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Introduction

Welcome to CMNA X!

The series of workshops on Computational Models of Natural Argument has
reached its 10th anniversary, with the current edition hosted in 2010 with ECAI
in the beautiful Lisbon.

The longest standing event on Argument and Computation, CMNA has al-
ways been characterised by its aiming at the broader interdisciplinary audience,
interested in natural, that is “real” argumentation. Naturalness may involve the
use of means which are more immediate than language to illustrate a point,
such as graphics or multimedia. Naturalness can also relate to the preference
for one particular style of reasoning as opposed to another to structure complex
arguments. Or to the use of more sophisticated rhetorical devices, interacting at
various layers of abstraction. Or the exploitation of “extra-rational” character-
istics of the audience, taking into account emotions and affective factors.

The current edition is no different in presenting a broad showcase of uses and
models of natural argumentation, from the linguistic perspective to the interface
issues, from the more formal approaches to the rhetorical and persuasive aspects,
and with applications ranging from the medical, to the legal, the educational,
the political and the security one.

CMNA will not be possible without the unvalued contribution of our pro-
gramme committee. They have worked very hard in providing top quality, de-
tailed reviews: on busy times like these, we are profoundly grateful for their
tremendous support.

We hope you will enjoy CMNA X variegated programme, and we look for-
ward, as always, to creative and stimulating discussions.

Chris Reed
Floriana Grasso
Nancy Green






Table of Contents

Argumentation and explanation in the context of dialogue .............
Floris Bex, Katarzyna Budzynska

Towards the Model of Central and Peripheral Arguments ..............
Katarzyna Budzynska

Applying Argumentation to Enhance Dialogues in Social Networks .. . ...
Stella Heras, Katie Atkinson, Vicent Botti, Floriana Grasso, Vicente
Julian, Peter McBurney

About the Ways of CriticiSm .......... ...t
Erik C. W. Krabbe, Jan Albert van Laar

Generating Abstractive Summaries of Conversations through Automatic
Argumentative Analysis ........ ...
Vincenzo Pallotta, Rodolfo Delmonte

Handling explanation in operational contexts .........................
Patrick Saint-Dizier

Obligationes as Formal Dialogue Systems .............. ... ... ... . ...
Sara L. Uckelman

Working on the Argument Pipeline: Through Flow Issues between

Natural Language Argument, Instantiated Arguments, and

Argumentation Frameworks ............ .. .. ..
Adam Wyner, Tom van Engers, Anthony Hunter

The <TextCoop> Platform. Analyzing arguments in procedural texts ...
Thomas de Filippo, Laureline Marsal, Patrick Saint-Dizier






Argumentation and explanation in the context of dialogue

Floris Bex! and Katarzyna Budzynska?

Abstract. Whilst computational argumentation and computational
explanation have both been studied intensively in Al, models that in-
corporate both types of reasoning are only just starting to emerge.
The two forms of reasoning need to be clearly distinguished, as they
may influence dialogue protocol and strategy. We show that this dis-
tinction can be made by considering the speech acts used to put forth
the reasoning structures. Using the language of the Argument Inter-
change Format, ideas from speech act theory are integrated into a
conceptual model that allows us to perform both argumentative and
explanatory reasoning.

1 INTRODUCTION

Reasoning can be characterized as the process of moving from cer-
tain starting statements, assumptions or premises, to other state-
ments, conclusions [17]. At the same time, reasoning is also the out-
come of this process (i.e. the product), a static structure. Reasoning
is typically used in the context of argumentation, where premises are
offered as proof of a conclusion or a claim often in order to persuade
someone or settle an issue. However, reasoning is also used in the
context of explanation, where the explananda (facts to be explained)
are explained by a coherent set of explanans (facts that explain). The
usual purpose of explanation is not necessarily to convince someone
but rather to help someone understand why the explananda are the
case. In this paper, we aim to explore the similarities and differences
between argumentation and explanation and make a first step towards
an integrated computational model of the two.

Both argumentation and explanation are well-presented in their
respective sub-fields of AI. A number of computational models of
argumentation have emerged and matured in the past twenty-or-so
years [10] and the computational aspects of the dialectics of argu-
ment (cf. [6]) and of the structure of argument [9] are well under-
stood. Computational models for explanation are mainly based on
the technique of abductive (model-based) reasoning, which has been
studied in the context of medical and system diagnosis (e.g. [3, 8]);
other examples of computational explanation are [4], who models
explanatory dialogues, and [14], who uses explanations for natural
language understanding. Despite the important role explanations can
play in argumentative dialogue, there have not been many attempts
to combine argumentation and explanation into one formal model.
Perhaps the most thorough work thus far is [2], who combines struc-
tured arguments (cf. [10]) with abductive-causal reasoning into one
model of inference to the best explanation. Other formal work that
mentions both explanation and argumentation is [8].
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Argumentation and explanation are often used in concert when
performing complex reasoning: explanations can themselves be the
subject of argumentation or they may be used in an argumentative
way. Hence, we need a model that integrates argumentation and ex-
planation. In such a model, the two types of reasoning should be
clearly distinguished, because argumentation and explanation have
different properties and in a dialogical setting the difference can in-
fluence protocol and strategies of dialogue. This distinction is not
always easy to make because of the overlap between argumentation
and explanation and the shifting between them in complex dialogue.
It is even more complicated in the case of “reasoning-as-product”,
that is, distinguishing between static arguments and explanations,
which often have a similar (logical) structure.

In our opinion, the only way to distinguish between argumentation
and explanation is by looking at the context in which the reasoning
was originally performed. In this paper, we concentrate on the con-
textual property of the intention of the speaker. We are interested in
how to represent the connection between the intentions and the static
reasoning structure under consideration. In this paper, we show that
this connection can be made by using ideas from speech act theory
[15]. More specifically, not the propositional contents of a speech act
(i.e. that which forms the static reasoning structure) but rather the il-
locutionary force of the speech act in a dialogue determines whether
reasoning is argumentation or explanation. We will use the concep-
tual model of the Argument Interchange Format [5, 12] so as to pro-
vide a model that is not tied to any specific dialogue or argument
formalism.

The rest of this paper is organized as follows. In section 2 we elab-
orate on the (structural and contextual) similarities and differences
between argumentation and explanation and we give some intuitive
examples of both types of reasoning. Section 3 discusses our ideas
for a conceptual framework for argumentation and explanation. Fi-
nally, section 4 discusses some preliminary conclusions and ideas
for future research.

2 SIMILARITIES AND DIFFERENCES

Argumentation is a type of reasoning used in a specific probative

function, to prove a claim [17]. By its very nature, it involves some

sort of opposition between parties® and reasons are not just given to
support for a conclusion but also to remove an opponent’s doubts
about this conclusion. For example, a reasoning « - (3 is argumenta-
tion when 3 is questioned (dubious) and a proponent of this argument
uses « not only to support 3, but also to remove an opponent’s doubts
about (3. Explanation, on the other hand, has not as its main goal to
prove but rather to explicate why something is the case. Explanation

3 Hence the use of the term “calculi of opposition” for argumentation-
theoretic semantics that allow one to calculate the acceptability of argu-
ments.



in its purest form is not inherently dialectical and an explanation is
given to help the other party, not to convince them. Consider the fol-
lowing example. Say I arrive at work at ten in the morning and my
boss asks why I am late. I can either explain to him that the bridge
was open and that I had to wait or I can argue that I am not “late”,
because my contract does not specify the exact hours I have to be at
the office. In first case, I am answering my boss’ question by explain-
ing to him what caused my being late. In the latter case, I am arguing
against my boss claim that I am late.

Argumentation and explanation are often used in conjunction. Ex-
planations can themselves be the subject of argumentation, as one
may argue in support or in opposition of a particular explanation or
parts of it. For example, if my boss questions my explanation by ar-
guing that I never cross a bridge on my way to work, I can argue (e.g.
by providing evidence) that I do. Furthermore, explanations may be
used in an argumentative way, as having someone agree to a partic-
ular explanation of a phenomenon might help us to persuade them.
For example, if my boss accepts my explanation for being late I might
convince him not to fire me.

Because argumentation and explanation are often intertwined in
complex reasoning, they can sometimes be hard to distinguish from
one another. However, it is important that we do distinguish the two
types of reasoning. Apart from providing a measure of conceptual
neatness, there are also more concrete reasons for not confusing
the two types of reasoning. One of them is that circular arguments
are usually considered fallacious while circular explanations are not.
Take [18]’s recession example. An economist is asked why the econ-
omy is in recession in a certain state at present, and she replies:
“Right now a lot of people are leaving the state, because taxes are
too high”. But when asked why taxes are so high, she responds:
“Well, a lot of people are unemployed, because of the recession”.
The economist has not committed the fallacy of arguing in a circle,
because he was explaining human behavior which has inherent feed-
back loops. The second reason for correctly distinguishing between
argument and explanation is that the type of reasoning used might
influence the allowed and desired moves in a dialogue. The ways in
which to correctly respond to an explanation are different from the
ways in which one should respond to argumentation; for example, it
does often not make sense for the other party to deny the explananda
whilst it does make sense to deny the conclusion of an argument.
Similarly, a request for information is often better met by explaining
something than by arguing that something is the case.

One possible way of distinguishing between argumentation and
explanation might be to look at the product of reasoning, that is, the
argument or the explanation put forth, and the structure and type of
this product. At first sight, it often seems an explanation is abductive
and causal whilst an argument is modus-ponens style, non-causal
reasoning. The basic idea of abductive inference is that if we have
a general rule « — (3, meaning « causes (3, and we observe 3,
we are allowed to infer « as a possible explanation of 3. In contrast,
argumentation is often seen as reasoning from a premise « to a con-
clusion 3 through an inference rule « — (3, where this rule need
not necessarily be causal. However, as it turns out it is also possible
to give abductive or causal arguments (see e.g. [19]’s argument from
evidence to hypothesis and causal argument). Similarly, one may per-
form explanatory reasoning by taking a rule 5 — «, meaning (3 is
evidence for o (see [2] for a discussion on evidential and causal rea-
soning).

In our opinion, the distinction between argumentation and expla-
nation is not one that is inherent to the product of reasoning, the static
structure. Rather, the distinction follows from the dialogical context

in which the reasoning was originally performed. In order to deter-
mine this context, we need not just look at the original intention of
the speaker but also at the broader dialogical context, such as the ut-
terance that was replied to by the speaker and the intentions of the
other participants. In other words, the context is largely determined
by the speech acts that were performed (see e.g. [16] for the very
basic concepts of the speech act theory needed in this paper).

According to the pragmatic theory of speech act, argumentation
and explanation can be treated as different speech acts. A speech act
Fa, such as: claima, whya, consists of an illocutionary force F and
a propositional content «.. An illocutionary force is an intention of
uttering a propositional content. That is, the performer of a speech
act may utter « with an intention of asserting, asking, promising and
SO on.

Originally, Searle & Vanderveken recognized argumentation as an
instance of content’s property, i.e. arguec is a speech act consisting
of an assertive illocutionary force of uttering o which is a conclu-
sion intended to be supported by premises that the performer of the
speech act provides: “When one argues that P one asserts that P and
gives reasons which support the proposition that P, normally with
the perlocutionary intention of convincing the hearer that P [16, p.
184]. Observe that in such an account premises of a reasoning are
hidden. For example, the argumentation “I am not late, because my
contract does not specify the exact hours I have to be at the office”
has to be formalized as arguep, where p represents the conclusion “I
am not late”, while the premise “My contract does not specify the
exact hours I have to be at the office” remains unexpressed in the
formalization.

We use a different approach proposed in [1], where argumentation
and explanation are both instances of illocutionary acts that repre-
sent a relation between premises and conclusions: argue(c, 3) and
explain(c, 3), where o denotes a conclusion and 3 denotes premises.
The distinction between argumentation and explanation cannot just
be made by looking at the original speech act; one also needs to con-
sider the broader dialogical context. In the next section, we show how
this can be represented in the AIFT.

3 SPECIFICATION IN THE AIF*

In this section, we present how in general the AIF" describes argu-
ment and its context (Section 3.1). Then, we propose how to model
argumentation and explanation in the AIFT (Section 3.2) and finally
we show how they can be represented as a context of reasoning (Sec-
tion 3.3).

3.1 Architecture of the AIFT

The AIF+[13] is a dialogical extensions to the Argument Interchange
Format, AIF (see e.g. [5]). The AIF is an attempt to bring together
a wide variety of argumentation technologies so that they can work
together. The AIFT extends this approach by allowing to explicitly
handle the context of dialogue in which a reasoning is put forth. It en-
ables to connect the locutions uttered during a dialogue (arguments)
and the underlying arguments expressed by the content of those lo-
cutions (argument; ).

In the AIF™, the argument; is represented by two kinds of nodes:

e information (I-) nodes, which refer to data, and
e scheme (S-) nodes, which refer to the passage between informa-
tion nodes, which are classified into three groups:

— rule application (RA-) nodes which correspond to inference or
support,
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— conflict application (CA-) nodes which correspond to conflict
or refutation,

— preference application (PA-) nodes which correspond to value
judgments or preference orderings.

The arguments is also described by two types of nodes:

e locution nodes (L-), which refer to utterances and constitute a sub-
class of information nodes, and

e transition application (TA-) nodes, which refer to the passage
between locutions and constitute a subclass of rule application
nodes.

The TA-nodes are governed by the protocol of a dialogue system,
recording e.g. that a given assertion has been made in response to an
earlier question. [12] shows two examples of protocols that can be
represented in the AIF+: the Two Party Immediate Response (TPI)
[7] and Argument Scheme Dialogue (ASD) [11].

The interaction between argument; and arguments is captured by
means of two types of illocutionary application (YA-) nodes [12]:

e the YA-nodes between I-nodes and L-nodes, and
e the YA-nodes between RA-nodes and TA-nodes.

For example, an YA-node may represent the relation between an as-
sertion claima with its propositional content o.. The YA-link is deter-
mined and warranted (authorized) by the constitutive rules for speech
acts [15]. These rules determine what constitutes a successful speech
act. For example, an assertion may be unsuccessful and attacked, if
its performer did not have enough evidence for the statement or he
declared what he actually disbelieves.

3.2 YA-nodes

In this section, we propose the specification of argumentation and
explanation in the AIFT. We will illustrate it on the example adapted
from [18].

Allen The Evanston City Council should make it illegal to tear down
the city’s old warehouses.

Beth What'’s the justification for preserving them?

Allen The warehouses are valuable architecturally.

Beth Why are they so valuable?

Allen The older buildings lend the town its distinctive character.

Walton points out that Allen’ first response is argumentation, while
a second one is explanation. We follow this assumption without fur-
ther considerations.

In the dialogue between Allen and Beth (see Fig. 1), the argument,
consists of five speech acts represented by L-nodes (we use abbrevia-
tion L; to denote subsequent locution nodes). The argument; consists
of three propositions represented by I-nodes (I; means subsequent
information nodes). The interaction between the argument, and the
argument, is described by means of the YA-nodes. The speech acts
L1, Ls and Ls have assertive illocutionary force connecting them
with propositional contents I, I> and I3, respectively. The passage
between L (resp. L3, Ls) and I; (resp. I2, I3) is represented by YA
(resp. YA4, YA7). The illocutionary node YAz (resp. YAs) links the
directive Lo (resp. L4) and its propositional content I; (resp. I2): not
all YA-nodes are assertive schemes.

The most interesting is the complex type of illocutionary force
which could be treated as intention of arguing and explaining. In the
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I, The Evanston City
Council should make it
illegal to tear down the

city’s old warehouses

L, Allen: The Evanston City Council
should make it illegal to tear down the
city’s old warehouses

0

¥

YA,

L, Beth: What's the justification for
preserving them?

A
T, () RA,
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character

)

Figure 1. The AIFT description of the example from [18]

ATFT, the complex illocution is represented by the YA-nodes be-
tween RA-nodes and TA-nodes [12]. In Fig. 1, there are two such
nodes: YAs and YA¢. According to the assumption made above, YAs
corresponds to argumentation and YAg to explanation. The illocu-
tion YAs links Allen’s response to Beth’s challenge (i.e. TA2) with
the argument “The warehouses are valuable architecturally” for the
claim “The Evanston City Council should make it illegal to tear down
the citys old warehouses” (i.e. RA1). This captures the intuition that
Allen’s argumentation is invoked by Beth’s challenge. On the other
hand, the illocution YA3 links Allen’s response to Beth’s request for
information (i.e. TA4) with the explanation “The older buildings lend
the town its distinctive character” for the claim “The warehouses are
valuable architecturally” (i.e. RA2). This captures the intuition that
Allen’s explanation is invoked by Beth’s request for information.

Observe that we could represent argumentation and explanation as
YA4 and YA7, respectively. However, in such a representation they
are indistinguishable from simple assertion. Assigning argumenta-
tion and explanation to the TA- and RA-nodes captures the intuition
that they are social processes that emerge from the interaction be-
tween agents such that one agent responds to interlocutor’s request
for justification or explanation.

3.3 Context of reasoning

In Section 2, we emphasized that argumentation and explanation can
be distinguished not by the structural properties of an underlying rea-
soning, but by its contextual properties. In this section, we propose
how to model argumentation and explanation as a context of reason-
ing.

