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Abstract

Recent developments in Web technologies have transformed
Web users from passive consumers to active creators of digital
content. As users see the Web as a means to enable dialogical ex-
change, debating, and commenting on products, services or events,
a significant portion of web content is of argumentative form. This
content can be unstructured, e.g., free-text, or (semi-)structured,
both at the debate level, e.g., through a reply structure, and/or
at the argument level, e.g., by requiring a specific argument for-
mat. The plethora of arguments online are useful only with the
support of appropriate tools for identifying relevant arguments for
any given information need. Depending on the form of the debate,
the context, and the application at hand, this identification could
require capabilities for simple keyword-based searching, naviga-
tional or explorational capabilities, the ability to perform analyti-
cal queries, as well as the ability to perform more complex searches
and queries that involve the arguments’ (or debates’) structure and
interrelationships. In this chapter, we provide a short survey of
various tools and languages for searching, exploring and querying
arguments, aiming to highlight the main advances in this area.
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1 Introduction

The Web has long now ceased to be a purely one-directional means of
communication: Web users are no longer just passive consumers of in-
formation, but can also contribute actively to the content of the Web.
As a matter of fact, modern Web allows users to create and post dif-
ferent forms of digital information, such as the uploading of images and
videos in social media channels; the posting of reviews for all types of
products or services; the commentary of articles, political ideas or other
viewpoints; the expression of ideas in chat rooms; the debating for hot
controversial issues in specialised websites; and others.

One of the important consequences of this transition is that users
often see the Web as a means to enable dialogical exchange, debating,
and commenting, as it allows their ideas to reach people in all corners
of the world. As a result, a significant portion of Web content is of ar-
gumentative form, containing users’ opinions on any conceivable topic,
often with well-articulated arguments. Depending on the platform in
which these arguments are expressed, they can be unstructured (e.g.,
free-text), or have some kind of structure, which is imposed by the tool.
This structure could be imposed at the debate level, e.g., through replies
that end up generating debates that have a tree-like or forest-like struc-
ture, or at the argument level, by requiring the users to formulate their
arguments in a specific way, e.g., explicitly specifying (or annotating)
the premises and conclusions of the arguments.

The plethora of arguments online are useful only with the support
of appropriate tools for identifying relevant arguments for any given
information need. Note that keyword-based searching is useful but
not sufficient for supporting the information needs of users when it
comes to argumentative content. Arguments have an inherent struc-
ture (whether explicitly specified or not) and they are related to each
other (although such relationships may not be always obvious and/or
explicitly recorded); these properties are often critical and should be
queryable, so whatever method we use for searching arguments should
include the ability to perform more complex searches and queries that
involve the arguments’ (or debates’) structure and interrelationships.
Moreover, depending on the form of the debate, the context, and the
application at hand, argument searching should also allow navigational
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or explorational capabilities as well as the ability to perform analytical
queries.

In this chapter, we provide a short survey of various approaches
for searching, exploring and querying arguments, aiming to highlight
the main advances in this area. We classify the relevant approaches
into three main categories, namely, query languages, argument retrieval
systems, and closed debating systems, which we explain below and in
their respective sections.

Section[2] deals with the first category, and discusses structured query
languages that one could use to query arguments, in a manner similar
to other structured languages such as SQL or SPARQL. This approach
is mainly applicable to arguments whose structure and/or interrelation-
ships are explicitly recorded using an appropriate knowledge representa-
tion formalism, such as an ontology. Towards this direction, we present
the only (to the best of our knowledge) structured query language that
was designed explicitly for argumentative content and addresses these
issues, namely Argumentation Query Language (ArgQL) [Zografistou et
al., 2017|, |[Zografistou et al., 2018|, [Roussakis et al., 2022]. ArgQL ab-
stracts argument/debate retrieval operations from the implementation
details of the underlying repository, allowing the user to express queries
in a more “natural” way (using argumentative terminology), leading to
queries that are short, easy to formulate, read, understand and maintain,
as well as efficient.

The second approach (argument retrieval systems) is discussed in
Section @ Argument retrieval systems are used to search for arguments
in a manner analogous to how popular search engines crawl and search
the Web for textual content. Argument retrieval systems can retrieve
arguments that answer questions like “is coffee good for you?”, by look-
ing at the argumentative content of various websites that have been
previously analysed. To do so, such systems often use argument mining
techniques for identifying the argumentative content of websites, and
the structure/interrelationships of the contained arguments. In other
cases, the arguments’ structure and interrelationships may have become
known to the argument retrieval system because this structure is some-
how exposed by the respective website, or because it has been identified
through manual annotation.
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The third approach (closed debating systems, analysed in Section
includes tools whose main functionality is the management and/or anal-
ysis of debates that have been created within the tool. In this respect
the system is “closed”, because it provides a complete set of functionali-
ties for both entering and retrieving arguments. Note how this contrasts
with the argument retrieval systems, which provide searching, analytics
and exploration capabilities for arguments expressed elsewhere. The fact
that closed debating systems fully control the way in which the argu-
ments are entered and stored in the underlying repository allows them
to provide sophisticated searching and visualisation functionalities not
easily attainable with other methods. On the downside, the pool of ar-
guments over which searching is allowed is limited to the ones that have
been ingested through the tool’s interface, which often limits their appli-
cability to well-focused, small-scale debates within well-defined groups
(e.g., among people involved in the management of a company pondering
on a specific business decision).

The rest of this chapter presents further details on various represen-
tatives of these three approaches to argument searching (in their respec-
tive sections). We conclude in Section 5| with a general discussion and
outlook for future research directions on the topic.

2 Languages for querying arguments

As mentioned above, searching and navigating within dialogues intro-
duce specific challenges and requirements. This is mainly due to the fact
that, at the core of debating and argumentation, particular structures
are created, which are common in any kind of discussion regardless of
its topic, the structure of which is queryable. This sets new ground in
the area of information retrieval, in which new theories and models can
be developed.

