analysis results for action planning that would
be useful to local governments in the management of cul-
tural heritage. At the time of writing, analysis is mid-way
through, with a clear indication that customisation capabil-
ities are good. Also, early tests with some selected heritage
managers from two of the five case studies have shown that
traceability (Requirement B) has shown to be extremely valu-
able to demonstrate the soundness of the analysis results
with non-technical stakeholders. For example, the traceabil-
ity capabilities of IAT/ML and LogosLink allow us to explain
why a certain conclusion is obtained, on which discourses it
is based, by whom, and in which context.

A third project where IAT/ML and LogosLink have
been used is the ongoing doctoral work of one of the
authors (Calderén-Cerrato), supervised by Gonzalez-Perez
and Pereira-Farifia. So far, this project has gathered a corpus
of 61 texts, amounting to 53,543 words, related to identity and
polarisation in cultural heritage and feminism, from sources
such as legislation, press articles, transcribed interviews and
social media posts. Although this corpus is smaller than the
previous ones, this project is carrying out agency analysis
as well as ontological and argumentation analysis, and pro-
ducing integrated diagnostics of dissonant heritage situations
supported by the context common sub-domain, thus allowing
the integration of conclusions from ontologies, argumenta-
tion models and agency models in terms of themes, positions
and agents. In this regard, Requirement A as described in
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Fig. 12 Screenshot of LogosLink Desktop showing an argumentation
model for an article on COVID-19. Black boxes represent locutions and

transitions. Red boxes represent propositions and argument relations.

Sect. 3.1 has been intensely put to test by this project and

satisfactorily validated.

In addition, the incorporation of feminist identities as an
extra theme at a later stage of this project allowed us to further
validate IAT/ML in relation to its usefulness for a corpus and
topic other than those employed during development. This
is one of the suggested approaches to validation offered by

[34].

Finally, argumentation models developed during this
project were also employed during discussions of Calderdn-
Cerrato and Pereira-Farifia with the staff of ArgTech, the
original creators of IAT [8, 40], which were experts in IAT but
did not have previous exposure to IAT/ML. IAT/ML’s nota-
tional and, to some extent, conceptual, compatibility with
IAT, as dictated by Requirement D, worked very well to facil-

itate the communication.
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Lo peor esta por venir. La frase es de Tedros Adhanom Ghebreyesus, el director general de la Organizacion Mundial de la Salud (OMS), y fue pronunciada el pasado 29 de junio, seis meses después de que la OMS
recibiera la primera notificacion sobre la aparicion de un nuevo virus que causaba neumonias atipicas en Wuhan (China). Seis meses que dejaban detras mas de 10 millones de casos confirmados, medio millén de muertos |
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Blue arrows represent illocutionary forces. The central panel shows the
results of an argumentation structure analytics

Following Requirement C in Sect. 3.1, and aiming to satisfy
validation goals A and B above, comprehensive documen-
tation has been developed for IAT/ML. In addition to a
process-oriented document that provides recipe-style guid-
ance on how to apply the methodology, pattern-oriented

documents have been also developed to provide details on

how to model individual situations of many kinds. These
documents are available from www.iatml.org.

This documentation, plus additional materials, were used
to teach a 21-h postgraduate course in Santiago de Com-
postela, Spain, in March 2023. Participants included PhD
students, professionals and professors in archaeology, sociol-
ogy, geography, architecture and law, each of them providing

a different usage scenario to which IAT/ML was applied. All
the participants used IAT/ML and LogosLink on their par-
ticular fields of study. Teaching not only served to flesh out
complex details of the methodology and explain them to oth-
ers; it also worked as a test bed for the documentation, which
was evaluated as of “outstanding value” by course students.
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Teaching also provided a wealth of feedback from students
about conceptualisations, process and usability aspects, most
of which has been incorporated into the approach.

Follow-up teaching workshops, as well as a consultancy
service on discourse analysis with IAT/ML, have been devel-
oped in collaboration with the Outreach Unit at Incipit CSIC,
where two of the authors work. At the time of writing, three
additional workshops have been carried out in Spain and
Portugal, as well as two consultancy projects, involving the
use of IAT/ML and LogosLink by an additional 20 + peo-
ple from multiple organisations. The fact that IAT/ML and
LogosLink have been used in different settings and by differ-
ent users with no previous involvement in their development
showed, once again, the usefulness and expressive power of
the approach.

6.4 Lessons learned

All in all, we can confidently state that, by using IAT/ML, an
analyst (or a team of analysts) can obtain a deep and nuanced
understanding of a corpus of texts in terms of issues, themes,
positions and agents by using ontological, argumentation and
agency analysis, as determined by the original purpose as
described in Sect. 3.1. Furthermore, teaching experiences
have shown that becoming a novice but competent analyst
is as easy as attending a 3-day, 21-h workshop.

Three major lessons have been learned from using
IAT/ML and LogosLink over the last four years. Firstly,
it is evident that IAT/ML and LogosLink are very useful
resources to understand complex polarised situations through
the associated discourses. This has been shown in a variety
of situations and projects as well as in teaching.