In the AIFT, the context of reasoning structure is represented by
argumentz, in which a reasoning was performed, as well as by the
interaction between argument; and argument,. The structural indis-
tinguishability of argumentation and explanation means that the same
structure may be either argumentation or explanation depending on
the intentions of the speaker who performed a given speech act. Con-
sider the following dialogue between John and Ann.



John The warehouses are valuable architecturally.
Ann Why? I don’t think so!
John The older buildings lend the town its distinctive character.

Observe that in this dialogue we have the same reasoning structure
(argument; ) as in the previous dialogue: “The warehouses are valu-
able architecturally, since the older buildings lend the town its dis-
tinctive character”, however, the intentions of providing the premise
are different in the case of John and in the case of Allen. That is,
John utters the premise “The older buildings lend the town its dis-
tinctive character” to argue (prove) the conclusion “The warehouses
are valuable architecturally”, while Allen utters the same premise to
explain (make understandable) the conclusion.

L; Allen: The
older buildings
lend the town
its distinctive

character

L; Allen: The L, Beth: Why?
warehouses B

Idon’t
are valuable

B understand
architecturally

I, The Iz.The older
buildings lend
warehouses s
RA, the town its
are valuable A
distinctive

architecturally character

L,o John: The
older buildings
lend the town
its distinctive

character

L,,John: The

warehouses Ly Ann: Why?
are valuable | disagree

architecturally

Figure 2. The same reasoning structure in different contexts

Fig. 2 shows how the distinction between reasoning contexts can
be captured. Say that the moves in the dialogue between John and
Ann are represented by Lo7, Log and Lag. The passage between those
moves are modeled by TA27 and TA2s. The fragment of the previous
dialogue (represented by L3 L4 Ls and TA3, TA4) generates the rea-
soning structure modeled by Iz, I3 and RA». Since the John-Ann dia-
logue refers to the same reasoning structure, the nodes Loz, Log, Log,
TA27 and TA2g should be related to the nodes Iz, I3 and RA». In Fig.
2, we focus on the relation that corresponds to the intentions of ar-
gumentation and explanation. If Allen’s response to Beth’s question
was intended to explain Beth why the older buildings lend the town
its distinctive character, then the node TA4 should be linked with the
node RA2 by means of an explanatory type of YA-node (denoted as
expl in Fig. 2). On the other hand, if John’s response to Ann’s ques-
tion was intended to prove Ann why the older buildings lend the town
its distinctive character, then the node TAog should be linked with the
node RAs by means of an argumentative type of YA-node (denoted
as arg in Fig. 2).

4 CONCLUSIONS AND FUTURE WORK

In the paper, we propose the basic framework for representing argu-
mentation and explanation as the context of reasoning with the use of
the AIFT language. We propose to model them as the YA-nodes that
link together the TA-nodes and the RA-nodes. The TA-nodes corre-
spond to the response of an interlocutor in a dialogue that consists
in giving the justification (in the case of argumentation) or expla-
nation. The RA-nodes correspond to the reasoning structure which

originates from the interaction between interlocutors in a dialogue.
Thus, we show how illucutionary force can be used to distinguish
between the two types of reasoning. This presents a good basis for
further research on the subject. In particular, it would be interesting
to see how the semi-formal AIF+ specification relates to a more for-
mal framework for argumentation and explanation, such as [2].
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Towards the Model of Central and Peripheral Arguments

Katarzyna Budzynska'

Abstract. The paper lays foundations for the computational model
of persuasive argumentation. It is inspired by the elaboration likeli-
hood model (ELM) proposed by Petty and Cacioppo. The ELM is
one of the most influential contemporary theories of persuasion in
social psychology. It assumes that there are two routes to persuasion
and two types of persuasive means (arguments): central and periph-
eral. The central route to persuasion (CR) is related to content-based
arguments, while the peripheral route (PR) is related to unsubstantial
kind of impact, such as credibility or attractiveness of the source of
information.

1 INTRODUCTION

In most of the cases, natural arguments have a persuasive function,
i.e. they are put forth to make others believe or do something. There-
fore, in real-life practice argumentation combines aspects related to
the logical structures of reasoning with the rhetorical (persuasive)
aim of its performance. While in theory of argumentation the struc-
ture of arguments is well studied (see e.g. [17, 12, 20, 11]), their
persuasive nature is less explored. Moreover, the analysis of com-
munication in natural contexts requires models which determine not
only how to correctly build argumentation (such as models provided
by logic-oriented theories), but also models which allow to recon-
struct messages adequately to how people actually build arguments
(such as models based on psychological theories). Such analysis shall
start with a psychology-based type of model, which would enable to
reconstruct components that people actually identify in a communi-
cation. Next step would be to use a logical model which allows to
evaluate this message. In particular, we could analyze if arguments
support a claim in the satisfactory degree, if sources of information
can be trusted, etc.

As a result, there is a need to combine logical approaches with
theories of persuasion. Theory of argumentation exploits some ele-
ments of rhetoric. Computational models of arguments (such as e.g.
ARGUMED [19], Araucaria [15], the AIF [4], ArgDF [14] or Avi-
cenna [13]) find particularly important the concept of argumentation
schemes which corresponds to the classical idea of topoi [1]. How-
ever, there have not been many attempts to use theories of persuasion,
which has been developed more recently. The rich source of such the-
ories is social psychology (see [6] for an overview). To the best of the
author’s knowledge, the only model that directly links computational
approach with social psychology is the model inspired by cognitive
coherence theory proposed by Pasquier et al [7]. Cognitive coherence
is used to represent the cognitive aspects of communication through
the concept of attitude change which captures the persuasive aspect
inherent to each types of communication including argumentation.
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This paper considers the possibility of exploiting another theory
from social psychology in the computational models of natural ar-
gument. The elaboration likelihood model (ELM) proposed by Petty
and Cacioppo [8] is one of the most influential contemporary the-
ory of persuasion. The ELM proved its importance as a theory which
allowed to explain the inconsistency in the results of experiments.
Other psychological models assumed one route to persuasion and
one type of persuasive means (arguments). The ELM suggested that
there are two routes and two types of means: central and peripheral.
The two-route theory turned out to predict the results of experiments
more adequately. It showed why one factor was important in some
experiments, while in others it played insignificant role. In fact, the
significance of a factor depends on the route which is activated in the
particular experiment.

The central route to persuasion (CR) is related to content-based
arguments, while the peripheral route (PR) is related to unsubstan-
tial kind of impact, such as credibility or attractiveness of the source
of information or the influence on emotions of the receivers (audi-
ence). In the CR, the outcome of persuasive effort is the result of the
receiver’s thoughtful consideration of issue-relevant material of the
message. When the CR-processes are engaged, the quality (strength)
of arguments’ content is likely to influence persuasive success. On
the other hand, in the PR the outcome of persuasion is the result of
less thoughtful processes, such as some heuristic (a simplifying deci-
sion rule). The persuasive success is influenced by cues other than an
argument’s content, e.g., the receiver might reach a conclusion based
on the communicator’s credibility or likeability. In consequence, the
PR-arguments, e.g. built upon someone’s credibility, were an impor-
tant factor in the experiments, in which the peripheral route was ac-
tivated, while it was insignificant in those cases, in which the central
route was dominant [10].

The likelihood that a receiver will engage in elaboration (issue-
relevant thinking) depends on the elaboration ability (such as e.g.
prior background knowledge or the presence of distraction in the
communication setting) and the elaboration motivation (such as e.g.
the receiver involvement, i.e., the personal relevance of the issue).
For example, when an issue is not involving and there is some dis-
traction present, the receiver may rely on PR-arguments such as the
communicator’s expertise. In such a case, high-credibility communi-
cators will be more successful than low-credibility communicators.
On the other hand, when the issue is personally relevant, the quality
of argument content will become more important.

The usage of the PR-arguments has both strengths and weak-
nesses. First, they allow societies to function efficiently. For example,
the PR-arguments based on the mechanism of authority enables to
create the hierarchy in a society, which in turn enables to develop
complex systems of production, defence, etc. [5]. The peripheral
route is also beneficial from the point of view of an individual agent.
It allows him to save time, energy and his “mental resources” in pro-



cessing information he receives. Nowadays, peripheral arguments are
especially (and will become even more) important, since the pace of
life is so fast and the amount of messages received is so high that
it makes processing all of messages in the central route impossi-
ble. However, the peripheral route has also some disadvantages. It
is particularly susceptible to manipulation. The receivers do not fully
control peripheral cues, since they are automatic (“subconsciously
driven”) social means of influence. Thus, it is especially important to
support the skills of identifying and evaluating the elements related
to the peripheral route to persuasion.

The main tasks of the paper are: (1) to bridge the gap in model-
ing persuasive argumentation bringing together traditions of informal
logic, philosophy and social psychology, (2) to extend the model of
argumentation with the components specific for persuasive functions
of communication.

The paper is organized as follows. Section 2 presents a basic
framework for persuasive argumentation. Section 3 proposes the
specification in the AIF language. And Section 4 discusses the char-
acteristic properties of central and peripheral arguments.

2 BASIC FRAMEWORK

One of the tools used to represent and analyze argumentation is the
graph-theoretic method of argument diagramming [17]. In this sec-
tion, I show how this method can be applied to represent persuasive
argumentation inspired by the ELM. I specify the model only for the
relation of support between arguments. In the future work, I want to
enrich this account with the relation of attack.

Let D be a digraph (directed graph) (V, E) representing the nerwork
of persuasive arguments, where:

e V is aset of vertices (nodes), what in argument diagramming cor-
responds to messages (formulas that are premises or conclusions),

e F is aset of arrows (directed edges) which are 2-element ordered
pairs of V/, what in argument diagramming corresponds to the re-
lation of support (not the relation of attack).

For a digraph, two maps are defined init: £ — V,and ter: £ — V,
which assign to every edge e an initial vertex init(e) and a terminal
vertex ter(e). If (init(e), ter(e)) = (x, y), then we will write ¢ = zy.

In the standard approach there is one type of vertices in a digraph.
A digraph for the model of persuasive argumentation needs to repre-
sent two types of vertices representing CR-arguments (in a diagram
marked with a solid line) and PR-arguments (marked with a dot-
ted line). The CR-arguments are central arguments that are content-
based and involves issue-relevant thinking, while the PR-arguments
are peripheral arguments that includes means such as credibility or
attractiveness of communicator, expert opinion, testimony, popular
opinion or audience’s emotions. Thus, we distinguish two types of
vertices V(D) by defining the mapping that allows to color them
with two colors C'R and PR corresponding to two types of routes,
i.e. central and peripheral:

Let D be a digraph (V, E). A vertex coloring for the model of per-
suasive argumentation is amap ¢ : V — {CR, PR}.

In tools that uses the method of argument visualization (such as
e.g. Araucaria), there may be a need to diagram not only the whole
argumentative text, but also these of its parts which uses the periph-
eral route. For example, if we analyze and visually represent a mes-
sage, we may want to have a general view where in this message PR-

arguments were involved. It is especially important, when the analyst
want to find those parts of the message which are potentially suscep-
tible to manipulation. As a result, it can support the skills of identi-
fying and evaluating the elements related to the peripheral route to
persuasion.

The simplest way to “extract” PR-arguments is to subtract the set
of vertices colored with C'R from the set of all vertices. We will call
it a maximal separation and a PR-digraph obtained, written D5 3",
will represent only those arguments which are peripheral. The CR-
digraph for maximal separation can be obtained in a similar manner.

Let D = (V,E) be a network of persuasive arguments. Periph-

max

eral directed subgraph for maximal separation D" C D is a pair

(VBE®, EBE") such that:

o ViE® ={z e V]c(z)=PR}
o Epp" ={ry € E|z € VPE" Ny € VPR"}

Consider an example given in Fig. 1. Say that a case 1.1 shows a
network of persuasive arguments D. Then, a case 1.2 represents the
result of maximal separation. The set V5 5'® consists of the vertices
from V' which are colored with PR, i.e. b, d and e. The edges E5R",
that remained after maximal subtraction, have to start and end in pe-

ripherally colored vertices, i.e. ed.
@

(1)

()

3)

(4)

Figure 1. An example of a digraph for persuasive argumentation (1), and
separation between CR- and PR-arguments: (2) maximal, (3) partial, and (4)
minimal

Such an operation allows to “quickly” separate those fragments of
a text that uses the peripheral route from those based on the central
route. This could be useful in some applications. However, it may
also be not easy to analyze a diagram obtained. In more complex di-
agrams, the visual representation may become “inconsistent” or “dis-
continuous”, what can make it difficult to see the general picture of
interrelation among the particular fragments of the text (compare Fig.
1.2 with 1.1). Perhaps, the more useful would be to “remove” those
CR-arguments which do not “disconnect” a network of persuasive ar-
guments. We will call it a partial separation and a PR-digraph, written
DP2Et,is obtained by subtracting those CR-arguments which are not
supported by any peripheral arguments. In this manner, the “continu-
ity” of a diagram is prevented and a main conclusion remains at the
diagram even if it is central (see Fig. 1.3). The CR-digraph for partial
separation can be obtained in a similar manner.

Let D = (V,E) be a network of persuasive arguments. Periph-
eral directed subgraph for partial separation D%%" C D is a pair
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(VBT E%%) such that:

o Vi ={z € V|c(x)=PR V (c(z) = CRAIr1..xnz C
D(c(z;) = PR for i € {1,...,n}))}
o X' ={ay € Elx e VEY Ny e VEY'}

The set VA% " contains those elements of V, which are: either periph-
eral (e.g. the vertices b, d, e in Fig. 1.3), or central (e.g. a in the case
1.3) but there need to be a path in D ending at this central element
(e.g. the path edcba) such that one of path’s element is peripheral
(e.g. b). The set E}';“};t, that remained after partial subtraction, has to
start and end in vertices belonging to VA5 ", e.g. cb or ba.

We may also want to have “continuous” subgraph which not only
does not start, but also does not end in the CR-arguments. We will
call it a minimal separation and a PR-digraph, written D'5&", is ob-
tained by subtracting those CR-arguments which are not supported
by any PR-arguments or not supporting any PR-arguments. In this
manner, the “continuity” of a diagram is prevented, however, a main
conclusion may be removed from the diagram, if it is central. The
CR-digraph for minimal separation can be obtained in a similar man-
ner.

Let D = (V,E) be a network of persuasive arguments. Periph-

eral directed subgraph for minimal separation Dpr* C D is a pair
(VER™, EBE") such that:

o VB = {z € V| ¢() = PR V (c(z) = CRA
Ir122. . TmTTmy1...n C D (c(x;) = PR for i €
{1,...,m}Ac(z;) = PR for je{m+1,...,n}))}

o EP' ={zy € E|xz € VFR" Ay € VER"

The set VZ%" contains those elements of V, which are: either pe-
ripheral (e.g. b, d, e in Fig. 1.4), or central (e.g. c in the case 1.4), but
there need to be a path in D (e.g. the path dcb) such that this central
element has to follow a PR-argument (in this case, the element d)
and has to be followed by a PR-argument (in this case, the element
b). Observe that a is removed from a diagram D, since no peripheral
argument follows a. The set E%&", that remained after minimal sub-
traction, have to start and end in vertices belonging to VF%", e.g. cb,
but not ba (since a ¢ VIL™).

3 SPECIFICATION IN THE AIF

The Argument Interchange Format, AIF (see e.g. [4]), is an attempt
to bring together a wide variety of argumentation technologies so that
they can work together. At the most abstract layer, the AIF provides
an ontology of concepts which can be used to represent argument
structure. In the upper ontology, the argument is described by two
kinds of nodes: (1) information (I-) nodes, which refer to data, and
(2) scheme (S-) nodes, which refer to the passage between informa-
tion nodes. The S-nodes are classified into three groups: (2.1) rule
application (RA-) nodes which correspond to inference or support,
(2.2) conflict application (CA-) nodes which correspond to conflict
or refutation, and (2.3) preference application (PA-) nodes which cor-
respond to value judgments or preference orderings.

At a more concrete layer, the AIF provides a set of specific argu-
mentation schemes, i.e. forms of argument or patterns of reasoning.
They can have a deductive, inductive or presumptive form. If an ar-
gument is presumptive and its premises are true, then the conclusion
may presumably be taken to be true [16]. In the form ontology, ar-
gumentation schemes (such as argument from expert opinion or ar-
gument from consequences) are defined as types of RA-nodes with
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a conclusion description (such as “A may plausibly be taken to be
true””) and one or more premise descriptions (such as “F is an expert
in domain D).

In order to represent persuasive argumentation in the AIF, we
could distinguish two types of I-nodes corresponding to the central
and peripheral routes. However, since the AIF allows to represent ar-
gumentation schemes, we may model persuasive arguments with the
use of two types of RA-nodes:

e RA“%.nodes representing the patterns of reasoning which in-
volves a thoughtful considerations of arguments’ content, and

e RAPF._nodes representing the cognitive processes which are
based on shortcuts such as communicator’s credibility.