One such direction is the identification of the different kinds of
queries related to the problem of dialogue searching and the exploration
of the different ways in which they can be expressed, evaluated or exe-
cuted more efficiently. The most obvious and straightforward approach
is to adopt some of the standard storage schemes to represent dialogical
data, and then use the associated query language to express requests for
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particular fragments of the data |Cabrio et al., 2013], |Cimiano et al.,
2013]. Such storage schemes include relational databases (MySQL), se-
mantic databases (RDF/SPARQL), graph databases (GraphQL, Neo4j)
etc. For all those frameworks, dialogical searching constitutes an appli-
cation domain, using an appropriate knowledge representation formal-
ism, such as an ontology. The most popular approach in this respect is
the use of the Argument Interchange Format (AIF) |Chesiievar et al.,
2006] a data model that was designed to bridge the various models of
argumentation into a common ontological pattern of representation. Al-
though the existence of this de-facto representation standard allows the
use of a general-purpose query language (such as SPARQL) for querying
the argumentative data, this approach has several disadvantages. First,
it requires the user to deeply understand AIF in order to properly formu-
late the correct query. Second, the resulting queries are often long and
complex, thus error-prone and hard to maintain. Third, this approach
creates an undesirable bonding between the query formulation process
and the implementation details of the argumentation repository, reduc-
ing robustness and interoperability, as the application logic is bound
to the specific implementation and thus cannot be easily migrated to
alternative implementations.

The existence of a high-level language that uses terminology and
semantics related to the argumentation domain, would offer to the com-
munity a more familiar way to express queries, saving them from dealing
with all the technical details of using standard technologies. Further-
more, there is a large volume of dialogical and argumentative data dis-
tributed across various platforms and represented in different formats,
and the development of centralised mechanisms to search through all
this data, facilitating their integration, would enable the development
of techniques for the automatic analysis of dialogues and debates. The
only known language that carries the momentum of becoming such a
language is ArgQL (Argumentation Query Language) |Zografistou et al.,
2017|, |[Zografistou et al., 2018], [Roussakis et al., 2022].

2.1 Argumentation Query Language (ArgQL)

ArgQL is a high-level, declarative query language, designed to express
queries particularly related to the problem of searching within dialogues.
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Its specification is designed on top of a data model that captures the fun-
damental principles of structured argumentation, and thus, data com-
prise graphs of interlinked, structured arguments. ArgQL enables query-
ing both the internal structure of arguments and their relations, but
also the structure of the debate that the arguments are part of. The
debate structure can be seen in terms of Dung’s argument frameworks
[Dung, 1995|, where arguments and relations are abstracted away from
their structure, and define graphs where nodes represent arguments and
edges the relations between them. By allowing querying such graphs,
ArgQL makes itself compatible with those frameworks, and in future
extensions, it could incorporate semantics of abstract frameworks in the
search mechanisms.

ArgQL offers a simple and clear way to express queries that fall
into four main categories (or their combinations): a) Locating individ-
ual arguments, e.g. “Find arguments with conclusion p" b) Identifying
commonalities between arguments’ structure, e.g. “Find arguments with
common premises” ¢) Extracting argument relations, e.g. “Find argu-
ments that attack or support each other" and d) Navigating within the
argument graph e.g. “Find arguments that attack the attackers of ar-
gument a'. In all of these categories, special emphasis is given in the
factor of rephrasing, or otherwise propositional equivalence, namely the
fact that two propositions might be saying the same thing (be equiv-
alent), but expressed in a different way. In particular, assuming that
arguments consist of propositions, a query searches for propositions,
that either themselves or any of their equivalent ones are satisfying a
particular expression.

The current implementation of ArgQL is built on top of the RDF
storage scheme. In particular, in order for a query to be executed, it is
first translated into SPARQL, which is then executed against an RDF
database, to which the data model of ArgQL has been mapped. The
RDF schema that is used is specified by the AIF ontology [Chesfievar
et al., 2006]. In a similar way, more implementations of ArgQL can be
developed, that will translate into other query languages, allowing that
way for ArgQL to become a centralised language that integrates the
results of querying different databases and heterogeneous argumentative
data.
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2.1.1 Data Model

The main concept in the data model of ArgQL is the argument, which
consists of propositions. There are three kinds of relations between
propositions, equivalence, conflict and inference. Equivalence and con-
flict relations define equivalence and contrariness in the content among
propositions and are defined in a symmetric way. An argument is defined
as a tuple (pr, c), where pr is a set of propositions, called premise, ¢ is a
single proposition, called conclusion and it holds that the premise logi-
cally infers the conclusion. A conflict relation between propositions de-
fines two types of attack between arguments: rebut (conflict between two
conclusions) and undercut (conflict between a conclusion and a premise).
An equivalence relation between propositions defines two types of sup-
port between arguments: endorse (equivalent conclusions) and backing
(equivalence between a conclusion and a premise). Overall, an argument
base forms a graph, in which nodes are structured arguments, connected
via four types of relations.

Figure |1| gives an example of the data model. Subfigures (a) and (b)
show arguments’ and relations’ internal structure, while (c) depicts the
structure of the debate. The nodes in this last graph view (c) represent
an abstract version of arguments, the internal structure of which has the
general form (pr, c¢), where pr infers c.