Secondly, we have seen that any methodology, process
or tool that aims to be useful to a wide array of users must
be modular and flexible. Although this article focuses on
the metamodel aspects of IAT/ML, IAT/ML is indeed a full
methodology, as it recommends a series of steps and inter-
mediate products. We have worked in situational method
engineering in the past (see, e.g. [27, 45]), so many of the
methodological principles of modularity, composability and
separation of concerns (especially between the process and
product realms) that are part of IAT/ML have been taken
from ISO/IEC 24744 [39] and related works. Still, it is dif-
ficult to produce one methodology that fits all, and expert
guidance and consultancy is often required to successfully
apply IAT/ML in complex scenarios. We are working to make
IAT/ML easier to use by incorporating many of the sugges-
tions that we receive from users and clients.

Thirdly, we have learned that developing and maintaining
a non-trivial metamodel-based software tool like LogosLink
is a double-edged sword. On the one hand, implementing a
theory or metamodel as a software tool provides excellent
validation opportunities, as discussed in Sect. 6.1. On the

other hand, doing this is very expensive in terms of time and
effort, especially when working from academia. We have
invested over 2290 person-hours in software development
alone over 3 years, and the foreseen maintenance cycle for
LogosLink version 1 will span another 3. While we main-
tain this, we are already working on LogosLink version 2,
which will be (partially) multiplatform, much more mod-
ern, and more functional. Software technologies evolve fast,
and despite the long-term support provided by Microsoft for
the .NET platform, it is still difficult to keep up the pace and
evolve LogosLink fast enough as to keep obsolescence under
control.

7 Conclusions

In this paper, we have presented IAT/ML, a domain-specific
approach for the modelling and representation of discourses
based on the combination of three modelling perspectives:
ontological, argumentation and agency. Ontological and
argumentation analyses have been fully incorporated into
the LogosLink supporting tool. In this regard, IAT/ML and
LogosLink are the first of its kind, as no other approaches,
as far as we know, integrate different perspectives under a
common and inter-connected modelling approach.

IAT/ML has been constructed empirically from clear
requirements and by following a known method for DSML
development while practitioners were using it. The same
practitioners worked to validate and enrich the approach, both
as part of the initial projects as well as under new discourse
themes that were added later. We have also shown a case study
developed with IAT/ML and the LogosLink toolset, focusing
on fact checking. Additional validation was described as part
of various projects and teaching efforts.

Regarding the initial research sub-questions (see
Sect. 3.4), we can now briefly answer them:

1. (a) What concepts and patterns are found in the dis-

course analysis process and its domain that are common
to existing approaches? (b) Which ones we do not find
in existing approaches, but are necessary after our expe-
rience analysing discourses?
We took the overall ontological modelling approach from
ConML and adjusted them to make them multi-level
modelling compliant. We took most of the concepts in
IAT and extended them for comprehensive argumen-
tation modelling. We developed an agency modelling
conceptualisation from scratch. Overall, about 75% if
the metamodel elements in IAT/ML are original, and
25% have been taken more or less straight from previous
developments.

@ Springer
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2. Can we develop a domain-specific modelling language
that fully describes and supports both the discourse analy-
sis domain as well as the process for the three perspectives
(ontological, argumentation and agency)?

Yes. This was feasible and practical. Furthermore, the
three perspectives were successfully integrated via the
fourth domain of analysis Context.

3. Is it viable to implement this language in a modelling

tool?
Indeed, we developed LogosLink, which has been exten-
sively used over the last four years in a number of
projects, both inside and outside of the research team
that developed it.

4. What degree of coverage and traceability does this lan-

guage offer for the discourse analysis process, given a
corpus to be analysed that is different from those used
during development?
Experiences show that coverage is good, in the sense
that TAT/ML allows you to describe the discourse under
analysis from three different integrated perspectives. In
addition, traceability is excellent, especially when com-
pared to the previous state of the art, which lacked much
in terms of documentation, guidelines and reproducibil-
ity.

5. How viable, and at what cost, is to customise the language
in order to cater for specific situations and project needs?
This depends on the degree of customisation. According
to our experience, very little time and effort are needed for
basic and moderate customisation and integration. More
time and effort are expected to be needed in more com-
plex customisation settings, but these have not been found
so far, although they are anticipated for use cases related
to some of the stakeholders described in Section 3.2.

Additional future work includes adding automatic assis-
tance for the analyst to segment the text and reconstruct
propositions by using Large Language Models (LLMs), and
detecting ontology elements through Named-Entity Recog-
nition (NER). Additional analytics that operate on top of
ontology, argumentation and agency models to produce
quantitative and visual results are also being developed and
tested. Metamodelling-wise, extensions are being planned to
cater for diachronic argumentation analysis (as, for exam-
ple, in changing one’s mind over time) and stronger support
for intertextual connections. An additional line of work for
the future is that of a large-scale validation effort of the full
approach. This has been partially tackled already, especially
in the ontological realm, by works such as [45, 46]. These
works have shown that an ontological analysis of discourse is
relevant to various communities. Still, it would be very bene-
ficial to carry out a comprehensive exercise that also includes
argumentation and agency analysis, and involves the differ-
ent types of users and stakeholders that are described in Sect.

@ Springer

3.2. The ongoing HYBRIDS MSCA DN project (https://
hybridsproject.eu), which focuses on disinformation and hate
speech, is a perfect setting for this, and we plan to conduct
such a study over the next 2 years. Finally, LogosLink is
being further developed to cover agency analysis.

IAT/ML is documented online on www.iatml.org, and
LogosLink can be downloaded for free. We hope that this
domain-specific approach, together with its tooling support,
will contribute to better and more reliable discourse analysis
projects and easier and more powerful discourse understand-
ing, evaluation and fact-checking.
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