Consider two arguments: “We should lower taxes, since it will
make people happy”, and “We should lower taxes, since Mary said
s0”. The first one (an instance of argument from consequences) is
central, since to accept a conclusion “We should lower taxes” the re-
ceiver needs to consider the content of a premise “It will make people
happy”. Thus, in the AIF it is represented by the RA® % -nodes (see
Fig. 2). The second one is PR-argument, since in the absence of other
arguments for lowering taxes the receiver has to rely on Mary’s cred-
ibility. Thus, in the AIF it is represented by the RAT-nodes (Fig.
2). In this way, it is possible to query, e.g. ArgDB, not only for argu-
ments supporting war in Iraq, but also for the PR-arguments for war
in Iraq, i.e. arguments which are potentially used with an intention of
manipulating the public opinion.

1, We should lower RA,™
1 Credibility 1; Mary said so
taxes Arg

RAICR
Consequence
Arg

1, It will make
people happy

Figure 2. An example of CR-argument and PR-argument represented in
the AIF

The set of RATF-nodes should include schemes of source indica-
tors reasoning (see e.g. [22]) or ethotic [2] and pathotic arguments
[3]. The ELM suggests that in the peripheral route the receivers rely
on the source credibility, attractiveness or likeability. Thus, the fol-
lowing RAT E-type schemes could be formulated:

x says «, x is credible, therefore (plausibly) «,
T says a, x is attractive, therefore (plausibly) «,
x says a, | like z, therefore (plausibly) a.

In the future work, I plan to elaborate the set of PR-schemes in a
more systematic manner.

In computational approaches, the most influential taxonomy of ar-
gumentation schemes is a model proposed by Walton [23]. In this
model, CR- and PR-argumentation schemes can be distinguished.



Among the Walton’s set of schemes available in Araucaria, the fol-
lowing RA“%-type schemes can be identified: argument from sign,
argument from example, argument from verbal classification, argu-
ment from evidence to a hypothesis, argument from falsification of a
hypothesis, argument from correlation to cause, argument from cause
and effect, argument from consequences, argument from analogy, ar-
gument from waste, argument from established rule, argument from
exceptional case, argument from precedent, argument from gradu-
alism, slippery slope arguments, argument from vagueness of ver-
bal classification, argument from arbitrariness of verbal classifica-
tion and arguments from ignorance. In Araucaria, there are also
the RAT®-type schemes in Walton’s set: argument from position to
know, appeal to expert opinion, argument from popular opinion, ar-
gument from popular practice, ethotic argument, argument from bias
and argument against the person.

It may seem that argument from expert opinion is a good quality
argument that should belong to the RA®%-type of arguments. Even
though it may be used this way, it has also a potential to be used
in a manipulatory manner: “[arguments from expert opinion] can be
deceptive and misleading - they are sometimes powerfully persuasive
even when they turn out to be groundless and flawed” [21, p.30].

The PR-arguments may be “rationalized” or “strengthen”, if we
testify them with the use of critical question. Thus, even if the propo-
nent performs a “weak” argument from expert opinion trying to use
its peripheral potential (based on the social mechanism of authority
[5]), then the receiver may check its quality by asking critical ques-
tions associated with this type of arguments. On the other hand, if the
receiver elaborates the message in the peripheral route (since an is-
sue is not involving or there is some distraction present), then even a
“weak” appeal to expert opinion may be successful. The problem of
the type of route activated in a particular communicative situation is
inexpressible in the pure AIF, since it does not allow to represent the
context of argument performance. Partly, it can be expressed in the
ATFT [18], if the argument was performed in the dialogue, but per-
haps its more satisfactory representation will be available in AIF2.0.

4 PROPERTIES OF CR- AND PR-ARGUMENTS

According to the ELM, in the peripheral route the receiver accepts
a claim not on the basis of cognitively expensive reasoning, but on
the basis of some shortcuts (such as credibility or attractiveness of
communicator). That is, the PR-arguments are used by the receiver
to decide whether to believe the claim “without engaging in any ex-
tensive cognitive work relevant to the issue under consideration” [9,
p. 256]. Those arguments do not activate mechanisms of processing
and comparing message’s contents, but mechanisms of social influ-
ence (such as e.g. the mechanisms of authority or liking [5]) which
are based on people’s built-in (automatic) reactions.

In other words, the arguments that are effective in this type of
route requires execution of different cognitive processes. In the cen-
tral route, a receiver processes not only contents of arguments and a
claim, but also the relation between them. In case of a message “We
should lower taxes, since it will make people happy”, a receiver pro-
cesses the content of both reasoning’s components as well as their
relevance. If a hearer received a message such as “We should lower
taxes, since 2+2=4", he would reject this piece of reasoning at once,
not because of the false argument, but because there is no relation
(relevance) between the argument and the claim.

In the peripheral route, a hearer does not (or at least “is not in-
tended to”) process this relation. As mentioned above, he does not
have to engage in an extensive cognitive work relevant to the issue

under consideration. It could be understood in this way that a hearer
uses peripheral argument as a cue to believe a claim, but not nec-
essary has to think if and what they have in common. In case of a
message: “We should lower taxes, since Mary said so”, Mary’s cred-
ibility is used as a shortcut for believing that we should lower taxes.
Observe that when the grounds for trusting Mary’s words is her cred-
ibility, then the hearer does not have to, but still may consider the
relation between her credibility and the issue of lowering taxes (i.e.
if she is credible in the domain of taxes). However, when the grounds
for trusting Mary’s words is her attractiveness, then, clearly, there is
no relation which could be extensively, thoughtfully considered and
testified with the use of critical questions.

Generally, the arguments have different properties when executed
in the different routes such as: they are activated in the different cir-
cumstances (involvement vs. lack of involvement, etc.), they are exe-
cuted in the different way (higher vs. lower cognitive cost, etc.), they
have different outcomes (more vs. less resistant to counterarguments,
etc.), and finally - they have different structure basis (content-based
vs. heuristic-based).

5 CONCLUSIONS AND FUTURE WORK

In legal argumentation, the most important function of message is
the interaction among arguments. Thus, analysis of this type of com-
munication may concentrate on how reasons support e.g. a judge’s
decision. However, when we are interested more about the commu-
nication typical for politics or advertisement, we can discover that
substantial (content-based) arguments play the secondary role, and
the majority of the message is supposed to influence the receiver
with the use of different means. For example, when a beautiful girl
stands by a car and the advertisement says “Prices start from 8.000
pounds”, the advertiser hopes that the presence of the attractive girl
will influence potential buyers. Otherwise, he would use only the
CR-argument referring to the good price of his product.

The paper proposes the basic formal framework of the persuasive
arguments inspired by the elaboration likelihood model (ELM). ELM
suggests that there are two different types of routes to persuasion and
two different types of persuasive arguments: central and peripheral.
Three directions of future research are particularly attractive. First,
I plan to consider a taxonomy of peripheral schemes of argumenta-
tion. Next, other theories of persuasion as well as formal rhetoric
should be explored and compared with the account of persuasive
function of communication proposed by ELM. Finally, the relation
of attack in the network of persuasive argumentation should be ex-
amined. One way to accomplish it would be to assume that in case
of a CR-argument attacking a PR-argument the CR-argument wins
because of its “quality”’. However, the ELM could be also interpreted
in this way that depending on the route activated we need different
semantics to compute the result of an attack. For example we could
assume that a CR-argument will win in the central route and lose in
the peripheral route.
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Applying Argumentation to Enhance Dialogues in Social
Networks

Stella Heras' and Katie Atkinson” and Vicente Botti
and Floriana Grasso and Vicente Julian and Peter McBurney

Abstract. Nowadays, many websites allow social networking be-
tween their users in an explicit or implicit way. In this work, we show
how argumentation schemes theory can provide a valuable help to
formalize and structure on-line discussions and user opinions in deci-
sion support and business oriented websites that held social networks
among their users. Two real case studies are presented and analysed.
Then, guidelines to enhance social decision support and recommen-
dations with argumentation are provided.

Introduction

Currently, the Web has evolved from read-only HTML documents
and personal websites to social sites where people interact, share and
constantly update huge amounts of decentralised information. This
new conception of the Web as a platform for computing and collabo-
rative interaction has been supported by the development of so-called
Web 2.0 technologies and standards like AJAX, SVG, FOAF, PHP,
Ruby, XHTML, P2P or XSL. The result has been the fast prolifera-
tion of web-based communities, on-line social networks, web appli-
cations and webservices.

Nowadays, many websites allow social networking between their
users in an explicit or implicit way. While some are declared leisure
oriented social networking sites, others are more decision support
or business oriented while still allowing their users to interact, share
their preferences and profiles, form communities with other users and
give advice, recommendations and feedback about their experiences.
Some examples of the former type are Facebook!, Flickr?, MyS-
pace’, Orkut* and Twitter’, whose general purpose is to keep users in
contact by providing them with a smart interface to show their pro-
file, manage their acquaintances list, join groups, share media content
and chat. The latter is the case of on-line shopping companies, such
as Amazon® or eBay’ and consumer review sites, like Tripadvisor®
or Epinions’, which provide their users with a means of networking
and discussing matters related to their business or reviewing topic. In
addition, there is a third type of on-line social networking site whose
orientation lies between leisure, business and decision support. Some
examples of this further type are websites such as Ethicaleconomy!'”
or Kiva'!, which support networking and debate to promote ethical

1 Departamento de Sistemas Informaticos y Computacién. Universidad
Politécnica de Valencia, Spain, email: sheras@dsic.upv.es
2 Department of Computer Science, University of Liverpool, UK
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values and social help. Regardless of the purpose of the social net-
working, in all of these communities discussions arise from the dif-
ference of opinion between users, and individual views are mixed
in the tangle of user-generated content posted in discussion boards,
wikis and blogs. Therefore, there is an obvious need for mechanisms
to structure this information and to elicit as much useful knowledge
as possible from it.

In this work, we show how Argumentation Theory (concretely Ar-
gumentation Schemes Theory [19]) can provide a valuable help to
formalize and structure on-line discussions and user opinions. Argu-
mentation schemes are stereotyped patterns of human reasoning that
can improve the user’s understanding about discussions and provide a
means to evaluate what users have stated and why. When opinions are
product recommendations to other users, they are usually justified be-
cause they match the user profile (i.e. fit the content of user’s declared
preferences and likes), the profile of similar users (i.e. collaborative
filtering) or both (i.e. hybrid recommendations). Usually, there is not
an explanation about the reasoning process that has been followed to
come up with specific recommendations. In fact, these recommenda-
tions tend to come directly from the recommendation algorithm that
runs the website and not from the acquaintances that a user has in
his social network. However, this does not follow future trends on
the Web, where discovering is becoming social (as reported by Joe
Kraus, Google’s director of product management in a talk at the Su-
pernova conference 2008) and consequently, recommendations could
be expected to come directly from acquaintances in a decentralised
way. Moreover, people trust recommendations more when the engine
can explain why it made them [13] and what is understood as a good
recommendation is changing from the one that minimises some error
evaluation measure about the output of content, collaborative filter-
ing or hybrid recommendation methods to the one that really makes
people happier.

On the other hand, when user opinions are conveyed in reviews
and guides that users write to provide pieces of advice to other users,
the reasons that the author has put forward his ideas may be implicit
in the text. However, for non-expert users identifying and develop-
ing a deep understanding about all such implications can be difficult.
Moreover, many reviews and guides are written collaboratively be-
tween several users, starting with an initial review followed up with
many comments and replies. Thus, each individual opinion can be
blurred as the number of posts grows.

Regarding evaluation, user opinions are commonly assessed us-
ing some measures of trust and reputation (e.g. usefulness degrees,
reviewer ranks, seller ratings and customer feedbacks) in decision
support or business oriented websites. These values are internally
computed in the website by providing users with rating tools to score
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the posts of other users or to leave feedback about their experiences.
However, they are not usual on leisure oriented social networking
sites, where the truthfulness of the user opinion has a lesser impor-
tance since its final consequences do not usually give rise to a wrong
decision or an unsuccessful commercial transaction. Nevertheless,
even when user opinions are attached with trust and reputation val-
ues, these measures do not provide an objective way of assessing
them, for instance, by looking at the reasoning patterns that they fol-
low to come up with specific conclusions. Thus, user opinions can be
misunderstood and rated low, decreasing unfairly the trust and repu-
tation values of their authors.

In this work, we focus in particular on business oriented websites
that allow a social interaction among their users. We leave out of
our analysis for the time being decision support, leisure or ethics
oriented social networking sites, as the scope and target of on-line
business websites makes them more suitable to define tools to anal-
yse opinions and elicit knowledge from their users. In this paper,
we start with a brief overview of related work which, though not
necessarily explicitly related to social networks, applies argumenta-
tion theory to classical social network activities. Then we formalise
our notion of social network, and we show how this definition fits
to Amazon and eBay, probably best epitomize how implicit social
networks emerged from business websites. Finally, we discuss how
argumentation schemes could be best utilised to improve social net-
working features of these sites.

1 Related Work

Although not directly applied to social networks, the work most rel-
evant to our purposes is perhaps the work on recommender systems
[1]. Recently, research has investigated the impact of the social net-
work dynamics on the recommendation, typically based on the no-
tion of “social trust” [7, 16, 17]. A relevant work [9] applies argu-
mentation to manage the interaction that emerges from the recom-
mendation dialogues between a social network of agents, by means
of a dialogue game that controls the recommendation process. It uses
Argumentation Schemes [19] to define a set of potential attacks to
the recommendations provided by agents. Here, the concepts of ar-
gumentation, recommender systems and social networks are studied
together for the first time. The recognition that current recommenda-
tion systems are unable to make use of the large amount of quanti-
tative data to empower recommendation has led to the consideration
that a more sophisticated approach based on argumentation could be
the key [5]: preferences formalised according to Defeasible Logic
Programming [6] inform an inference tool able to analyse and decide
conflicts among the set of equally viable recommendations. An im-
portant additional contribution of [5] is the identification of a number
of research questions, such as exposing underlying assumptions be-
hind recommendations, approaching trust and trustworthiness from
the perspective of backing arguments and providing rationally com-
pelling arguments for recommendations. The work in the present pa-
per contributes to these areas but from the different perspective of
structuring and clarifying the reasoning process followed by users to
provide pieces of advice and recommendations to other users of their
social network.

Other relevant research, though not directly applied to social net-
working, applies argumentation to support trust and reputation. In
[11], a framework for evaluating trust-related arguments in on-line
stores is proposed, evaluated empirically, and extended by applying
the Toulmin model of argument to provide guidelines for the im-
plementation of well-structured trust-assuring arguments and to in-
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vestigate if the provision of these arguments actually increases the
customer trust in Internet stores. A novel quantitative trust model for
argumentation-based negotiating agents is proposed in [2], suitable
to emerging applications like e-business, based on a negotiation dia-
logue game, and presenting a model for securing agent oriented sys-
tems in which agents can utilise an argumentation system to reason
over the reputation of other agents. Our approach of applying argu-
mentation to social networks does not intend to provide new mea-
sures of trust and reputation for the users of the network, but support
the existing measures with arguments that justify them and clarify
the reasoning process behind them.

Finally, preliminary work on applying argumentation to prediction
markets was proposed in [14]. Prediction, or information, markets,
are a special type of social network whose purpose is to aggregate
the information held by their users to make predictions about specific
events or parameters. The work analyses the influence of the social
relationships on the predictions made by group judgement, where a
group of agents linked via a social network argue on the final out-
come of a prediction.

2 Definition of a Social Network Model

We studied a number of social networks, focusing in particular to
the argumentation activities that, either implicitly or explicitly, users
would engage in. In particular, following the typology of argumenta-
tive dialogue in [18], we assessed how different social networks com-
pare with this feature. This comparison is shown in Table 1. From this
analysis, we extrapolated a general abstraction of social network.
For our purposes, we consider a social network as an abstrac-
tion to represent social structures that link individuals or organisa-
tions. Links can stand for different types of interdependency, such as
friendship, trade, shared knowledge, common hobbies, etc. We dis-
tinguish between explicit social networks, which openly represent
users and links among them, so that users can, for instance, search
their contact list to interact with other users, and implicit social net-
works, which may or may not store information about social rela-
tionships among users, but which usually do not make this infor-
mation accessible to users, who cannot access their contact lists to
retrieve previous partners or do not have an easy way of searching
reports about previous exchanges. For both types, we identify the
following features that define a social network in our model:

e Overall purpose of the network: e.g. friendship, business, shared
hobbies.

e Permitted tasks: e.g. recommend, provide opinions, evaluate oth-
ers’ opinions.

e Nodes representing individuals or organisations.

e Roles that individuals or organisations can play in the social net-
work.

o Knowledge databases: individual or shared knowledge databases
associated with each node and representing information about the
issues related with each role.

e Ties, or links, between nodes, which can be of different sorts, de-
pending on the overall purpose of the network (e.g. values, visions,
ideas, financial exchange, friendship, personal relationships, kin-
ship, dislikes, conflict, trade). Ties can be directed or not. Undi-
rected links represent social relations that are present in the net-
work, but whose related information is not stored nor explicitly
supported.

e Social network analysis measures, used to evaluate the relations
that a tie represents. Values of trust and reputation are common
examples of these measures.
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e Types of argumentative dialogues that can be held in the net-
work.