2.1.2 ArgQL specification

The general form of an ArgQL query is:

q + match dialogue_ pattern (°,” dialogue__pattern)*
return varlist | path(vy,vs)

where varlist = (vi,ve,...,v,) is a list of variables. A dialogue pattern
may have one of the following two forms:

dialogue_pattern ::= argpattern |
argpattern pathpattern dialogue_pattern

Argument patterns are the primary units in the language and are used
to match arguments’ internal structure. Syntactically, an argument pat-
tern can either be a single variable v,, or have the form v, :(premisePattern,J}
conclusionPattern). PremisePattern and conclusionPattern specify the
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Figure 1: Example of data model

premise and conclusion part of arguments, respectively. More precisely,
the second form of an argument pattern may be one of the following:

Vg : ({p1, -y P}, C) or v : (vplf],c)

where p1, .., p, are constant propositional values, ¢ is a proposition or
variable, v, is a variable and f a premise filter. Variable v, matches the
premise part of arguments and in particular, it matches sets of proposi-
tions, whereas ¢ matches the conclusion. The occurrence of the expres-
sion [f] is optional. When it exists, the premise part is restricted based
on a propositional set pattern, let s, which can either be a set of propo-
sitions (strings) or a variable that takes as value a set of propositions
and, so, there can be 3 types of filters: inclusion, join and disjointness
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written as [/s] , [.s] and [ls], respectively. Below, are some examples of
argument patterns:

o (?w[/{"p1”}],?¢) : match arguments the premise of which include
some proposition equivalent to ”p;”.

o (?v,7¢”) : match arguments with conclusion any proposition equiv-
alent to "¢’

o (?w[{"p1”, "p2”}], 7c) : match arguments whose premise intersects

or is equivalent to the set {"p1”, "p2”}

o ({"p17,7p2"}, 7¢”) : instantiated arguments are also argument pat-
terns

Path patterns are expressions that match complete paths and allow
for navigation in the graph. They are identified by sequences of relations
separated by the character ’/’ (e.g. attack/support/support). Note
that a relation can either be one of the sub-relations (rebut, undercut,
endorse, backing) or one of the general ones (attack, support). In the
second case, any of the corresponding sub-relations will match the pat-
tern. The expression *n is a syntactic sugar to express the "n repetitions
of a path pattern". For example rebut*2, is an alternative notation of
rebut/rebut. In addition, we can express the case "up to n repetitions",
by using the notation ’+n’. In particular, attack+3 defines three dif-
ferent patterns: {attack, attack/attack, attack/attack/attack}.
The existence of multiple '+’ indicators in the same pattern defines
a maximum number of combinations, equal to the proliferation of the
number of '+’s. For example, the expression ((attack)+2)+3 will give
2 x 3 = 6 alternative path patterns: the 42’ indicator defines 2 path
patterns, and for each of them the '+3’ indicator will give 3 different
patterns. Note the path clause in the return statement allows to return
the whole parts of the graph that match the path patterns.

Next, we show some examples of complete queries in ArgQL:

Q1. Find arguments which are in a maximum distance of 3 “defend” (at-
tack the attackers) relational steps, from arguments that have conclusion
equivalent to "Cloning includes ethical risks’, and return the complete
matching paths.
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match ?ai1 (attack/attack)+3
?a2:<7?pr, "Cloning includes ethical risks">

return path(?ai1, ?a2)

Q2. Find and return arguments which attack other arguments connected
via a sequence of three support relations, to an argument, for which,
one of the premises is equivalent to the proposition ’cloning contributes
positively in artificial insemination”.

match ?arg attack/ (support) *3

<?pr[/{”cloning contributes ... insemination“}],?c>

return ?arg
Q3. Find pairs of arguments whose premises intersect and return them.
match ?ai1:<?pri, ?ci>, 2az2:<?prz[.?pri], 2ca2>

return ?ai, ?a2

3 Argument retrieval systems

In this section we explore tools for searching and retrieving argumenta-
tive data. In particular, we consider tools which move beyond a standard
web search, where a user may be able to ask questions like “is coffee
good for you?” and receive in return a number of articles discussing
this topic. Instead we look at tools which provide the ability for more
nuanced exploration of the arguments; such as “give me arguments pro
and con why coffee is good for you” or “give me an argument from ex-
pert opinion supporting coffee being good for you”. The ability to search
for arguments in this way has a wealth of potential applications, from
assisting users in reaching decisions and forming opinions, to providing
on-demand knowledge bases for dialogical agents.

Implementations of such argument search tools can be split into two
broad categories: those for searching structured data, and those for
searching unstructured data. In the former case, an interface is pro-
vided for searching an existing corpus of known argumentation struc-
tures gathered, for example, through manual annotation, guided argu-
ment construction, or as the record of a structured dialogue (see Sec-
tion . In the latter case, searching in unstructured data, these tools
generally combine a specific query with argument mining techniques to
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determine the arguments contained in unstructured text. The argument
mining approach allows for results to be found in a broader range of
material that has not been previously analysed, though often with some-
what less accurate results. This categorisation corresponds to the two
shared tasks introduced in Touché 2020 [Bondarenko et al., 2020] which
firstly looked at retrieval of arguments on socially important topics from
a pre-existing set of structured arguments, and secondly, using argument
mining techniques to retrieve documents with relevant arguments from
a generic web crawl.

3.1 Tools for searching structured data

One of the first dedicated argument search engines to be developed was
the args.me prototype [Wachsmuth et al., 2017], which retrieves relevant
arguments on a given query, ranks these according to their relevance, and
presents them as lists of points pro and con (see Figure . In describing
the development of args.me the authors noted that, at the time, no auto-
matic argument mining approach seemed “robust enough, yet, to obtain
arguments reliably from the web”. As such, args.me instead returns re-
sults using an index of structured arguments crawled from a number
of online debate portals, specifically: idebate.org, debatepedia.org, de-
batewise.org, debate.org, and forandagainst.com. These portals all allow
users to contribute pro and con arguments for given controversial issues,
where the stance is explicitly indicated by the user, and therefore offers
a source of data which can be reliably classified by this stance. In total
291,440 arguments were collected from these sources. While the args.me
prototype only offers a simple interface for retrieving lists of pro and con
arguments, it offers a framework for future expansion, improving the in-
dividual steps of retrieving, ranking and displaying arguments.

Of similar size to the args.me index is the Argument Interchange
Format (AIF) database, AIFdb |[Lawrence et al., 2012b|, which contains
over 28,000 argument maps, with over 3.3m words and 270,000 claims
in more than twenty different languages. However, being based on AIF,
ATFdb contains a significantly richer and more fine-grained representa-
tion of argument structure, where individual propositions are connected
by specific argumentative relationships (e.g. support or conflict) with
these relationships able to be further specified as instances of a given



G. FLOURIS ET AL.

"‘ args Q "universal health care" N

Pro vs. Con View | Overall Ranking View

th umversa\ health ca(e people are able 1o seek. Well here |s wl’\al i bellve is wrong with universal health..

Wih universal heaith care, poople are abla o sook preventive eatment. This means woll horo i what  bokvo 5 wrong with universal health care is tha  will pay x amountin
having tests a taxes ... The element of universal health care also takes out the compefition of hospitals
which stops them from trying ... v

Moving to a system of universal health care would reduce the
1 will postfrst i the second round i am not totally.

Moving 1 & sysiom of universal Reaith care wou reducs the burden on human

resources personnel in i will post st in the second round  am not totally agianst universal health care but find
itoften absured ... v

| thank my opponent for posting this debate and clearly
Universal health care risks monopsony...

if not impartially, than cetainy thoroughly. Since my opponent does ot define Universal pa

Health Care, | will do so now. Universal Health Care refers to a government run single- Universal health care risks monupsony M

payer public health care ... v

Aging countries cannot afford universal healh care..

No umvevsa\ health care causes ]Db \DCK pay

e Aing countrios cannot i universsl heelth are - v
No universal health care ¢auses 106 kck . +

Copyright  Privacy About AP

Figure 2: Args.me search results showing pro and con arguments on the
topic of “universal health care”.

argumentation scheme. AIFdb offers three distinct search methods: a
basic search functionality which matches the given text to propositions
in the database; an advanced search functionality which offers the abil-
ity to narrow results by speaker, date, or argumentation scheme; and a
web service interface allowing for direct queries to be performed on the
underlying relational database. For the basic and advanced searches,
results are returned as a list of matching elements with the ability to se-
lect any of these and view them in the context of the argument maps in
which they appear (see Figure |3). For the web service interface, results
are returned in the JavaScript Object Notation (JSON) format, allow-
ing for processing by software tools. AIFdb’s native search interfaces do
not perform ranking of the obtained results, however these have been
combined with AIF argument analytics to give rankings by a number of
measures including Centrality, which can be viewed as how important an
issue is to the argument as a whole (calculated through eigenvector cen-
trality, used in the Google Pagerank algorithm [Brin and Page, 1998]),
and Divisiveness, which is used to assess how much an issue splits opin-
ion (calculated based on how many other issues are in conflict with it
and the amount of support which the two sides have) [Lawrence et al.,

2017].
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Figure 3: AIFdb advanced search results listing all matching instances
of the Argument from Authority argumentation scheme.

In addition to those tools mentioned above, a number of online de-
bate portals (e.g. CreateDebateEl, Kialcﬂ and PerspectroScope [Chen ef
al., 2019]) as well as argument mapping tools (e.g. DebateGraphlor Ra-
tionale Onlineﬂ) offer users some minimal search functionality, however
in each case this is limited to text searches showing results for either
individual claims, or an argument map containing the specified text,
and does not allow for any more complicated querying of the argument
structure.

3.2 Tools for searching unstructured data

Argument mining is the automatic identification and extraction of the
structure of inference and reasoning expressed as arguments presented

"https://www.createdebate.com
*https://www.kialo-edu.com
3http://debategraph.org
“https://www.rationaleonline.com/
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in natural language [Lawrence and Reed, 2020]. Whilst all applications
of argument mining could be viewed as a form of argument search in
that they find the argument structure contained within a given text, we
constrain the discussion here to applications where either the argument
components being mined match specific pre-determined search criteria,
or where argument mining is applied in order to identify the full structure
and some search technique is then used to return results based on this.

A prominent example in this first category can be found in much
of IBM’s work on Project DebateIE]. Debater can respond to a given
topic by automatically constructing a set of relevant pro/con argu-
ments phrased in natural language. For example, when asked for re-
sponses to the topic “The sale of violent video games to minors should
be banned”, an early prototype of Debater scanned approximately 4
million Wikipedia articles and determined the ten most relevant arti-
cles, scanned all 3,000 sentences in those articles, detected sentences
which contain candidate claims, assessed their pro and con polarity and
then presented three relevant pro and con argumentsﬂ with more re-
cent developments also working towards ranking and selecting the most
convincing of these arguments |Gleize et al., 2019], expanding the topic
of the debate [Bar-Haim et al., 2019], and providing “first principle”
debate points, commonplace arguments which are relevant to many top-
ics, where specific data is lacking [Bilu et al., 2019]. In [Levy et al.,
2014], the challenge of searching for Context Dependent Claims (CDCs)
in Wikipedia articles was first addressed, showing how, given a topic and
a selection of relevant articles, a selection of “general, concise statements
that directly support or contest the given topic” can be found. This work
was followed in [Rinott et al., 2015] where finding supporting evidence
from Wikipedia data for a given CDC was addressed. [Bar-Haim et al.,
2017] introduced the task of claim stance classification, that is, detect-
ing the target of a given CDC, and determining the stance towards that
target. |Levy et al., 2017] further developed CDC identification, remov-
ing the need for pre-selected relevant articles, by first deriving a claim
sentence query to retrieve CDCs from a large unlabelled corpus. Such

Shttps://www.research.ibm.com/artificial-intelligence/project-debat
er/

Shttp://www.kurzweilai.net/introducing-a-new-feature-of-ibms-watso
n-the-debater
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large volumes of CDCs can be used both as potential points to be made
by the debater system as well as to aid in the interpretation of spoken
material containing breaks, repetitions, or other irregularities
lal., 2019).