In what follows we concentrate on two case studies, analyzing ar-
guably the two most popular business oriented websites that allow
social interaction among users, despite this not being their primary
purpose: Amazon and eBay. For each, we analyse the features that
make them considered de facto social networks, and we represent
them in the light of the model we defined above.

2.1 Amazon

Amazon (www.amazon.com) is possibly the largest on-line retailer
offering, either directly or via “marketplace” associated sellers, a
very wide range of products, from books, to groceries, from furni-
ture to clothes and shoes, and so on. Social networking features allow
users to interact in different ways. Amazon’s users can:

e write reviews about products, whether purchased or not. As part
of their review, users can rate products. Reviews can be annotated
with the nickname of the reviewer or his popularity as reviewer

“reviewer rank’), based on both positive and negative votes re-
ceived, as well as the time when the review was published. In ad-
dition, other users can write comments on reviews, rate them as
useful/unuseful, and report them to the company if they consider
them offensive or inappropriate.

e leave feedback about “marketplace” sellers after a purchase, with
a comment. Seller ratings are computed using the votes received
over the transactions performed in a specific period of time. Sell-
ers have the opportunity to respond to the comment/rating and rate
the transaction, but they cannot rate buyers (only feedback submit-
ted by buyers is considered to compute a seller rating).

e join customer communities: users can create a profile and share it
with other users, join different communities, participate in forum,
create Listmania lists with the Amazon products they like or rec-
ommend and Wish lists with the products they are interested in,
suggest products to their communities by adding a tag, write So
You’d Like to... guides to directly recommend products. Posts can
be replied to, rated and reported, but these ratings are not used to
compute customer ranks.

On top of this, Amazon website runs a powerful recommendation
algorithm that matches each customer’s purchased and rated item
to similar items, and outputs a personalised recommendation list
[12]. This algorithm follows an item-to-item collaborative filtering
approach that scales to massive data, producing recommendations in
real time with a brief explanation (e.g. "N% customers buying X also
bought Y”).

Depending on the activities that customers perform in Amazon,
different customer roles can be identified. Figure 1 shows a use case
diagram with the roles that take part in the Amazon social network-
ing features and the activities that customers can carry out when they
are playing each role. Note that customers can play different roles
when they are carrying out different activities on the website. In ad-
dition to them, Amazon customers can play other roles (e.g. admin-
istrators, developers, associates, etc.) and perform other operations
using other features (e.g. Amazon Web Services, Amazon Market-
place Payments, etc.), but they are out of the scope of this paper.

The most frequent type of customer is a potential buyer that checks
the website searching for a specific product. For clarity purposes, we
consider this role as the default role that any customer that regis-
ters on the website plays. Furthermore, specific users can also play
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Figure 1. Amazon Use Case Diagram

the seller, author and publisher roles, depending on their business or
their relation with the product. As explained above, after a purchase,
the buyer has the opportunity of leaving feedback about his expe-
rience with the seller, reviewing the transaction. Apart from selling
their products, sellers can also answer to this feedback if they want
to add any comment or reply. In addition, Amazon allows authors
and publishers to write comments on their works.

Other important roles from the social networking perspective is the
reviewer role, which is played by any Amazon customer as soon as
he writes a review on any product or a comment on a review, sharing
his knowledge and opinions about the product and making recom-
mendations to other Amazon customers. Note that we consider that
customers play the reviewer role both when they start a new review
and also when they make comments on a review written by other
customers. Finally, any Amazon customer is able to rate a review as
useful/unuseful or report a review to the website if it is considered
inappropriate.

2.1.1 Amazon Social Network Models

Explicit social networks are formed by the users joining communi-
ties, while implicit social networks emerge from the activity of writ-
ing reviews and from sales and their subsequent feedback. In the
spirit of our analysis, we focus here on the latter, and we analyse
the social networks emerging from reviews and sales according to
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Activity Per- Ne- In- De- Infor- Eris{ Examples
sua- | goti- | quiry lib- mation | tics
sion a- era- Seeking
tion tion

Blogs X X Pingback, Slashdot, LiveJournal, BlogSpot

Collaborative RT X SubEthaEdit, SynchroEdit, ACE, Moonedit, Google Docs

Editors & Spreadsheets and Zoho

Commercial Sites X X X X X | Amazon and eBay

Commercial Social X X Dell IdeaStorm

Networks

Consumer Review Sites X X X X X | TripAdvisor and ePinions

with Social Networking

features

Deliberative Social X X X | Webs of discussion and debate for decision-making

Networks purposes between individuals and government

Ethical Sites X X X X X | Kiva and Ethicaleconomy

Forums X X X X | Yahoo! Groups and Google Groups

Instant Messaging X Gtalk, Skype, ICQ, Yahoo! Messenger, MSN, Pidgin AOL
and Jabber

Social Cataloguing X X CiteULike, Connotea, BibSonomy and refbase

Social Guides X WikiTravel

Social Libraries X X discogs.com, imdb.com and LibraryThing

Social Network Search X Newstrove

Engines

Social Network Sites X X X X | Facebook, Flickr, MySpace, Orkut and Twitter

Social On-line Storage X Using servers or P2P technology

Text Chat X IRC and other technologies

Virtual Worlds X X X X X X Dotsoul, SecondLife, Active Worlds, the Sims on-line,
There, Planeshift, Croquet project, VOS, Solipsis,
Everquest and World of Warcraft

Wikis X X Wikipedia, Wikisource

Table 1. Argumentation dialogues enabled by social networking activities.
our model. reviews made by a reviewer and how they were rated, though not

Social Network of Reviews

Reviews that Amazon users write give rise to social relations from
which emerges an Amazon Social Network of Reviews, with the pur-
pose of sharing information on the products, and with nodes rep-
resenting buyers, sellers, reviewers, authors (of books for example)
and publishers/manufacturers. The tasks permitted are: writing re-
views on Amazon products, writing comments on reviews, rating re-
views or reporting reviews. The main type of dialogue enabled by
this social networking activity is information seeking and sharing,
but persuasion is also enabled by means of free comments and re-
sponses to them. Figure 2 is an example of a network of reviews
with six Amazon customers playing each role that is involved in the
activity of writing reviews. Arrows stand for social ties implicitly
created from users’ activity. In the example, arrows from User 1 to
Users 3, 4, 5 and 6 stand for social ties meaning that User 1 has
written a review about a product related with those other users (be-
cause they are sellers, authors, publishers or buyers of the product).
Arrows from Users 3, 4, 5 and 6 to User 1 stand for a social tie that
represents that those users rated or reported the review of User 1. Fi-
nally, arrows between Users 1 and 2 represent social ties that can be
created when reviewers comment, rate or report the review of other
reviewers. Also, comments on reviews can also be commented, rated
and reported. Knowledge databases are attached to each role, de-
noting the information that the website stores for each role, e.g. the
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always the information is accessible to a user (e.g. there is no obvi-
ous way for users to check their list of reviews). Analysis measures
evaluate users’ performance in the social network, e.g. the reviewer’s
rank can be used as a reputation measure to evaluate the importance
of a reviewer. Measures can also label ties, e.g. individual review-
ers’ trust measures could be computed from the usefulness ratings
assigned over a certain period of time.

Social Network of Sales

The overall purpose of the Amazon Social Network of Sales is to run
commercial transactions between its members and to inform about
them. Therefore, the tasks permitted on the network are sell and buy
products and leave feedback about these commercial transactions,
while nodes are simply buyers and sellers (as feedback cannot be
left unless a transaction has occurred). The main type of dialogue
that these tasks enable is that of information seeking and sharing, by
leaving feedback, and persuasion, by supporting this feedback and
responding to it. Figure 3 shows an example of an Amazon social
network of sales with one seller (User 1) and two buyers (Users 2
and 3) and their respective knowledge databases. As before, arrows
show social ties: the arrow from User 1 to Users 2 and 3 means that
this customer has sold a product to Users 2 and 3 and thus, a social
tie between them has been created. The arrow from User 2 to User
1 represents that User 2 has provided feedback about his sale with
User 1 and hence, this has generated a new social tie. This arrow can
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Figure 2. Amazon Social Network of Reviews

be labelled with the numeric feedback (ranging from 1 to 5 stars)
that the buyer has left about the transaction, which we consider as a
social network analysis measure. Amazon aggregates these numbers
to compute a seller rating, which can also be used as a reputation
measure to label nodes that represent customers playing the role of
sellers.

In addition, the seller can also leave comments about the transac-
tion and the feedback received (although not about the buyer himself
and hence, this assessment does not count towards any rating about
him). This is represented in the figure by the arrow from User 1 to
User 2. Thus, this arrow cannot be labelled with a feedback score.

2.2 eBay

eBay (www.ebay.com) is the world’s largest on-line marketplace, an
open trading platform that allows sellers and buyers to get in touch.
Unlike Amazon, eBay does not sell products directly and does not
centralise transactions and payment, but it charges a fee to sellers
for publishing their adverts. After the purchase, buyers directly pay
sellers, either on-line (though they are encouraged to do this via the
system, e.g. with PayPal) or in person. The core business model of
eBay are auctions, though products can also be sold directly via a
”Buy It Now” option. The main social network features in eBay are:

e reviews and guides. Reviews are labelled with reviewer informa-
tion, which consists, among other things, of the reviewer’s pro-
file with the number of reviews, number of times starting the re-
views for an item, number of guides written, helpfulness votes
and reviewer rank (i.e. number of positive votes on the total
amount of the reviewer’s reviews). Reviews can be rated as help-
ful/unhelpful, but, unlike Amazon, they cannot be commented.

e feedback about completed transaction. Unlike Amazon, in eBay
both feedback on sellers and buyers counts towards customer rat-
ings. Detailed comments can also be left: buyers can review sell-
ers on the details of their purchase (e.g. if the item really was as
described in the ad, if the delivery was quick enough, etc.) and
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viceversa (the buyer payed promptly, etc.). These detailed com-
ments are anonymous and do not count towards the overall feed-
back score. Users’ feedback profiles can be made private, so that
comments on the purchase are hidden to other users, though the
positive or negative ratings received cannot.

e Community services: such as Neighbourhoods, communities of
people who share common interests; My World, allowing the cre-
ation of a profile; Discussion boards; Groups, which are member
led discussion areas that allow members to share ideas, opinions
and information quickly and easily; Blogs, and Chat rooms.

As pointed out before, all these activities allow eBay customers
to interact and form social networks. The main roles that eBay cus-
tomers play when they are performing them are shown in figure 4.
For comparison with Amazon and clarity purposes, we have only in-
cluded in the figure the roles that eBay customers play when they
write reviews or perform sales, since the activities enabled by the
eBay community services are mostly equal to them. Moreover, posts
in other community forums can be commented upon, but not rated, so
users cannot leave a numeric value that stands for their opinion about
the post, which makes it more difficult for other users and even for
the website administrators to have an overall view of the real opinion
of the user that has written the post. However, any post in eBay can
be reported to the site for misuse.

The most common roles that eBay customers play are the seller
and the buyer roles, selling and buying items on the website respec-
tively. By default, any user that registers on eBay plays the role of
a potential buyer. In addition, both users can leave feedback about
their counterpart and their commercial experience with him. The fig-
ure also shows an important difference between Amazon and eBay
users when they play the reviewer role, since in eBay reviews can-
not be commented by other users which would also play in that case
the role of reviewers. Thus, reviews can be only written by one user
and discussions are not permitted. However, any eBay customer can
rate reviews, leaving his opinion about them. Also, reviews can be
reported to the website if they are considered as inappropriate by any
user.
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Figure 4. eBay Use Case Diagram

2.2.1 eBay Social Network Models

As with Amazon, eBay enables explicit social networks, via com-
munity services, and implicit social networks, emerging from the
reviews and sales, with similar characteristics. As before, we con-
centrate on the implicit, business driven networks.

Social Network of Reviews

The reviewing facility that eBay offers to its customers enables the
creation of an implicit social network that we have named the eBay
Social Network of Reviews, whose main purpose is to share knowl-
edge and experience about the items sold in eBay. Therefore, the
tasks that eBay customers perform on this network are writing re-
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Database

Amazon Social Network of Sales

views and evaluate them (by rating or reporting them). Unlike Ama-
zon, reviews on eBay cannot be commented upon, so the main type
of dialogue enabled in this network is information seeking and shar-
ing.

Figure 5 shows an example of the network. As shown in the figure,
nodes represent individuals playing the possible roles that take part
in the social network of reviews with their associated knowledge
databases and arrows stand for social ties. These are customers that
have written reviews (i.e. reviewers) and other customers that have
rated or reported them (i.e. sellers and buyers). Therefore, arrows
from User 1 to Users 2, 3 and 4 imply that User 1 has written a
review about an item sold or bought by the other users. Also, arrows
from Users 2, 3 and 4 to User 1 mean that those users have rated or
reported to the website the review written by User 1.

Figure 5 also shows some values computed by the website that
can be considered as analysis measures to evaluate the performance
of each user on the social network. For instance, nodes are labelled
with the reviewer’s rank computed by the website. Also, arrows from
Users 2, 3 and 4 to User 1 are labelled with the ratings that those
users have provided about the review of User 1, which are also used
in the reviewer’s rank calculation. In addition, some other complex
analysis measures could be considered. For instance, the number of
ratings or reports provided by a user could be used to evaluate his
level of participation in the activities developed on the network.

Social Network of Sales

The core activity held on the eBay website has the purpose of buy-
ing and selling of products. Underlying to this activity, eBay allow
both buyers and sellers to provide ratings on their partners, sharing
with the website and other users their opinions about their commer-
cial transactions. These activities give rise to social relations between
the eBay customers, which we have represented by means of an eBay
Social Network of Sales abstraction. Therefore, as in Amazon social
network of sales, the tasks permitted on the network are buy and
sell products and leave feedback about these transactions. Regarding
types of dialogues, both information seeking and sharing, and per-
suasion are enabled, since customers are not only able to leave their
opinions on sales, but also about their partners on these sales (i.e.
opposite to Amazon, eBay allows both sellers and buyers to evaluate
the commercial transaction and the user that they have done busi-
ness with). Figure 6 shows an example of the eBay social network of
sales.

In this network, customers interact playing either the seller or the
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buyer role, which are represented on the network by nodes and their
associated knowledge databases. The arrow from User 1 to User 3
means that User 1 has sold a product to User 3 and hence, a social
tie has been generated. As pointed out before, sales can be evaluated
by buyers, who leave feedback scores about it. An example of the
associated social tie is represented in the figure from the arrows from
Users 2 and 3 to User 1. Optionally, sellers can also evaluate buyers
(although they are only allowed to leave positive feedback on buy-
ers). This type of tie is shown in the figure by means of the arrow
between User 1 and User 2. Feedback ratings can be used as social
network analysis measures. eBay computes several scores for feed-
back (see eBay website for more information'?). The figure shows,
for instance, how the percentage of positive feedback could be used
to label nodes with a reputation measure for each user playing a spe-
cific role on the network.

3 Argumentation Schemes to Support On-line
Dialogues in Social Networks

So far, we analysed the reviews and sales features of Amazon and
eBay, characterising the underlying interactions among their users
by means of social network abstractions, which, we believe, are gen-
eral enough to be transferable to other similar websites. In this sec-
tion, we concentrate on how argumentation could enhance the perfor-
mance of the emergent activities carried out by the users of a social

2http://pages.ebay.com/help/feedback/
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network, with a preliminary step towards the application of argumen-
tation schemes to formalise the underlying reasoning shown in the
dialogues held among the users of the networks in our cases of study.
Argumentation schemes [19] are characterised by a set of premises
and their underlying conclusion, and are associated with a set of crit-
ical questions (CQs) that stand for potential attacks that could refute
the conclusion drawn from the scheme. This feature is very useful
to guide argumentation dialogues. Thus, if a proponent of a posi-
tion uses a pattern of reasoning that matches with an argumentation
scheme, an opponent can try to pose one of its critical questions to
attack that position. We analysed a number of typical dialogues held
in the situation described in the two cases studies above, and we iden-
tify the following advantages of applying argumentation schemes to
social networked business:

e To provide a formal structure to opinions and recommendations,
allowing for explanations and justifications that clarify the posi-
tion of the reviewer.

e To provide a way of evaluating user opinions and recommenda-
tions, by looking at their associated reasoning patterns, with criti-
cal questions as a way to show weaknesses and possible attacks.

e To provide a formal structure to the dialogue as a whole, clarify-
ing the dynamics of each individual contribution in terms of the
overall argument.

To illustrate these advantages, consider for example the conversation
extract (inspired by real posts on Amazon) shown in figure 7 review-
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ing book B. The argumentation can be summarised as:

e Userl provides an argument in favour of the book:

Al: I am ascholar in the area of Al; I strongly recommend
the reading of the book; THEREFORE this is a good read-

ing

e User2 replies with two arguments: an opinion about the topic
and an attack to Al:

A2: Thave read the 2nd book of the series of B; This wasn’t
a good reading; THEREFORE book B couldn’t be a good

reading either.

CMNA X

Customer Review

255 of 282 people found the following review helpful:
A must in your Argumentation bibliography, September 18, 2009

By User1
New Reviewer Rank: 2,525,408

....this book is an excellent reading. It's the third book that I've read from this author and it's as good or
better than the last two. Any student or researcher on Argumentation in Al will enjoy the reading, which
starts with some introductory chapters in the area and nicely flows to more specific topics. As a scholar
in Al, | strongly recommend it...