Tools where argument mining is instead used as a component of ar-
gument search include ArgumenText [Stab et al., 2018, an argument
search system capable of retrieving pro and con arguments relevant to
a given topic from the English part of the CommonCrawl Web corpus
. ArgumenText first retrieves a list of documents relevant
to a given topic (where a topic is considered as “some matter of con-
troversy that can be concisely expressed through keywords”) and then
applies an argument mining model to identify the argument structure
of the top-ranked documents; first classifying each document sentence
as ‘argument’ or ‘no-argument’ with respect to the topic and then de-
termining the stance (pro or con) of each topic-relevant argument. The
results of a search on the topic of “self-driving cars” can be seen in

Figure [4

Jl ArgumenText | sefiiving cars Search
Pro/Con
Filter by URL: Found 164 argumen pro; 66 con) in 20 documents (classified 621 sentences in 2.921 ms
multivu.com (21 PRO: Thanks to vehicle-to-vehicle and vehicle-to- CON: Because self-driving cars are powered by computers
futurist.com (1 infrastructure communication systems, autonomous cars and computers can inevitably be hacked, there are some
gizmodo.com and trucks could significantly reduce traffic congestion and serious security concerns here. (0.9592)
blog.cjponyparts.com traffic accidents.

self-drivecar.com (11
CON: However, it's important to point out that self-driving
. ideas.time.com

PRO: Self-driving vehicles can contribute to reducing cars could also pose some unique safety problems of their
businessinsider.com
infrastructure investments and enrich city life in other ways own. 4
) Dgr.com such as by reducing emissions, and improving air quality
thetruthaboutcars.com (7 and traffic safety. o7
extremetech.com CON: For example, we haven't built self-driving cars to deal
hybridcars.com with intense conditions like busy city driving and extreme
PRO: Autonomous vehicles and a smarter infrastructure will weather. (0.9204)

computerworld.com

dailybits.com (€

bring us another step closer to even safer traffic and an
improved environment.

autoworldnews.com CON: The technology's not quite thereThe most obvious
whogotfunded.com (5 hurdle for self-driving cars is the technology that makes
mobilenapps.com PRO: This technology can also improve safety significantly, them drive themselves. (o:¢

reduce fuel consumption and congestion

slashgear.com (4

Figure 4: Argumentext search results showing arguments pro and con
for the topic of “self-driving cars”.

Similarly, DebateLakﬂ was an HFRI-funded project that intended to

"https://debatelab.ics.forth.gr/
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pioneer research towards developing the theoretical machinery that can
be used across diverse domains for representing, mining and reasoning
with online arguments [Ymeralli et al., 2022]. It focused on journalistic
articles written in the Greek language, and developed a suite of tools for
article managemen@ most importantly a portal where users can view,
search, visualise and analyse journalistic articles, the arguments they
contain and their relationships. The articles and their arguments are
automatically retrieved using a crawler and an argument mining mod-
ule, while a Named Entity Recognition (NER) tool allows connecting
entities mentioned in articles and arguments with online resources (e.g.,
wikipedia pages) that describe these entities. DebateLab supports vari-
ous advanced searching functionalities, that employ, in the backend, the
ArgQL language (see |Zografistou et al., 2017|, |Zografistou et al., 2018],
[Roussakis et al., 2022] and also Section [2| in this Chapter), as well as
advanced visualisations such as sunburst or tree-like views.

TARGER [Chernodub et al., 2019] is an open source system com-
bining argument mining techniques for tagging arguments in free text,
with retrieval of arguments matching a given query. TARGER uses a
pre-processing step to identify argumentative units and classify them as
claims or premises. This pre-processing is carried out on the DepCC
corpus |[Panchenko et al., 2018| to tag and store argument unit informa-
tion in a web-scale index. The search component of TARGER allows the
user to enter a keyword query and choose whether it should be matched
in claims, premises, etc. Every retrieved result is rendered as a text
fragment, with color-coded highlighting of each component’s role in the
overall argument structure.

DISPUTool [Haddadan et al., 2019|, [Goffredo et al., 2023] allows the
exploration and identification of argumentative components over politi-
cal debates, in an automated manner, using argument mining technolo-
gies. It has been applied to analyse political debates from the presi-
dential campaigns of the USA since 1960, and is framed as a tool to
support humanities’ scholars in exploring and analysing textual politi-
cal debates. The argument mining component serves as a backend to a
too]ﬂ that provides different functionalities on the analysed debates, in-

Shttps://isl.ics.forth.gr/debatelab_portal/
%https://disputool.uni.lu/, newer version in: https://3ia-demos.inria.f
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cluding, among others, the (visual) exploration of claims, premises and
their relationships, as well as the identification of named entities and
fallacies.

4 Closed debating systems

In this section, we present several tools that have been used for debat-
ing, i.e., tools which allow the creation, management and/or analysis
of debates. As with the rest of this chapter, the emphasis here is on
the argument exploration and searching functionalities of the presented
tools, many of which also allow various sophisticated visualisations and
analytics. Our focus in this section lies on tools whose main functional-
ity is the management and/or analysis of debates that have been created
within the tool; this is in contrast to Section (3, which focused on sys-
tems that provide searching, analytics and exploration capabilities for
arguments expressed elsewhere and searched by the tool, or retrieved by
the tool for further analysis.

The term “debating” is often used in a very broad sense to include
various types of textual interaction among users. Therefore, we decided
to provide some criteria (requirements) as to which tools are candidates
for inclusion in this section. These requirements are the following:

Frontend The tool should provide a frontend, allowing users to create,
manage, search, explore and/or interact with arguments.

Argument creation The tool should provide functionalities allowing
the expression of opinions or arguments, either as free text, or
using some semi-structured format.

Reactions to arguments The tool should allow reactions (replies) to
other people’s opinions in the form of new opinions that attack
or support the original. We are not interested in other types of
replies (e.g., responses to reviews that are used in standard re-
viewing tools, or the type of responses used in question-answering
platforms like stackoverﬂowm). Votes and other types of struc-
tured reactions are possible, but not mandatory.

r/disputool/.
*Yhttps://stackoverflow.com/
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Argument search and navigation The tool should allow the user to
search arguments, navigate through them and explore their con-
tents. As this is the main focus of this chapter (and section),
we prefer tools that provide advanced argument searching and
navigation/exploration capabilities, including functionalities that
allow analytics, advanced visualisations, and other sense-making
features.

It should be noted that, even under this restrictive understanding,
there are still numerous tools that fit this description and are relevant
for this section. Thus, we had to make a selection, and only consider
the most popular or significant ones. Importantly, some of the older
systems that are presented here are no longer supported, and their URLs
are non-functional; still, we decided to include them, on the basis of
their importance in shaping the current state-of-the-art in the area. All
the chosen systems are presented in Subsection below. Before that,
in Subsection we present a number of concepts that are employed
by the presented systems and may be useful for understanding their
functionality.

4.1 Debating models

In this section, we present three models for debating in the context of
decision-making that are employed by some of the tools to be presented
later (in Subsection [4.2).

The Issue-Based Information Systems (IBIS) model, proposed in
[Kunz and Rittel, 1970], is employed by many of the tools below. IBIS
is a model, based on argumentation, that is used to help users obtain
a better understanding of so-called “wicked problems”, i.e., problems
that are complex, ill-defined and involve multiple stakeholders. IBIS, as
the name implies, is based on issues, which are questions that need to
be answered by positions. Positions can be elaborated upon using pro
and con arguments, i.e., arguments that support or object the respective
position. Arguments themselves can be associated with other pro and
con arguments that support or object the argument. Eventually, this
creates an acyclic graph of arguments, rooted on an issue and including
one or more positions and their pro/con arguments (and their pro/con
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arguments recursively). This graphical representation can be used to
support the dialectical process and to improve sense-making in wicked
problems.

The Quantitative Argumentation Debate (QuAD) framework [Baroni
et al., 2013; Baroni et al., 2015] can be seen as the formal computational
counterpart of the IBIS model. A QuAD framework supports issues,
positions and arguments, in the same manner as IBIS, the only excep-
tion being that, in QuAD, issues cannot be directly linked to arguments.
Moreover, QuAD supports a numerical score assigned to each argument,
which represents its strength, or importance, according to the domain
experts. This score can be used for an automated quantitative evalu-
ation of the debate, and the determination of the “winning” positions
or arguments. For this, different evaluation methods have been pro-
posed in the literature, including, indicatively, [Leite and Martins, 2011}
Egilmez et al., 2013; Patkos et al., 2016b; Patkos et al., 2016a] and
others.

Decision matrices [Pugh, 1991 is another way to visualise wicked
problems in order to make well-informed decisions. The model is based
on a matrix, whose rows correspond to evaluation criteria, and whose
columns correspond to different options. The possible options are eval-
uated against the criteria, resulting in a positive, negative or indifferent
evaluation. The options are then assessed against the criteria, taking
into account weights that represent the importance of each different cri-
terion. Note that this allows an automated quantitative evaluation of
the alternative options.

4.2 List of tools

In this subsection we present some of the most important debating tools
that have appeared online or in the relevant literature. The tools are
organised in groups based on their features, functionality and similari-
ties. Recall that, according to our desiderata set forth in the beginning
of this section, we are listing tools providing an appropriate frontend
that supports argument creation, reactions to arguments and argument
search and navigation capabilities.
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Tools based on the IBIS model. Many of the tools that support
debating are based on the IBIS model, or its computational counterpart,
QuAD, described in Subsection As a matter of fact, almost all of
the academic tools that will be presented here are based on this model.
Below, we present some of these tools.

APOPSI@ provides an IBIS-based platform to support decision-
making dialogues [Ymeralli et al., 2017]. APOPSIS allows users to
enter arguments in a structured form, as well as to react, in differ-
ent ways, to previously-submitted arguments. It proposes a two-phase
discussion process: in the first phase, all possible ideas for solutions
(called positions) to the issue under discussion are gathered, and the
most promising of them (based on users’ reactions) are selected; in
the second phase, no further positions can be introduced, and discus-
sion focuses on those selected positions, in order to understand better
their pros and cons. The process is supported by an automated ar-
gument evaluation procedure, based on sm-dice [Patkos et al., 2016a;
Patkos et al., 2016b|, as well as by sophisticated analytics and visuali-
sations for identifying trends and patterns related to users, their char-
acteristics, and their expressed positions and arguments.

DesignVUE |Aurisicchio and Bracewell, 2013; Baroni et al., 2013}
Baroni et al., 2015 was a decision-support system based on the IBIS
and QuAD models. It supported the creation of IBIS debates and their
automated evaluation. Unfortunately, its online version is no longer
available.

A very similar tool developed by the same group was Quaestio-it
[Evripidou and Toni, 2014], which used to be a popular system for cre-
ating, browsing, analysing and visualising arguments. The website of
quaestio—iﬂl—_zl is no longer maintained, and, to the best of our knowledge,
the tool is no longer available. Quaestio-it allowed both attacking and
supporting arguments.

Arg&Dec |Aurisicchio et al., 2015] (standing for “Argue & Decide”)
was the third tool by the same group (developed after DesignVUE and
Quaestio-it), with similar, but more advanced, functionalities. Unlike

"https://demos.isl.ics.forth.gr/apopsis/
12w, quaestion-it.com
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the other two, it is still supported and available as a web applicatiorﬂ
Arg&Dec aims to assist collaborative decision-making through debating
and argumentation. It is free to use (sign-up required), and supports
collaborative work. Emphasis is placed on the mode of interaction (and
decision-making) and two modes are supported, one based on QuAD
frameworks and one based on Decision Matrices (see Subsection for
details on those decision-making models). Under the QuAD mode of
interaction, users can create and edit different node types and (pro/con)
links between them, as provisioned by the QuAD model. Under the
Decision Matrices model, the users can create the matrix’s rows and
columns (evaluation criteria and options respectively), edit the weights
of rows and the generated cells. The two models are interchangeable, in
the sense that a Decision Matrix can be transformed to a QuAD and vice-
versa. Under both modes, the system provides a visual representation of
the input, and is able to automatically evaluate the debate and propose
prevailing options, along with a numerical score. To further support the
decision-maker, natural language explanations regarding option ranking
are provided, including a speech synthesis functionality.