Yes ) (Mo )

Permalink | Was this review helpful to you? ——/ (Report this)

| Add a comment |

Track comments by e-mail
Showing 1-2 of 2 posts in this discussion

User2 says:
New Reviewer Rank: 1,326,523

...s0 I'm still not sure about the quality of the book, since | read the 2nd of this series and | found it quite
difficult to follow. What confuses me the most are what you (i.e. User?) said on your review of this 2nd
book, where you wrote a hard criticism and strongly discourage the reading. Up to my knowledge, this
could be a hard reading...

Reply to this post Permalink | Report abuse | Ignore this customer

Yes || No |

10 of 17 people think this post adds to the discussion. Do you? " ==

User3 says:
New Reviewer Rank: 15,782

...| totally agree with User1. | haven't read other books on the series, but looking to this one, | guess they
are also good. Moreover, although User1 discourage the reading of the 2nd book of the series for the non-
scholars, he does so because its contents assume previous expertise on the area. This does not
necessarily mean that the 2nd book is a bad reading...

Reply to this post Permalink | Report abuse | Ignore this customer

5 of 6 people think this post adds to the discussion. Do you?

Figure 7. An example on Amazon reviews

ports the argument of Userl:

good reading for non-scholars
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| Yes || No |

A3: Userl says that book B and its series are good; Userl
posted a hard criticism and discouraged the reading of the
book B in a previous review; THEREFORE the review of
Userl is inconsistent with what he said previously

e Finally, User3 replies to User2 with an argument that sup-

A4: Userl is a scholar in the area of Al; User!l discourages
the reading for non-scholars of the 2nd book of the series
of B; THEREFORE the 2nd book of the series of B isn’t a
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Following [19], these arguments could be translated into argumenta-
tion schemes as:

Al: Argument From Expert Opinion
Major Premise: Source Userl is an expert in subject do-
main A/ containing proposition book B is a good reading
Minor Premise: User! asserts that book B is a good read-
ing is true
Conclusion: book B is a good reading is true
CQ1: How credible is UserI as an expert source?
CQ2: Is Userl an expert in the field Al for which book B is
a good reading?
CQ3: What did Userl assert that implies that book B is a
good reading?
CQ4: Is Userl personally reliable as a source?
CQS5: Is the proposition book B is a good reading consistent
with other experts assert?
CQ6: Is Userl’s assertion based on evidence?

A2: Argument From Position to Know
Major Premise: Source User?2 is in position to know about
things in a certain subject domain books on B series con-
taining proposition book B is a good reading
Minor Premise: User2 asserts that book B is a good read-
ing is false
Conclusion: book B is a good reading is false
CQ1: Is User2 in position to know whether book B is a good
reading is true of false?
CQ2: Is User2 an honest source?
CQ3: Did User?2 assert that the book B is a good reading is
true or false?

A3: Argument From Inconsistent Commitment
Initial Commitment Premise: User] has claimed that he is
committed to proposition book B and its series are a good
reading
Opposed Commitment Premise: Other evidence shows
that Userl is not committed to proposition book B and its
series are a good reading since he discouraged the reading
of the book B in a previous review
Conclusion: User!’s commitments are inconsistent
CQ1: What is the evidence supposedly showing that Userl
is committed to proposition book B and its series are a good
reading?
CQ2: What further evidence in the case is alleged to show
that Userl is not committed to proposition book B and its
series are a good reading?
CQ3: How does the evidence from premise 1 and premise 2
prove that there is a conflict of commitments?

A4: Argument From Expert Opinion
Major Premise: Source Userl is an expert in subject do-
main A/ containing proposition book B is a good reading
Minor Premise: Userl asserts that the 2nd book of the se-
ries isn’t a good reading for non-scholars is true
Conclusion: the 2nd book of the series isn’t a good reading
for non-scholars is true
(CQs asin Al)

By associating a scheme to each argument, opinions are given, ob-
viously enough, a formal structure, which makes the pattern of rea-
soning explicit. Users could be asked to explain their arguments by
using the critical questions of a schema. For instance, in the example
above, A3 attacks Al in fact by instantiating its CQ4. Or, A4 attacks

18

A3 instantiating its CQ2. Moreover, users could be encouraged to
clarify their position better: we have often found negative ratings of
a product where the free text reveals that the bad experience was in
fact related to the transaction (e.g. late shipment, item broken, etc.).

Of course for this situation to be realistic, users need to find the
use of argumentation natural enough not to be discouraged to use it.
Currently, there are several argumentation tools that offer support for
on-line debates, with varying degrees of structure given to the argu-
ments. Some examples are Debategraph (http://debategraph.org/), an
evolution of DebateMapper that includes it as a view to comment,
build, edit and rate debates; Debatepedia (http://wiki.idebate.org/), a
new free wiki encyclopedia of arguments and debates and the tool
for evaluate debate TruthMapping (http://truthmapping.com/). Re-
cent developments have introduced Web 2.0 standards to support on-
line debate. Some contributions of this type are Cope_it! [10], which
encourages collaboration by sharing opinions and resources; the se-
mantic web-based argumentation system ArgDF [15]; Cohere [3], a
web tool for social bookmarking, idea-linking and argument visuali-
sation; the Argument Blogging project [20], which intends to harvest
textual resources from the Web and organise them into distributed
argumentative dialogues and the On-line Visualisation of Argument
(OVA at ARG:dundee: www.arg.dundee.ac.uk) tools, which facilitate
argument analysis and manipulation in on-line environments. Some
examples of tools that are of a more formal and structured nature in-
clude the Parmenides system [4] and the Carneades system [8]. De-
spite the proliferation of these tools, their uptake by business oriented
websites like Amazon or eBay is questionable, as their main interest
is not to alienate users from their site by providing a seamless and
natural interaction.

4 Conclusions: Desiderata for Argumentation
enhanced Social Networks

In this work we showed how argumentation theory can provide valu-
able insights in formalising and structuring on-line discussions and
user opinions in business oriented websites. We gave a model of so-
cial network, and we provided two case studies of commercial web-
sites, Amazon and eBay, fitting this model. Finally, we demonstrated
how typical interactions in these environments could be seen as argu-
mentation dialogues, and could in fact be enhanced by such features.
Several conditions need to be verified before a more widespread up-
take of argumentation techniques could be possible, however.

First, sites like Amazon or eBay should make each underlying so-
cial network explicit, so that users could exploit all information re-
sources available in the website, in turn enhancing trust and reputa-
tion by providing public and transparent measures. Secondly, sites
should provide easy-to-use tools for the quick and seamless identifi-
cation of argumentation schemes in the line of reasoning that a user
is following in a post. Although this aspect is more related to the
advancement of the state of the art on argumentation and computa-
tion research, websites which decide for the uptake of a particular
tool could grant some reward (e.g. positive feedback) to the users of
these tools. Third, sites should provide tools to represent the dynam-
ics of dialogues among users, so that attack and defense statements
can be easily identified. Again, this comes at a considerable cost to
the users (who would not necessarily be prepared to engage in a di-
alogue each time they want to leave a review for a product), so re-
ward mechanisms should be used. Finally, sites should provide tools
for summarising and analysing the information gathered from the
schemes and attacks identification. A ”summary” showing statistics
and a graphical representation of debate on a product would repre-
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sent a concrete added value for users, and an effective motivation to [20] S. Wells, C. Gourlay and C. Reed: Argument Blogging. Proceedings of
engage in argumentative activities. This it would allow, for instance, Computational Models of Natural Argument, CMNA 2009.
users to understand at a glance which is the most prominent view of
a particular product they want to purchase, without having to read all
reviews.
We believe that argumentation can make business driven social
networking more rewarding, and we see this as one of the most
promising application areas for research in argument and computa-
tion.
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About the Ways of Criticism

Erik C. W. Krabbe and Jan Albert van Laar’

Abstract. This paper attempts to systematically characterize
critical reactions in argumentative discourse, such as ‘objections’,
‘critical questions’, ‘rebuttals’, ‘refutations’, ‘counterarguments’,
and ‘fallacy charges’, in order to contribute to the dialogical
approach to argumentation. We shall make use of four parameters
to characterize distinct types of critical reaction. First, a critical
reaction has a focus, for example on the standpoint, or on another
part of an argument. Second, critical reactions appeal to some kind
of norm, argumentative or other. Third, they each have a particular
illocutionary force. Fourth, a critical reaction occurs a particular
level of dialogue (the ground level or some meta-level). The
concepts here developed shall be applied to discussions of critical
reactions by Finocchiaro, Pollock and Snoeck Henkemans.

1. INTRODUCTION

1.1 The notion of a critical reaction

The notions of criticism and of argument are very much related,
both at a practical and at a theoretical level. In practice, a critical
attitude is often manifested by ‘being argumentative’ in one’s
comments and appreciations, whereas arguments are associated
with a critical stance sooner than with a constructive one. In daily
parlance, both ‘criticism’ and ‘argument’ even share some negative
connotations, such as meddlesomeness and quarrelsomeness. In the
theory of argumentation, there are no such connotations, but the
theoretical concepts of criticism and of argument are all the same
closely related. Argumentation can be either critical (opposing
someone else’s point of view) or constructive (defending one’s
own point of view) or both. Moreover, some sort of critical stance
is often seen as essential for all argumentation, including the
constructive kind, since argumentation is conceived as an
instrument to overcome doubt, and doubt seems to imply a critical
stance. In pragma-dialectics, the normative model for
argumentation proposed is that of a critical discussion in which
standpoints are critically tested. Also at the intersection of
argumentation studies and artificial intelligence, dialogue protocols
and models for persuasion dialogue have been developed that start
from the assumption that argumentation and criticism are closely
interwoven [1, 2]. Thus criticism seems not only to lie at the origin
of argument, but also to pervade the whole argumentative
procedure.

But then, there is not just one kind of criticism. Merely
expressing critical doubt is certainly different from expressing an
opposite point of view, and expressing such a point of view is
again different from arguing for that point of view. All three are
different from raising specific objections against a point of view, or
against an argument, or against parts of an argument, or against the
arguer, or against the circumstances in which the argument has

! University of Groningen, The Netherlands, email: e.c.w.krabbe @rug.nl
and j.a.van.laar@rug.nl

been presented. This paper purports to contribute to a systematic
classification of these and other kinds of critical reaction and thus
to contribute to the dialectical approach to argumentation. In this,
others, such as Aristotle [3], Finocchiaro [4], Pollock [5], Govier
[6] and Walton [7] have preceded us, and we have ourselves each
attempted to contribute to this enterprise as well [8, 9].

In this paper, we deal with the term ‘criticism’ in the sense in
which the term pertains to negative evaluations, rather than in a
sense that also pertains to positive evaluations. Nevertheless, such
criticism can itself be called constructive when making valuable
contributions to a discussion. We aspire to discuss negative critical
reactions in a wide sense, encompassing such criticisms as pertain
to (expressions of) propositions, arguments, parts of arguments,
and (the applications of) argument schemes, as well as to arguers
and institutional circumstances, and relating to such issues as
understandability,  admissibility,  validity,  appropriateness,
reasonableness, consistency, timeliness, or offensiveness. But we
shall not discuss such aspects of critical reactions as fail to
contribute to the contents of an argumentative exchange. Thus one
could ‘critically react’ to an opponent by grabbing his shoulders
and shaking him gently. Would this add content to the exchange?
Of course, it might. If in some culture or in some special
circumstances, this would be the way to express that one disagrees
with the opponent’s point of view, it would as such add some
content and be among the critical reactions we intend to cover;
however, the circumstance that the expression of disagreement is
performed by grabbing and shaking, rather than by a speech act,
will not be part of our concerns. And then, the grabbing and
shaking may also fail to express anything that must be taken into
account as a part of the argumentative exchange, and thus fail to be
part of our concerns altogether. From now on, we shall use the
term ‘critical reaction’ exclusively for those (aspects of) reactions
that do contribute to an argumentative exchange (dialogue).

It should be mentioned that not all reactions in dialogue are
critical. Reactions of agreement or acceptance, or requests to grant
a concession would not count as such. The same holds for
elucidations and explanations of earlier contributions, and indeed
for arguments offered in response to criticism.> What is missing in

% There are more moves that are not critical. Consider for example the move
of calling into question in the confrontation stage of a critical discussion, as
specified by van Eemeren and Grootendorst [10]. Calling into question may
sound as if it implies some criticism, but actually the move by which a
party in the confrontation stage of a critical discussion calls into question
the standpoint expressed by the interlocutor is merely aimed at expressing a
neutral stance towards the standpoint and not directly at getting the other
side to make repairs [10, p. 136]. Therefore, calling into question in the
confrontation stage is not yet really critical. However, the move in the
opening stage by which the antagonist challenges the protagonist to defend
his standpoint [10, p. 137] and the move in the argumentation stage by
which she attacks a standpoint of the protagonist in the sense of posing a
request for an argument [10, p. 143-4], are clearly critical reactions, as we
understand them.
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these reactions is a negative evaluation of the move they react upon
or at least a suggestion that such a negative evaluation may be
forthcoming. One might stretch the concept of critical reaction to
the extent that an elucidation of one’s earlier contribution would
count as criticism of a request for elucidation, and that arguments
would count as criticisms of doubts or requests for arguments. One
might also claim that acceptance of a statement is a criticism of
that statement as being superfluous, since one agrees. Taking this
line, all reactions in dialogue could be said to be critical in some
sense. We shall not go that far, but exempt from the realm of
critical reactions those reactions that merely comply with the
requests (to accept, to elucidate or to argue) contained in the move
one reacts upon. We do so because of the lack of obviousness of
the negative evaluation content of such reactions, if any.’

1.2 The approach in this paper

Rather than straightforwardly heading towards a general
classification of types of critical reaction — based upon a division of
genera into species — we shall attempt to characterize critical
reactions in terms of four parameters or factors (Section 2): the
Sfocus of a critical reaction (Section 2.1), the norm appealed to in a
critical reaction (Section 2.2), the illocutionary force of a critical
reaction (Section 2.3), and the level at which a critical reaction is
put forward (Section 2.4). Each parameter can take several values,
which are characteristic features of critical reactions of certain
types.

Thus, the parameter of focus allows a critical reaction to be
characterized by its focus on (a part of) a move or contribution of a
particular kind by the interlocutor; for instance, on the conclusion
of an (elementary) argument, or on one of its premises, or on its
connection premise. In fact any contribution or part of a
contribution in an argumentative exchange can be at the focus of
some critical reaction; critical reactions themselves not excluded.

The parameter of norm allows a critical reaction to be
characterized by a norm appealed to in the criticism, for instance a
rule of critical discussion that the critic claims to have been
violated. But violation of norms is not the only ground for
criticism, nor is a charge of norm violation the only way norms are
appealed to in critical reactions. The norm may also be appealed to
merely because the criticism puts one’s interlocutor under some
kind of obligation, as for instance when a critic expresses critical
doubt vis-a-vis a standpoint taken by his opponent.

The parameter of force allows a critical reaction to be
characterized by the illocutionary force of the speech act used.
Thus, critical reactions may come forth as directives, for instance
as recommendations, requests, challenges, or commands, but also

* Our notion of ‘critical reaction” is both wider and narrower than what Van
Eemeren et al defined as the speech act of criticism, the essential condition
of which is: ‘The speaker, S, says or does something that counts as a
negative evaluation of the actions or attributes of the target, T’ [11, p. 109].
Unlike a critical reaction, as we understand that term, this speech act of
criticism need not be a reaction to a dialogue move. Moreover, this speech
act seems to exclude requests for arguments or clarifications, which do not
by themselves count as a negative evaluation but merely allude to the
possibility that such a negative evaluation may result.
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as assertives, for instance as accusations, and of course as
arguments.

The parameter of level allows a critical reaction to be
characterized by the level at which it is put forward. A critical
reaction can aim at eliciting a response from the proponent that
contributes directly to the construction of the proponent’s case, and
thus constitute a ground level move. Alternatively, a critical
reaction can belong to a dialogue about the ground level dialogue
and thus aim at influencing the course of the latter dialogue, and
only in that indirect manner contribute to the construction of the
proponent’s argumentation, thus constituting a meta-level move.

By examining these parameters, we attempt to contribute to a
systematic conceptual analysis of the various ways of criticism. An
inventory of the distinct kinds of critical reactions is important, for
example when trying to understand an argumentative discourse.
But also when developing models or protocols for reasonable
persuasion dialogue we are in need of a theoretically motivated
classification of critical reactions. After having expounded and
illustrated in Section 2 the main features of our system of
characterizing critical reactions, based upon Van Laar [9], we shall
perform a first test of the system by applying it, in Section 3, to
three contemporary approaches to critical reactions.

2. FOUR PARAMETERS

As explained above, we expect that each fully developed and
articulated critical reaction can be characterized in terms of four
parameters or factors: focus, norm, force, and level. In the case of a
particular critical reaction, each parameter will take on a specific
value (or, equivalently, each factor will be specified by a specific
feature of the critical reaction). We shall deal with these parameters
in turn.