COLLAGREE [Ito et al., 2015| is an open web-based forum system
aiming to allow large-scale discussion for the purposes of agreeing on a
certain matter (consensus-building). The system employs facilitators,
whose aim is to coordinate, lead, integrate, classify, and summarise dis-
cussions towards consensus. Emphasis is placed on helping facilitators
moderate discussions among many people. The discussions are based
on published issues (in the sense of IBIS), but no strict structure on
the discussion is imposed, and people can submit their opinions as plain
text. Gamification techniques are employed to encourage participation.
Keyword-based search facilities are provided, as well as some function-
alities for sense-making (e.g., sentiment analysis, automated keyword
extraction) and simple visualisations. The system has been employed in
large-scale field experiments, e.g., for an internet-based town meeting in
Nagoya, Japan [Ito et al., 2014] and in the Aichi prefecture, Japan [Ito,
2021].

D-Agree [Ito et al., 2019], [Ito et al., 2022|, [Ito, 2021] is a system
very similar to COLLAGREE, and can be viewed as its continuation in

13http://arganddec.com/
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many aspects. Just like COLAGREE, D-Agree uses the IBIS discussion
model, gamification techniques, keyword-based searching facilities and
visualisations based on a tag cloud. However, D-Agree adds a critical
component compared to COLLAGREE: acknowledging the difficulty of
the moderation task in large-scale discussions, D-Agree employs an au-
tomated facilitation agent that uses deep learning and natural language
processing techniques to support the discussion. In particular, the fa-
cilitator agent is used to capture meaningful sentences and extract the
discussion structure from the texts posted by users in discussions (i.e.,
identifying issues, positions and arguments in the posted free text), so
that users’ interaction is more natural, while at the same time adhering
to the IBIS model. Importantly, the automated facilitator also prompts
the users for additional information, keeping the discussion alive. D-
Agree was also tested in a field test experiment in Nagoya, Japan, as
well as in small-scale controlled experiments. The authors’ experimental
results show that the use of the automated facilitator agent led to a more
lively discussion compared to the scenario of using human facilitators.

Deliberatorium['}] is a rather old, but still active web-based system
for enabling people have productive discussions about complex (so-called
wicked) problems [Gurkan et al., 2010]. As in other tools in this subsec-
tion, Deliberatorium follows the IBIS model. It organises contributions
by topic, rather than submission time, using argumentation maps, and
ensures that cycles and repetitions are kept to a minimum. Towards
this, authors of arguments and other contributions need to follow cer-
tain rules, while moderators are employed to ensure that these rules are
adhered to. In terms of argument search, the functionalities are really
basic: some standard keyword-based searching facilities are supported,
and the discussions are organised in a tree-based structure inspired by
the IBIS model, facilitating sense-making.

Other online debating platforms. Various online debating plat-
forms have emerged from a non-academic setting (e.g., Kialo, CreateDe-
bate). These platforms aim to allow online communities to engage in
discussions and express their opinions. Their business models vary, as
will be seen below.

Mhttps://deliberatorium.mit.edu/


https://deliberatorium.mit.edu/

QUERYING ARGUMENTS AND DEBATES

KialolE is a website run by Kialo Inc., with the aim to “cut through
the noise typically associated with social and online media, making it
easy to engage in focused discussion”. It supports the creation of and
participation in debates on any conceivable topic. It provides numerous
features for organising the ensuing dialogues and the involved arguments,
allowing easy sense-making of lengthy dialogues, as well as different vi-
sualisations of the debate in the form of an argument tree or sunburst
diagram. After login, users can create their own arguments (or debates),
as well as respond and/or react to other users’ arguments in different
ways. Importantly, Kialo allows claims to be associated with external
sources (e.g., scientific reports or articles) that back them up. A custom
version of this platform for educatord'| has been used for class discus-
sion and critical thinking and reasoning, teaching logical fallacies etc.
Kialo is a very interesting success story, as it contains thousands of de-
bates and arguments. The website is free to use, and does not display
advertisements or sell users’ data. Therefore, it produces no revenue
for its maintainer. Instead, the website is used as a “demonstrator” of
Kialo’s capabilities, aiming to sell those functionalities to companies as
a deliberation and decision-making tool.

CreateDebatelE is an online platform that allows users to post a
dilemma, in the form of a statement, and to provoke a debate over the
truth of this statement. The debates consist of textual arguments that
people post as a response to the original statement. An argument can
be further supported or disputed by other users using their own argu-
ments, and users can also ask for clarifications over an argument. The
debate is organised into pro and con “sides”, and the system automat-
ically computes a score for each “side”, encouraging participation in
order to “win” the argument. It also provides some limited forms of
visualisation allowing users to better understand the flow of the debate.
The system’s revenue model seems to be ad-based, and, in fact, the sys-
tem is often being misused for ad-related postings that are irrelevant to
its stated purpose. Nevertheless, it constitutes one of the first systems
that attempted to create a global debating forum of users, aiming at a

Yhttps://www.kialo.com/
https://wuw.kialo-edu.com
""https://wuw.createdebate.com/
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providing a podium for publicly expressing one’s opinion on important
matters.

A similar tool allowing online debates is the web-based discussion
software Arvina [Lawrence et al., 2012a]. Unlike the tools mentioned
earlier in this categoty, Arvina emerged from academic work. Arvina
allows participants to debate a range of topics in real-time in a way that
is structured but at the same time unobtrusive. Arvina maintains flexi-
bility in dialogue structure by using protocols written using the Dialogue
Game Description Language (DGDL) [Bex et al., 2014] to structure the
discussion between participants. Such protocols determine which types
of moves can be made (e.g. questioning, claiming, etc.), when these
moves can be made (e.g. a dialogue starts with a claim; question moves
can only made in the turn directly following a claim; etc.), and describe
how each move updates the argument structure of the discussion taking
place.

Arvina can support multiple human users interacting in the same
dialogue, as well as incorporating software agents representing (the ar-
guments of) specific authors who have their opinions stored in AIFdb
[Lawrence et al., 2012b|. So, for example, say that a user has constructed
a complex, multi-layered argument using the OVA argument analysis
tool [Janier et al., 2014], concerning the use of nuclear weapons. An
agent representing this user can then be added to an Arvina discussion
and questioned about these opinions, with the agent answering by giving
the user’s pre-annotated opinions.

Tools employing structured arguments. All the debating tools
presented above support free-text, unstructured arguments. Thus, the
structure they impose lies on the debate level, rather than the argu-
ment level. Two debating tools, Gorgias-B |Spanoudakis et al., 2021}
Spanoudakis et al., 2022, and Carneades [Walton and Gordon, 2012,
[Walton and Gordon, 2017| stand out from the rest in the sense that
they employ structured arguments, which allow them to provide more
sophisticated analysis and reasoning functionalities. We present them
below.

Gorgias-B [Spanoudakis et al., 2021} Spanoudakis et al., 2022] is a



QUERYING ARGUMENTS AND DEBATES

reasoning and argumentation too@ developed through a series of pub-
lications, and based on an earlier tool called Gorgiaﬂ The stated
purpose of Gorgias-B is to allow users to make informed decisions over
a set of options, based on a thorough modelling of the underlying situ-
ation. Gorgias-B does not take as input free-text arguments; instead, it
prompts registered users to define facts (predicates) and to connect them
to form structured arguments (logical rules) and counter-arguments (or
exceptions). Preferences, priorities and default options can also be de-
fined graphically. In this sense, it can be seen as a no-code programming
tool for declarative programming, with argumentation semantics. Once
the domain has been modelled, specific scenarios (i.e., situations in which
certain facts are true and others are false) can be input to the system in
order for that scenario to be evaluated (reasoned upon) automatically
by the system based on the domain knowledge. Explanations over the
system’s output are also provided.

Carneades [Walton and Gordon, 2012], [Walton and Gordon, 2017
is a too]lﬂ for representing and evaluating arguments, currently in its
fourth version. Carneades uses a graph-based representation of argu-
ments, where each node of the graph can be either a statement or an
argument. Statements represent propositions that can be true or false,
and function as premises or conclusions of arguments. The premises
and conclusions of a given argument are determined via links (edges)
between the respective argument node and the statements that repre-
sent its premises and conclusions, thereby explicitly representing the
structure of an argument. Carneades is heavily based on previous work
by Walton on argumentation schemes [Macagno et al., 2018|, which are
used for reasoning, argument evaluation, as well as for argument in-
vention, i.e., the construction of arguments from statements known to
be true. In terms of interaction with the user, Carneades supports a
visual display of arguments, which is based on the user’s specification
of the statements considered true and on the ensuing evaluation which
determines the (non-)acceptable arguments.

Bhttp://gorgiasb.tuc.gr/
Yhttp://www.cs.ucy.ac.cy/~nkd/gorgias/
2Onttps://carneades.github.io/
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5 Conclusion

The evolution of the Web from a unidirectional information conduit to
an interactive platform for global discourse has redefined the nature
of user engagement, with the capacity for active contribution, debate,
and exchange of ideas permeating every facet of online communication.
Arguments, discussions, and viewpoints proliferate across diverse plat-
forms, from social media to specialised forums, embodying a rich col-
lection of perspectives and insights. Yet, amidst this expansive realm
of user-generated content lies the challenge of navigating and accessing
pertinent arguments efficiently.

As the volume of opinions and arguments grows, the significance of
tools for discerning relevant content becomes paramount. Traditional
keyword-based searches, while helpful, fall short when confronted with
the intricacies of argumentative content. Arguments possess inherent
structure and interconnectedness, demanding nuanced search capabil-
ities beyond simplistic keyword queries. The quest for suitable tools
intertwines with the necessity to encompass the structural complexities
inherent in debates, prompting the exploration of specific tools for creat-
ing, navigating and searching online debates. In this chapter we have ex-
plored three fundamental areas: structured argument query languages,
argument retrieval systems, and closed debating systems. Although sub-
stantial advances have been made in each of these, it is evident that there
is still much to be done to improve their utility and reach.

5.1 Future directions

Existing argument search tools are often limited in both their scope and
functionality, relying on pre-structured material and limiting the results
returned to either related documents, or lists of reasons pro and con.
Advances in Argument Mining may help to address the first of these
issues, opening up unstructured text to the same search techniques cur-
rently available for structured argument data. In parallel to broadening
the scope of data which can be searched, improvements can also be made
in the types of search available, from simple keyword search identifying
related arguments, to the ability for a user to provide a (partially spec-
ified) argument graph as input and return arguments whose structure
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corresponds to the input graph.

Argument search can be broken down into a number of individual
component steps: retrieval of relevant documents, identification of target
argument components within these documents, ranking of components,
and display of the identified results. While the first of these steps, re-
trieval of relevant documents, is an essential task, it largely relies on
improvements in standard information retrieval techniques, and does
not strictly depend upon any argument structure. The remaining three
tasks on the other hand are all areas in which argument search tools
could be directly improved. In terms of identifying target argument
components within documents, not only can accuracy be improved by
ongoing advances in argument mining, but as these techniques mature,
the possibilities for more detailed queries grow. For example, a user
could specify a particular graph as input and the search tool could re-
turn arguments whose structure corresponds to the input graph. Similar
advances are also possible in improving the ranking of results. For ex-
ample, incorporating elements of Argument Analytics [Lawrence et al.,
2016] to supplement relevance with factors such as criticality or divisive-
ness of returned arguments. Finally, although some search tools offer
visualisations of results, many just display lists of pro and con points.
In these cases, there is considerable potential for incorporating richer
visualisations which place arguments in their broader context and allow
for fluid exploration of related points.

Whilst current debating systems allow for creation, management and
analysis of debates, these tools almost exclusively represent isolated plat-
forms lacking in interoperability and wider adoption. Future work in this
area needs to address this issue, developing shared underlying concepts
and a unified data fabric, as well as providing opportunities for integra-
tion with existing online platforms. The ability for a user to highlight
a span of text anywhere on the Web, see reasons for and against from
a broad range of sources, and provide their own structured response,
would move such tools beyond niche communities and open them up to
a global audience.
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