2.1 Focus

Each critical reaction has a focus, which functions as a
precondition for a critical reaction of a particular type [cf. 12]. This
may be a focus on a move of a particular type, or on a special part
of a move, or on a sequence or combination of moves, put forward
by the interlocutor, possibly reconstructed by the critic. Because
one can take a critical stance towards any kind of contribution,
each type of speech act in an argumentative exchange can be at the
focus of a critical reaction. What is more, an argumentative move
can be seen as having four aspects: it expresses a particular
proposition, by employing a particular locution put forward with a
particular illocutionary force, by a particular person, within a
particular situation. So, the focus of a critical reaction, besides
being aimed at a particular kind of speech act, can be
propositional, locutional, personal or situational in character. We
shall first list the most prominent kinds of focus and then discuss
the aspects.

First, a critical reaction can focus on (parts of) an elementary
argument as reconstructed by the critic. An elementary argument is
an illative core of a (possibly more complex) argument, having just
one justificatory step. It contains a standpoint (or conclusion) and a
set of premises (reasons) containing exactly one connection
premise [cf. 13, p. 128]. The connection premise is a conditional
statement, having the conjunction of the other premises as its
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antecedent and the standpoint as its consequent, which — within an
argumentative context — expresses the commitment to accept the
standpoint as soon as one has accepted the reasons in the
antecedent. Often, the connection premise remains implicit, and in
such cases the procedure for making it explicit is straightforward.*

One of the parts of an elementary argument a critical reaction
can focus on is the standpoint advanced by the protagonist. This
may happen before the elementary argument has been advanced —
and in fact elicit the argument. Such a critical reaction may be
focused on an expression of an opinion by the interlocutor, whether
this expression has been marked as a standpoint or not (if not, the
criticism will turn the expression of opinion into a standpoint). Of
course, critical reactions can also focus on other parts of an
elementary argument, or on a combination of parts. Where critical
reactions on individual parts of an elementary argument are
concerned, a threefold distinction can be upheld: such a critical
reaction focuses on a standpoint or on a reason in support of a
standpoint (turning that reason itself into a substandpoint), or on a
connection premise (on the three ways hypothesis, cf. [7]).

It can be useful to characterize a critical reaction on an
elementary argument in more detail as being focused on a special
type of reason belonging to a specific kind of argumentation. For
instance, a reaction could focus on the ‘normality premise,’
belonging to defeasible arguments, which expresses that
circumstances are not exceptional, or it could focus on the
‘desirability premise,” belonging to the pragmatic argument
scheme (which is a kind of practical reasoning), which expresses
the desirability of a particular goal.

Second, a critical reaction can focus on a more complex
argument, such as a basic argument that is built up from several
elementary arguments [cf. 13, p. 129]. This happens when it is
pointed out that there occurs a shift in the meaning of a particular
term in the course of a chain of arguments, or when it is alleged
that a chain of arguments is question begging due to circularity, or
when it is shown that various parts of the complex argument are
mutually inconsistent. The critic can also charge the arguer of
having made mistakes in suppositional arguments: for instance,
when the arguer has derived an absurdity after having introduced a
supposition to be refuted, but then subsequently misidentifies the
responsible premise (see Aristotle [15] in Sophistical Refutations 5
on the fallacy of non causa, 167b21-36).

Third, the focus of a critical reaction can be on a kind of
argumentative move that is different from the presentation of an
argument. A challenge, to take an example, can be the focus of a
critical reaction when it is alleged that the critic’s challenge is
inappropriate due to the critic’s having conceded the proposition at
issue at an earlier stage. In a similar vein, one can critically react
towards requests for clarification, for example because any further
clarification would be superfluous. In such cases, a request can be
pictured as a delaying tactic. More in general, a critical reaction
can be focused on any kind of critical reaction. But there are also
other moves that can be critically reacted to, for instance proposals.
When one party, defending a standpoint, proposes a premise that is
to function as a shared point of departure, a possible critical
reaction by the other party could be that accepting that premise as a
starting point would come down to accepting the standpoint. The

* The procedure is not complicated by the goal of finding a pragmatic
optimum [cf. 10, pp. 117-118], or an appropriate general warrant [cf. 14, p.
214].

critical reaction, in such a case, is aimed at preventing an arguer
from begging the question.

Fourth, a critical reaction can focus at a combination of
argumentative moves (which could all be different from moves
needed for constructing an elementary or complex argument). For
example, it could be pointed out that one’s opponent refuses to
concede a proposition that is immediately implied by a proposition
granted earlier. In that case the criticism focuses on the
combination of the present move of refusal and the earlier move of
concession.

When focusing on such (parts or combinations of) moves of the
interlocutor, the emphasis can be towards one or other of the four
aspects of a move. Consider first propositional critical reactions. If
such a reaction focuses directly on the content of a standpoint or of
a reason, it can be called a tenability criticism, “Why P?’ [16, p.
161]; if it focuses on the content of a connection premise, it can be
called a connection criticism, ‘“Why if P then Q?’ [16, p. 160].

A locutional critical reaction focuses on the formulation of a
standpoint, reason or connection premise, or of some other
contribution. It may either be concerned with unclarity about the
propositional content or with unclarity about the illocutionary force
of the contribution. In the first case, it aims at getting the speaker to
indicate into more detail what proposition he tries to express,
‘What do you mean by P?’; or it aims at pressing him to adapt his
formulation on some other ground, for example because the
terminology is biased, or distasteful. A locutional criticism
concerned with propositional content can also focus on a complex
argument when pointing out a fallacy of equivocation, or when
pointing out the lack of terminological coherence in the
antagonist’s set of commitments. In the second case, when the
illocutionary force is unclear, a locutional criticism aims at getting
clearer about the kind of speech act performed by the other side: is
he offering an argument or an explanation? Is this multiple
argumentation or coordinative argumentation? Is this a mere
concession or a stronger, assertive kind of commitment? Or it can
be told to the interlocutor that he has performed an inappropriate
kind of speech act: he ought not himself have made a concession
for he is the protagonist in a unmixed interchange who is not asked
to make concessions to defend his standpoint, but to take advantage
of concessions by the antagonist to do so.

A personal critical reaction ‘attacks’ the person who brought
forward an argumentative contribution, for example by saying
something like ‘you’re not in a position to argue in favor of (or:
against) P in a credible way due to a general flaw in your character
(or a specific bias, etc.)’.

A situational critical reaction can point out that the external
circumstances are such that the other side’s contribution is
inappropriate: ‘defending this very standpoint in the current
societal circumstances enhances violence’, or ‘challenging P is
impolite and therefore not allowed in this family’ or ‘You
shouldn’t argue about Burma; you have never been there.’

2.2 Norm

Each critical reaction appeals to a particular kind of argumentative
norm. One can relate to a norm in various ways. One merely
follows a norm, without appealing to it, when one fulfills the
obligations prescribed by the norm.; for example, if, when one is
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supposed to provide an argument if asked to so, and is indeed
asked to do so, one provides an argument. One merely utilizes a
norm, again without appealing to it, when one makes use of a right
provided by the norm. For example, one utilizes the norm
according to which the parties can take turns, simply by performing
one’s move when the interlocutor has finished speaking. However,
one appeals to a norm by putting forward a critical reaction (of a
kind that is sanctioned by the norms) in order to put some pressure
on the interlocutor to respond in a certain way. So, by challenging
a standpoint, the critic is utilizing the freedom rule [10, p. 190]
which allows him to challenge, but also, although implicitly,
appealing to the obligation-to-defend rule [10, p. 191] in order to
press the arguer to present an argument. One appeals to a norm, in
the special sense of emphasizing it, in case the critic not only
appeals to the norm, but is also rubbing it in, meaning that she is
more or less clearly conveying the message that her critical
reaction is pertinent because of the fact that this norm is operative.
So, when the critic puts forward a challenge, and in addition
stresses that the arguer is under the obligation to provide an
argument, she is quite explicitly emphasizing a burden of proof
rule. These two ways of appealing to norms (implicitly and
explicitly by emphasizing the norms) are examined in some more
detail in the next subsection about the force of a critical reaction. In
the remainder of this subsection, however, we shall concentrate on
the distinction between three kinds of norms, rather than on ways
to refer or appeal to them.

First, there are the so-called rules for critical discussion (a
normative model for persuasion dialogue). These rules mark the
distinction between argumentatively reasonable and unreasonable
dialogue moves (fallacies). A critic may charge an arguer with
having violated one of these rules. Such a charge would amount to
an appeal to the rule in the sense of emphasizing. Of course the
charge may be ill-founded. When a critic appeals to a norm that she
considers to be part of the constitution of genuine critical
discussion but we do not, her critical reaction must be seen by us as
an incorrect appeal to a rule for critical discussion.

Second, there are norms of optimality, which mark the
distinction between argumentative moves that are really good and
those that, though not fallacies, are unsatisfactory in some
argumentative respect (lapses or blunders). For instance, if a
proponent can choose between a stronger and a weaker argument,
the stronger argument is to be preferred (cf. Krabbe [17] on the
discussion rule ‘Try to win’). Since lapses or blunders are usually
‘advantageous’ for one’s interlocutor, the latter may leave them
unnoticed. But she may also point out that the argument, though
not fallacious, is flawed and therefore unconvincing. External
observers of an argumentative discussion, however, often appeal to
optimality norms to criticize the participants.

Third, there are the so-called institutional norms. Argumentative
norms that are institutional can be seen as marking the distinction
between dialogue moves that are appropriate within the
institutional setting, and those which are inappropriate within the
setting. In the latter case we may speak of faults. In
contradistinction to the rules for critical discussion, these norms are
not part of the general explication of argumentative reasonableness.
However, they do apply in particular types of context, where the
participants use argumentation for special purposes that
supplement the goal of resolution of a difference of opinion. Van
Eemeren and Houtlosser discuss these institutional settings as
‘argumentative activities’ [18, p. 76-7]. For example, when
engaged in legal proceedings, additional rules apply to the
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argumentative moves put forward by the participants, for in order
for the difference of opinion to be resolved in a manner that is not
merely dialectically reasonable but also legally admissible, various
additional constraints must have been taken into account. These
additional constraints can be emphasized as norms in critical
reactions. For example, in a legal context, one could think of a
critic charging the other side with proposing a proposition as a
shared starting point that has been obtained by legally inadmissible
methods. We take the idea of an institution in a broad sense,
including rather mundane activities such as having a colloquial
conversation, or discussing current affairs, in addition to more
formalized activities such as being engaged in a parliamentary
discussion, a public debate or a debating contest. Norms to the
effect that particular topics are, within certain circumstances, not
up for debate, or to the effect that certain character traits or
personal circumstances can disqualify a person as a serious
participant can be regarded as special norms that characterize some
(and not all) argumentative activities.

2.3 Force

A third parameter to be used for characterizing the ways of
criticism is that of the illocutionary force of a critical reaction.
Conspicuous here are reactions in the form of directives or
assertives.

First, a critical reaction, whatever the norm appealed to and
whatever the focus, can be put forward as a directive in the form of
a request; either for argument or for clarification. Requests for
argument (or: challenges) have a propositional focus, ‘Why P?’,
whereas requests for clarification have a locutional focus, “What do
you mean by formulation P?’ In both cases, the request aims at an
extension of the argument as constructed at some stage of the
dialogue. Requests utilize the rules for critical discussion, and
appeal to them in an implicit manner. By filing a request for an
argument or a clarification, the critic is capable of pressing the
arguer to provide the requested argument or clarification on the
basis of certain rules for critical discussion. The implicit, normative
appeal of a request for an argument would, if made explicit, yield
something like: ‘in order for you to fulfill your burden of proof, as
laid down in Rule 3 for critical discussion, or Commandmend 2 of
the code of conduct [10, pp. 139 and 191], you must provide an
argument as requested.” The urgency of a request for clarification
becomes clear from a similar message, which could be made
explicit to yield: ‘in order for you to adequately express yourself,
as required in Rule 15 for critical discussion or Commandment 10
of the code of conduct [10, pp. 157 and 195], you must provide a
clarification as requested.” Normally, the reference to the applied
rules remains fully implicit in such requests; however, the
normative appeal can be made explicit along the lines indicated, in
which case the norms are emphasized, rather than merely appealed
to implicitly.

Second, instead of merely requesting an argument or a further
explication, a critic can reconstruct and negatively evaluate (a part
of) a contribution by the other side, by making an assertion to the
effect that there is a flaw of some kind in the interlocutor’s
contribution. Critical reactions such as these have been dealt with
by Finocchiaro as ‘active evaluations’ [4, p. 339]. When pointing
out a flaw, the critic is actively taking part in the discussion about
the matters at issue in the criticized contribution by putting forward
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a negative evaluation in which she appeals to one or more norms:
the flaw needs repair. The critic can do so but nonetheless refrain
from alleging that her interlocutor has been unreasonable on the
ground of having violated some rule for critical discussion (a norm
of the first kind) or inapt on the ground of having violated some
institutional norm (a norm of the third kind). In that case the norm
appealed to must be of the second kind or of yet some other kind.
As will be shown in the next subsection, in such cases any further
discussion about whether the evaluation is correct or not, can best
be seen as taking place at the ground level of dialogue. In other
cases, if the alleged flaw is taken to be a transgression of a norm of
the first or third kind, the critical reaction can best be seen as
initiating a meta-level dialogue [cf. Krabbe 19].

One prominent way of pointing out a flaw is to deny a
proposition that has been expressed or employed by the
interlocutor or to assert a proposition that implies the denial. Such
denials come in two kinds, depending upon the messages conveyed
to the other participant. If party A denies a proposition P that has
been used by party B, saying ‘not P’, this denial can convey the
relatively weak message that B will not be able to defend his
standpoint that P vis-a-vis party A. This so-called weak denial is
not itself a kind of standpoint that requires a defense when
challenged. Instead, it expresses an expectation to the effect that,
according to A’s assessment, party B will not be capable of
constructing a case for his main standpoint that will turn out to be
convincing for A. If requested to defend ‘not P’, party A can
justifiably answer ‘It is not my opinion that P is not the case, and
therefore I am not willing to present an argument in favour of ‘not
P’; instead 1 am evaluating negatively your strategic chances of
finding an argument that will convince me.” A weak denial does,
however, come with an obligation for the critic to be open about
her considerations that brought her to this assessment: what makes
her think that B lacks the means for persuading her? So, there is,
instead of a burden of proof, a kind of burden of giving some
explanation, be it that this burden will have to be rather limited
considering that the critic herself may not have full access to the
grounds of her assessment. In short, a weak denial will always be a
purely critical move, rather than a constructive one. >

A second kind of denial is the strong denial. With a strong
denial, ‘not P,” party A conveys the message that A will be able to
defend this denial against B’s critical testing. Such a
counterstandpoint does carry a burden of proof, when challenged.
So, besides being critical, such a move is constructive, generating a
mixed dispute.

If the focus of a weak or strong denial is on the propositional
content of the connection premise, the critic is pointing out a
justificatory flaw. Such flaws can also be pointed out in ways other
than by denials, for example by presenting a counterexample.
Methods, other than denials, for pointing out flaws can also be
found in critical reactions in which it is alleged that a formulation
used by the other side contains biased terms or harmful
ambiguities. Or when the evidence is pictured as legally
inadmissible, or when it is held that the interlocutor has exceeded
the time limit.

Third, when raising a challenge or when pointing out a flaw,
party A can choose to accompany this critical reaction by some of

° This notion of a weak denial resembles what Rescher discusses as
‘cautious denial’ [20, p. 9], which expresses that P is not the case ‘for all
that you (the adversary) have shown’ [p. 6].

the counter-considerations that party B must take into account
when making further decisions as to whether and, if so, how to
proceed in his attempts to persuade A of B’s standpoint P. These
counter-considerations function as A’s strategic advice to B. We
will provide a few examples. First, a challenge can be accompanied
by a consideration that explains to B why A is critically disposed to
P. The message to B then is that B must adapt his persuasive
strategy in such a way that this motive for a critical stance will be
defused. Second, a similar analysis can be provided when A gives
an argument in favour of taking a neutral position towards P, rather
than accepting P. Third, it has been stated above that weak denials
should generally be accompanied by considerations that explain
why party B will turn out to be unable to persuade A. But such
considerations would of course be overruled if B were to defuse
them in some way or other. Hence they provide strategic advice for
B. Fourth, strong denials can be accompanied by argumentation.
Such argumentation can fulfill two functions: a constructive
persuasive function (persuading B of not-P), but we refrain from
discussing this function since we are concerned with critical, rather
than with constructive moves. In the present context it is more to
the point to stress the other function, that of providing party B with
considerations that must be refuted before party A will retract her
critical doubt towards P.%

2.4 Level

A fourth parameter is that of level. Although it is difficult to draw a
borderline, the distinction we have in mind has to do with the
directness with which a dialogue move contributes to the
argumentation in favour of one of the standpoints adopted in the
discussion. Quite direct contributions will be located at the ground
level dialogue, while more indirect contributions — moves that are
about the dialogue rather than about the issue at hand — are to be
located at a meta-level dialogue or at dialogues even higher up in
the hierarchy.

Clearly, a move in which a proponent puts forward an argument
in favour of a challenged proposition contributes directly to the
complex case he is constructing for his conclusion, and so this
move is a ground level move. The same applies to the clarification
of a part of the argument, for example by explaining what was
meant by this or that expression. Requests for further arguments or
for clarification of an argument will be seen as quite directly
contributing to the argumentation in that the response aimed for is

® In Rescher [20] two notions occur that resemble such counter-
considerations, namely ‘provisoed denial’ [pp. 6, 9] and ‘weak distinction’
[p.12]. In a provisoed denial of P the opponent expresses something of the
form: ‘Q is the case for all that you’ve shown and Q constitutes prima facie
evidence for not P’. Not P is a weak denial and we may interpret Q as a
part of the explanation why the opponent thinks P is not (yet) to be
accepted. The advice is to defuse Q as a counter consideration to P. A weak
distinction is a way for the opponent to focus on the connection premise of
an argument ‘Q so P’. A weak distinction is expressed by something of the
form: ‘For all you’ve shown, both Q and R, while Q and R taken together
provide prima facie evidence for not-P’. Again, ‘not-P’ is a weak denial
and we may interpret R to be a part of the explanation why the connection
between Q and P does not apply in the current circumstances. The advice is
to defuse R as a counter consideration to the connection between Q and P.
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an argument or a clarification. So, these moves are considered to be
ground level moves as well.

However, if a party’s move deals with the strategy adopted by
himself or by the other side, the contribution can be seen as dealing
with the standpoints at issue, but only indirectly so. The primary
topic is a strategy that has been, can be or should be adopted. So,
what we have called weak denials are to be seen as initiating a
meta-level dialogue. Similarly, moves offering strategic advice are
meta-level moves.

When a party asserts that the other side has transgressed a rule
for critical discussion or an applicable institutional norm of some
kind, the moves must be seen as being primarily about the
legitimacy or appropriateness of part of the preceding dialogue,
and thus as initiating and contributing to a meta-level dialogue. So,
when the critic puts forward a negative evaluation by charging her
interlocutor with having breached a norm, strongly emphasizing
the norm, her evaluation will also count as a request for some kind
of repair, as is generally the case with pointing out flaws. But in
addition, the interlocutor is accused of having put forward a move
that hinders or even blocks either the resolution-goal of their
discussion (a fallacy) or one of the goals inherent in the
institutional activity (a fault). All such charges take place at a
meta-level of dialogue.

Charges of faults in the present sense occur for instance when
party A points out to party B that defending a certain proposition
will have unacceptable social consequences (the charge may of
course be unjustified). One may think of the self-fulfilling
prophecy that ensues when a prime minister too much stresses its
country’s economical troubles, or of cases where it is said that our
adversaries will profit if anyone would take a critical stance
towards a standpoint. Also personal attacks can be seen as charges
that the interlocutor has violated an institutional norm, in that case
a norm to the effect that for instance the arguer’s financial
involvement, lack of expertise or insincerity is inappropriate for the
kind of discussion at hand. Those personal attacks that are
dialectically illegitimate constitute ad hominem fallacies.

3. APPROACHES TO CRITICAL REACTIONS

3.1 Finocchiaro on Active Involvement

In Chapter 15 of his Galileo and the Art of Reasoning, Finocchiaro
discusses fallacies and the understanding and evaluation of
reasoning or arguments. Unfavorable (negative) evaluation — which
according to Finocchiaro is often more interesting than favorable
(positive) evaluation — is called ‘criticism’ [4, p. 332]. On the basis
of his study of Galileo’s critiques of various Aristotelian arguments
(in the Dialogue Concerning the Two Chief World Systems)
Finocchiaro concludes ‘that it is both possible and effective to
evaluate arguments ‘actively’ in the sense that the inferential
interrelationships among the propositions involved are tested by
reasoning on the level of, and largely in terms of, the object
argument and by checking whether what follows from asserted
premises is the conclusions drawn in the object argument or other
propositions.” [4, p. 339]. In dialogical terms: the opponent may
join the proponent as an arguer as they discuss the ins and outs of
an argument put forward by the proponent, and this may be done
on what we called the ground level of dialogue.
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The focus of the criticisms Finocchiaro discusses is always the
argument itself, and more specifically the connection premise,
which is the premise that specifies ‘the inferential
interrelationships’ between the other premises and the conclusion.
The criticisms can take various shapes — spelled out in Chapter 17
[4] as pointing to different kinds of ‘invalidity’, which later were
described as six types of fallaciousness [21] — but, to put it bluntly,
they all claim that the conclusion does not follow from the
premises [21, p. 267]. The differences lie in the arguments offered
to substantiate that claim. Here the main categories are formal,
explanatory, presuppositional, positive, semantical, and persuasive
fallaciousness, which each correspond to a particular way of
arguing by the critic.”

The dialectical norm appealed to in these criticisms is evidently
that the arguments offered by a proponent should be improved until
they are such that that the conclusion follows from the premises.®
Finocchiaro [21] does not explain what ‘following from’ means. In
our view ‘following from’ need not be understood in the sense of
deductive validity: rather it is a contextual notion referring to there
being in a specific context no further objections to an inference
step [cf. 4, p. 422-3]. Thus, with respect to the parameter of force,
we may notice that the criticisms (when used in dialogue) contain
not only a claim and arguments, but also a request to the proponent
to improve his argument taking into account the counter-
considerations brought forward.

As to the level, we saw that these criticisms could take place at
the ground level, but it is not of course excluded that the
participants take more distance from the object argument and get
involved in a meta-dialogue about ways of arguing. Finocchiaro’s
use of the term ‘fallaciousness’ may even suggest this, since a
discussion about fallacies typically takes place at a meta-level.
However, Finocchiaro is quite explicit about preferring the weaker
term ‘fallaciousness’ to the term ‘fallacy’ [21, p. 266-7]. So
‘fallaciousness’ need not refer exclusively to a situation where
someone is charged with a fallacy (infringement of a rule for
critical discussion) and a shift to a meta-dialogue takes place.

3.2 Pollock on rebutting defeaters and undercutting

defeaters

We will provide another test of the worth of our four parameters by
trying to characterize two notions that Pollock employs [5], and
that have proven useful in the area of argument and computation.
These two notions, to wit ‘rebutting defeater’ and ‘undercutting
defeater’, can be seen as specific kinds of critical reactions. In
order to show that to be the case, by applying the four parameters,
we first need to transform these notions from Pollock’s epistemic
perspective to our dialectical perspective.

Given his interest in ‘the construction of a person’ who is
capable of reasoning and reasoned action, Pollock chooses to focus
on reasoning as the process by which beliefs are inferred from
perceptual input and from previously held beliefs. An argument is
considered as ‘a record of the state transitions involved in the

7 We cannot here discuss these in detail, but these ways of arguing and their
use by Galileo form the most intriguing part of Finocchiaro’s paper [21].

8 This is a dialectification of the simpler norm that in arguments the
conclusion should follow from the premises.
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agent’s reasoning’ [5, p. 39]. According to Pollock, most reasoning
is defeasible insofar as it allows for rebutting defeaters or
undercutting defeaters. Pollock defines a rebutting defeater thus: ‘If
<I,p> is a prima facie [= non deductive] reason [= elementary
argument with premises I" and conclusion p], <A,q> is a rebutting
defeater for <I",p> iff <A,q> is a reason and q = “—p’”’, where ‘—¢’
is the denial of ‘@’ [5, p. 85]. His definition of undercutting
defeater is: ‘If <I,p> is a prima facie reason, <A,q> is an
undercutting defeater for <I',p> iff <A,q> is a reason and q =
“~(IIT" » p)’. In this definition, ‘~(II" » p)’ is the denial (‘~¢’
symbolizes the negation of @) of a conditional proposition (‘@»y’
stands for: ¢ would not be true unless y were true) with the
conjunction of the premises of I' (symbolized as ‘TI”) as its
antecedent and p as its consequent, saying: ‘It is not the case that
III" wouldn’t be true unless p were true’ [5, p. 86]. Suppose one
reasons from ‘The table looks red to me’ to ‘the table is red.” Then
an undercutting defeater that defeats this argument reasons from ‘A
red light illuminates this table’ to ‘It’s not the case that the table
wouldn’t look red to me unless the table were red’.

Given that these two kinds of defeaters are defined at an abstract
level, we surmise that they can best be seen as propositional or
linguistic entities that can be, but need not have been, employed by
a person with the aim of defeating, or criticizing, an argument. A
dialectical way of reading the definition of a rebutting defeater
would be: ‘Where the proponent puts forward “P so Q” as an
elementary argument, “R so S” is a rebutting defeater if and only if
“R so S” is an elementary argument that can be put forward by the
opponent, where S is the denial of Q’. Similarly, the idea of an
undercutting defeater allows of the following interpretation:
‘Where the proponent puts forward “P so Q” as an elementary
argument, “R so S” is an undercutting defeater if and only if “R so
§$” is an elementary argument that can be put forward by the
opponent, where S is the denial of the connection premise P—Q’.
Note that in a dialectical context, the critic’s use of a rebutting
defeater against an arguer’s argument ‘P so O’ normally conveys
the message that the critic does not consider herself committed to
both the proposition ‘P’ and the proposition ‘P—(Q’, though she
may not dispose of any defeaters for these propositions.

What would be a plausible way of characterizing these critical
reactions in terms of the four parameters? Both kinds of defeaters
can be seen as critical reactions having at least the force of
assertives, and more specifically as argued strong denials by which
a critic points out the flaw on the proponent’s side of having used a
proposition that happens to be false. In both kinds, the strong
denial is accompanied by counter-argumentation, which, as we
discussed, also functions as strategic advice by giving the
considerations to be defused by the proponent. Further, both kinds
of defeater are, when put to use, contributions to the ground level
dialogue. What distinguishes the two defeaters is first of all that
rebutting defeaters are focused on the propositional content of a
(intermediate) conclusion or (sub-)standpoint put forward by the
proponent, while undercutting defeaters are focused on the
propositional content of a connection premise taken for granted by
the proponent. As to norms it may be observed that a rebutting
defeater and an undercutting defeater appeal to different norms for
argumentative dialogue.

A rebutting defeater is a somewhat unspecific kind of critical
reaction, in the sense that it implies a negative evaluation of the
elementary argument presented by the interlocutor, but without
specifying whether the connection premise or one of the other
premises is taken to be unacceptable. As we have seen, the

strategic advice to the proponent is to defend his position in a way
that meets the considerations of the critic by defusing, that is
defeating, the defeater. According to Rule 7 for critical discussion
[10, pp. 145-148], the protagonist has developed a successful
defense only if his argumentation is ultimately based on
propositions that may not be called into question in the discussion,
something that can be settled by the parties in the opening stage.
But this rule determines the meaning of ‘successful defence’, rather
than stipulating a norm. The implicit norm, however, is clear: try to
develop a successful defence (a norm of optimality, see Section
2.2). A rebutting defeater can be seen as appealing to this norm. An
undercutting defeater appeals to rules for persuasion dialogue
according to which the arguer must employ appropriate and
correctly applied argument schemes [e.g. Commandment 8 in 10,
p- 194] or accepted logical schemes [e.g. Commandment 7 in 10, p.
193].

3.3 Snoeck Henkemans on complex argumentation

in critical discussion

In order to explain how complex argumentation comes about and
what functions the various kinds of elements of an argumentation
fulfill, Snoeck Henkemans [22] discusses the critical reactions that
can occur in a critical discussion (as well as the various ways of
responding to these critical reactions). She points out that in the
ideal model of a critical discussion, an antagonist can criticize an
argument by indicating the lack of acceptability of ‘the
propositional content of the argumentation’ [22, p. 408], or by
pointing out that ‘the argument does not provide sufficient support
for the standpoint’ [22, p. 408], or by making it clear that ‘he
regards the argument as irrelevant to the standpoint’ [22, p. 409].

The force of a critical reaction by which the antagonist makes it
clear that a premise is unacceptable can, when the reaction has
been put forward in a questioning mode, be seen as that of a
request for argumentation in defense of a premise of an elementary
argument. But then, the antagonist may also offer a counter-
argument to the effect that the premise is unacceptable. In that case
the critical reaction can be seen as having the force of a strong
denial and as being accompanied by argumentation in favor of that
denial. Snoeck Henkemans makes it clear that these critical
reactions can give rise to a subordinative (or: serial) argumentation
on the protagonist’s part. So, in both cases, the implicit strategic
advice for the proponent is to provide such subordinative
argumentation. Further (in both cases), the critical reaction takes
place on the ground level of dialogue. As in the case of Pollock’s
rebutting defeaters, these two kinds of critical reaction appeal to a
norm according to which the proponent must make a serious effort
to succeed in the discussion.

Snoeck Henkemans distinguishes between two ways of
indicating that, as far as the antagonist is concerned, the adduced
reasons do not suffice to yield the conclusion. The antagonist may
either call their sufficiency into question by asking for more
reasons or by raising an objection against the argument’s
sufficiency. In the former case, the critical reaction can be
characterized as being focused on the connection premise and as
having the force of a request. In the latter case, the antagonist
‘mentions a specific objection that can be seen as an argument in
favor of his claim that the amount of support is insufficient’ [22, p.
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409]. In our terms, this critical reaction can be seen as having the
assertive force of a strong denial of the connection premise and as
being accompanied by an argument in favor of that denial. Snoeck
Henkemans makes it clear that both situations prompt the
protagonist to offer a coordinative (or: a kind of convergent)
argumentation. In our view, the protagonist could also try to argue
that the argumentation given is in fact sufficient, i.e., he could offer
subordinative argumentation supporting the connection premise.
To put these matters in our terms, the implicit strategic advice for
the proponent is to provide either coordinative argumentation or
subordinative argumentation. In the case of a request, the advice is
to provide cumulative argumentation by adding new evidence,
unless the protagonist sees an opportunity to convince the
antagonist, by the use of subordinative argumentation, that the
argumentation given is in fact sufficient. In case the critic has
mentioned an objection, the advice is to provide complementary
argumentation by adding a reason that defuses the objection [23,
pp. 96-97]. In both cases, the critical reaction takes place on the
ground level of dialogue. As in the case of undercutting defeaters,
the norm appealed to is that the connection premise must
correspond to an appropriate and correctly applied argumentation
scheme [e.g. Commandment 8 in 10, p. 194] or accepted logical
scheme [e.g. Commandment 7 in 10, p. 193].

Finally, the antagonist may indicate that ‘the argument is
irrelevant to the standpoint’ [22, p. 409]. Such a critical reaction
focuses, again, on the connection premise. Its force can be merely
that of a request for further argumentation to support the relevance.
However, the antagonist may also offer a counter-argument against
the relevance of a premise or premise set. In that case, the critical
reaction has the force of a strong denial and is accompanied by
argumentation. Snoeck Henkemans makes it clear that charges of
irrelevance occasion the protagonist to offer a new argument in
favor of a premise (made explicit) that states the connection
between the allegedly irrelevant premise (set) and the main
standpoint; the result is subordinative argumentation. In our terms,
the implicit strategic advice for the proponent is to provide such
subordinative argumentation. In the special case where the
antagonist has supported the objection of irrelevance by argument,
this argument must be defused by the argument of the proponent.
Whether or not it contains an argument, the critical reaction takes
place on the ground level of dialogue. The norm appealed to is that
the connection premise must correspond to an appropriate and
correctly applied argument scheme [e.g. Commandment 8 in 10, p.
194] or accepted logical scheme [e.g. Commandment 7 in 10, p.
193]. A difference between attacking sufficiency and attacking
relevance that Snoeck Henkemans alludes to is to be found in the
strategic advices they offer. In the case of attacking the
insufficiency, the strategic advice is (either to give up or) to repair
an elementary argument by adding one or more premises, such that
the result is an elementary argument that has an acceptable
connection premise or, in our view, to provide a new elementary
argument that supports the connection premise of the original
argument. In the case of attacking irrelevance, the only options
offered by the strategic advice are either to give up or to support
the connection premise by argument.
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4. CONCLUSION

As has become evident from our discussion of the four parameters
and of the notions of criticism used by Finocchiaro, Pollock and
Snoeck Henkemans, there exists an enormous variety of critical
reactions. These must be taken into account within argumentation
studies aimed at the development of norms for argumentation and
of practical guidelines for those who wish to engage in
argumentative activities, displaying rationality as well as
persuasiveness. In order to proceed in these areas we think it to be
important to compare notions of critical reactions as they exist
within approaches such as formal dialectic, pragma-dialectic and
computational approaches in a more or less systematic manner, so
as to facilitate the development of a clear and useful inventory of
critical reactions. In this paper we took some steps in that direction.

What became clear to us, is that criticisms often constitute
subtle argumentative instruments that do not only carry negative
messages for the interlocutor, but are often helpful in that they
provide various kinds of strategic advice.
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Generating Abstractive Summaries of Conversations
through Automatic Argumentative Analysis

Vincenzo Pallotta' and Rodolfo Delmonte?

Abstract. Abstractive summarization of conversations is a very
challenging task that requires full understanding of the utterance/s
contained in a dialog turn, their roles and relationships in the con-
versation. We present an efficient system, derived from a full-fledged
text analysis system, which performs the necessary linguistic analy-
sis of turns in conversations and provides useful argumentative labels
to build synthetic abstractive summaries.

1 Introduction

The generation of text summaries from transcribed spoken dialogs
occurring between two or more people is considered an open prob-
lem in Natural Language Processing (or Computational Linguistics).
Voice communications can happen either during face-to-face en-
counters or when parties are remotely connected and using commu-
nication services such as VoIP, teleconferencing or just telephones.
In this work, we start from the assumption that voice communica-
tion can be transcribed accurately and that it is segmented into turns
assigned to each speaking participant. While this assumption might
seem restrictive, most corpora of voice communications are of this
kind. Moreover, the cost of transcribing speech is far lower than the
cost of summarization.

Automatic summarization of conversations would be a very use-
ful tool that allows enterprises in extracting knowledge from many
sources (e.g. web forums, social media, meeting records) and inte-
grating this knowledge into corporate knowledge bases for future
content-based access. For instance, one could easily find answers to
questions like “why this decision was made” or “who rejected the
proposal made by X?” or “How the decision of doing X impacted
the progress of project Y?”. It is apparent that answering this kind
of questions requires a deep understanding of the conversational sit-
uation such as its dynamics, the rules of order adopted, the specific
language used, and even culture-specific rituals.

1.1 Related Work

The problem of automatic summarization of conversations was ini-
tially investigated in the 80’ in the context of several DARPA projects
[20] focusing on meeting data. Automatic summarization of meet-
ings has been typically approached in a so-called “extractive” fashion
that is by extracting excerpts of the dialogs and by assembling them
into a hopefully coherent text [12]. This method has severe limita-
tions due to the intrinsic characteristics of the source data: dialogs
are not as coherent as an ordinary narrative text (such as news or
scientific articles) and obtaining a coherent text from dialog turns is

1 Webster University Geneva, Switzerland, pallotta@webster.ch
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practically impossible using the extractive approach. Moreover, the
proposed solutions for extractive summarization of meetings have al-
ready reached their qualitative upper bounds [17].

Abstractive summarization of dialogs has been recently only par-
tially addressed by some research project among which the European
FP6 AMI, and the DARPA’s CALO project. On this side, some ad-
vances have been achieved such as extracting (very basic) “dialog
acts” [1], detecting “agreement and disagreement” [7, 5], segmenting
the meeting into “thematic zones” [8], and, only recently, detecting
“decision points” [9, 10], and “action items” [13]. At the University
of Twente, also in the framework of the AMI project, a group was
investigating on the automatic argumentative structuring of meeting
dialogs [18].

Unfortunately, although very related, none of these projects di-
rectly address the problem of abstractive summarization of conver-
sations and all the advances on the detection of useful content infor-
mation from meeting data are mainly exploited to improve extractive
summarization, which, as said before, can be only improved up to a
given (unsatisfactory) upper bound.

The problem we address here, instead, is that of abstractive sum-
marization of conversations. This problem is apparently much harder
to solve than the extractive one since it requires almost the full un-
derstanding of the source data [6].

1.2 Argumentative Analysis of Dialogs

We start from transcribed turns in conversations. Our solution to
the problem of abstractive summarization of conversations would be
learning a general semantic/pragmatic structure for dialogs data that
could be specialized for different conversations types (e.g. meetings,
debates, focus groups, forums and interviews).

We were looking at pervasive pragmatic phenomena in dialogs
and we realized that most of encountered dialogs include argumenta-
tive processes. Basically, exchange of opinions, questions-answers,
negotiations and collaborative decision-making are at the heart of
voice communications. Unfortunately, these phenomena are not suf-
ficiently lexically marked in the dialogs to justify extractive summa-
rization. For instance, a disagreement to a proposal about an issue
cannot be summarized as just the turn “no” occurring in the dialog.
This action is the result of a complex, sometimes long exchange be-
tween two or more participants.

By simply extracting some turns from the dialog is often insuf-
ficient to fully render the situation. In contrast, it is necessary to
provide a paraphrase where some argumentative terminology is used
such as, for instance, “Mr. X disagreed to the proposal made by Mr.
Y on the issue raised by Mr. Z”. Our system is capable to recognize
a small, but highly relevant set of general argumentative action that

29



can be used to produce such paraphrases thus creating a meaningful
abstractive summary of the analyzed conversations. While the gen-
eration of the summaries is quite trivial given the extracted informa-
tion, we will focus in this paper on the recognition of argumentative
events as the core of the technology required to implement an ab-
stractive summarizer of voice communications.

The paper is organized with a presentation of the system in section
2; then some data and an evaluation in section 3. A final section will
be devoted to conclusions.

2 Automatic Argumentative Annotation

Computing semantic representations for argumentative annotation of
conversations is a particularly hard task which — when compared to
written text processing - requires the following additional informa-
tion to be made available:

e adequate treatment of fragments;

e adequate treatment of short turns, in particular one/two-words
turns;

e adequate treatment of first person singular and plural pronominal
expressions;

e adequate treatment of disfluency, thus including cases of turns
made up of just such expressions, or cases when they are found
inside the utterance;

e adequate treatment of overlaps;

e adequate treatment of speaker identity for pronominal co-
reference;

In addition, every dialog turn must receive one polarity label, indi-
cating negativity or positivity, and this is computed by looking into a
dictionary of polarity items. This can subsequently used to decide on
argumentative automatic classification.

2.1 Argumentative structure — issues and theories

As shown by [19], tracking argumentative information from meet-
ing discussions is of central importance for building summaries of
project memories since, in addition to the "strictly factual, technical
information", these memories must also store relevant information
about decision-making processes [14].

We consider the adoption of a deeper structured representation
based on argumentation theory. The argumentative structure defines
the different patterns of argumentation used by participants in the
dialog, as well as their organization and synchronization in the dis-
cussion. A conversation is decomposed into several stages such as
issues, proposals, and positions, each stage being possibly related
to specific aggregations of elementary dialog acts. Moreover, argu-
mentative interactions may be viewed as specific parts of the discus-
sion where several dialog acts are combined to build such an inter-
action; as for instance, a disagreement could be seen as an aggrega-
tion of several acts of reject and accept of the same proposal. From
this perspective, we adopted an argumentative coding scheme, the
Meeting Description Schema (MDS) from [15]. In MDS, the argu-
mentative structure of a meeting is composed of a set of topic discus-
sion episodes (a discussion about a specific topic). In each discussing
topic, there exists a set of issue discussion episodes. An issue is gen-
erally a local problem in a larger topic to be discussed and solved.
Participants propose alternatives, solutions, opinions, ideas, etc. in
order to achieve a satisfactory decision. Meanwhile, participants ei-
ther express their positions and standpoints through acts of accepting
or rejecting proposals, or by asking questions related to the current
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proposals. Hence, for each issue, there is a corresponding set of pro-
posals episodes (solutions, alternatives, ideas, etc.) that are linked to
a certain number of related positions episodes (for example a rejec-
tion to a proposed alternative in a discussing issue) or questions and
answers.

3 Computing Argumentative Annotations

The core of our solution is based on adapting and extending
GETARUNS [2, 3], a system for text understanding developed at
the University of Venice. GETARUNS is organized as a pipeline
which includes two versions of the system: the Partial and the Deep
GETARUNS. The Deep version, used in this work, is equipped with
three main modules:

e a lower module for parsing, where sentence strategies are imple-
mented;

e amiddle module for semantic interpretation and Discourse Model
(DM)I construction which is cast into Situation Semantics;

e a higher module where reasoning and generation takes place.

GETARUNS, has a highly sophisticated linguistically based seman-
tic module which is used to build up the DM. Semantic process-
ing is strongly modularized and distributed amongst a number of
different submodules which take care of Spatio-Temporal Reason-
ing, Discourse Level Anaphora Resolution, and other subsidiary pro-
cesses like Topic Hierarchy which cooperate to find the most prob-
able antecedent of coreferring and cospecifying referential expres-
sions when creating semantic individuals. These are then asserted
in the DM, which is then the sole knowledge representation used to
solve nominal coreference. The system has been adapted to cope with
some peculiar phenomena in dialogs such as overlap and short turns
or fragments. Overlaps are an important component of all spoken di-
alogue analysis. In all dialogue transcription, overlaps are treated as
a separate turn from the one in which they occur, which usually fol-
lows it. This is clearly wrong from a computational point of view. For
this reason, when computing overlaps we set as our first goal that of
recovering the temporal order. This is done because:

e overlaps may introduce linguistic elements which influence the
local context;

e cventually, they may determine the interpretation of the current
utterance;

For these reasons, they cannot be moved to a separate turn because
they must be semantically interpreted where they temporally belong.
In addition, overlaps are very frequent. The algorithm we built looks
at time stamps, and everytime the following turn begins at a time
preceding the ending time of current turn it enters a special recursive
procedure. It looks for internal interruption in the current turn and
splits the utterance where the interruption occurs. Then it parses it
split initial portino of current utterance and continues with the over-
lapping turn. This may be reiterated in case another overlap follows
which again begins before the end of current utterance. Eventually, it
returns to the analysis of the current turn with the remaining portion
of current utterance.

Fragments and short turns are filtered by a lexical lookup pro-
cedure that searches for specific linguistic elements which are part
of a list of backchannels, acknowledgements expressions and other
similar speech acts. If this procedure succeeds, no further compu-
tation takes place. However, this only applies to utterances shorter
than 5 words, and should be made up only of such special words. No
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other linguistic element should be present apart from nonwords, that
is words which are only partially produced and have been transcribed
with a dash at the end. The two remaining cases are the following:

e graceful failure procedures for ungrammatical sentences, which
might be fullfledged utterances but semantically uninterpretable
due to the presence of repetitions, false starts and similar disflu-
ency phenomena;

e failure procedures for utterances that are constituted just by dis-
fluency items and no linguistically interpretable words.

We also implemented a principled treatment of elliptical utterances
and contribute one specific speech act or communicative act. They
may express agreement/disagreement, acknowledgements, assess-
ments, continuers etc. All these items are computed as being com-
plements of abstract verb SAY which is introduced in the analysis,
and has as subject, the name of current speaker.

Finally, Automatic Argumentative Annotation is carried out by a
special module of the GETARUNS system activated at the very end
of the computation of the each dialog. This module takes as input
the complete semantic representation produced by the system. The
elements of semantic representation we use are the following ones:

e all facts in Situation Semantics contained in the Discourse Model,
which include individuals, sets, classes, cardinality, properties re-
lated to entities by means of their semantic indices;

e facts related to spatio-temporal locations of events with logical
operators and semantic indices;

e vectors of informational structure containing semantic informa-
tion at propositional level, computed for each clause;

e vectors of discourse structure with discourse relations computed
for each clause from informational structure and previous dis-
course state;

e dialog acts labels associated to each utterance or turn following
ICSI classification;

e overlaps information computed at utterance level;

e topic labels associated to semantic indices of each entity marked
as topic of discourse;

e all utterances with their indices as they have been automatically
split by the system.

To produce Argumentative annotation, the system uses the follow-
ing 21 Discourse Relations labels computed by GETARUNS in the
higher module:

statement, narration, adverse, result, cause, motivation, explanation,
question, hypothesis, elaboration, permission, inception,
circumstance, obligation, evaluation, agreement, contrast, evidence,
hypoth, setting, prohibition.

These are then mapped onto five general argumentative labels:

ACCEPT, REJECT/DISAGREE, PROPOSE/SUGGEST,
EXPLAIN/JUSTIFY, REQUEST.

In addition, we use the label DISFLUENCY for all those turns that
contain fragments which are non-sentences and are not semantically
interpretable. Full details about the argumentative annotation algo-
rithm are provided in [4]. The argumentative annotation algorithm is
outlined as follows:

1. It recovers Dialog Acts for each dialog turn as they have been
assigned by the system;
2. Itrecovers Overlaps as they have been marked during the analysis;
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3. It produces an Opinion label which we call Polarity, which can
take one of two values: Positive or Negative;

4. It produces a list of Hot Spots (i.e. a set of turns in sequence where
the interlocutors overlap each other frequently) and builds up
Episodes (i.e. a set of turns in which a single speaker “arguments”
his/her topics without interruption). Episodes may occasionally
be interrupted by overlaps or by short continuers, backchannel or
other similar phenomena by other speakers without however grab-
bing the floor;

5. It assigns a set of argumentative labels, one for each clause. The
system then chooses the label to associate to the turn utterance
from a hierarchy of argumentative labels graded for Pragmatic
Relevance which establishes that, for instance, Question is more
relevant than Negation, which is more relevant than Raising an
Issue, etc.

We are also able to evaluate the degree of collaboration vs. compet-
itiveness of each participant in the conversation and make a general
statements like the ones we include here below taken from the sum-
maries produced for a dialog of our test corpus.

3.1 Abstractive Summary Generation

We present here the structure and the core content of the abstractive
summary (Memo) that is generated automatically by the system. The
Memo is made of five sections of paraphrased summary, touching
upon different conversational features that are relevant to the general
understanding of the conversation.

The first section reports general information regarding the partici-
pants and their level of involvement in terms of number of turns and
actual presence in the conversation. In this meeting, for instance, two
of the participants joined late and contributed less.

GENERAL INFORMATION ON PARTICIPANTS

The participants to the meeting are 6. Participants less actively
involved are Adam and Andreas who only intervened respec-
tively for 9 and 72 turns.

The second section reports about levels of interactivity and is based
on the use of time stamps and the computation of overlaps. We com-
pute number of turns effectively held by each speaker, then the num-
ber of overlaps done by each interlocutor. These numbers allow us to
define levels of competitiveness in the conversation.

LEVEL OF INTERACTIVITY IN THE DISCUSSION

The speaker that has held the majority of turns is Don with a
total of 512 turns, followed by Morgan with a total of 456 turns,
followed by Jane with a total of 263.

The speaker that has undergone the majority of overlaps is
Morgan followed by Jane. The speaker that has done the ma-
Jjority of overlaps is Morgan followed by Jane. Morgan is the
participant that has been most competitive. This participant:
Andreas, only intervened after turn no. 1091

The third section reports lexical chains that highlight the main topics
of the conversation.

DISCUSSION TOPICS AND LEXICAL CHAINS

The discussion was centered around the following topics: for-
mat, file and tool.

The main topics have been introduced by the second most im-
portant speaker of the meeting.

The participant who introduced the main topics in the meeting
is: Morgan.

31



The most frequent entities in the whole dialogue partly co-
incide with the best topics, and are the following: format,
utterance, representation, annotations, information, p_file,
equals, ATLAS, prosodic, database, data, diff, a_p_i_, tool, se-
quence, files, external, boundaries, whole, versions, timeline,
text, speaker, rising, file_format, ’Adam’, transcripts, prosody,
phrase, perl, lattice, idea, channels.

The fourth section highlights speakers’ attitudes towards topics and
they are computed from pragmatic information collected from id-
iomatic expression and sentiment analysis. It uses five values: Posi-
tive, Negative, None, Acceptance, Suspension, where Suspension in-
dicates an expression of doubt or some modality and None refers to
simple declaratives without opinion specified.

SPEAKERS ATTITUDES TOWARDS THE TOPIC “format”
We report here below the lexical chains associated to the most
frequent entities and topics discussed in the dialogue. The lex-
ical chain headed by the word "format", is present in the fol-
lowing turns, headed by a given predicate and introduced by a
given speaker, with a given attitude.

TNo. 45, Pred. develop, Spk. Don, Att. Positive
TNo. 205, Pred. have, Spk. Don, Att. Positive

TNo. 230, Pred. like, Spk. Jane, Att. Positive

TNo. 279, Pred. see, Spk. Morgan, Att. Negative
TNo. 300, Pred. describe, Spk. Don, Att. None
TNo. 345, Pred. have, Spk. Jane, Att. Positive

TNo. 490, Pred. have, Spk. Don, Att. Negative
TNo. 523, Pred. be, Spk. Don, Att. Positive

TNo. 569, Pred. find, Spk. Morgan, Att. Suspension
TNo. 583, Pred. be, Spk. Don, Att. Suspension
TNo. 605, Pred. do, Spk. Jane, Att. Positive

TNo. 773, Pred. add, Spk. Morgan, Att. Suspension
TNo. 775, Pred. be, Spk. Don, Att. Suspension

TNo. 1207, Pred. be, Spk. Jane, Att. Acceptance

The last fifth section highlights the argumentative content of the con-
versation, is made of two parts. The first is an overview of the argu-
mentative activity of participants; the second is an outline of the argu-
mentative structure detected for each thematic episode. Each turn is
paraphrased according to its recognized argumentative function and
linked through a discourse relationship to previous turns.

ARGUMENTATIVE CONTENT

The following participants: Andreas, Dave, Don, Jane and
Morgan, expressed their dissent 58 times; however Dave, An-
dreas and Morgan expressed dissent in a consistently smaller
percentage.

The following participants: Adam, Andreas, Dave, Don, Jane
and Morgan, asked questions 55 times.

The remaining 1204 turns expressed positive content by propos-
ing, explaining or raising issues However Adam, Dave and An-
dreas suggested and raised new issues in a consistently smaller
percentage.

The following participants: Adam, Andreas, Dave, Don, Jane
and Morgan, expressed acceptance 217 times.

EPISODE ISSUE No. 1 In this episode we have the following
argumentative exchanges between Don, Jane and Morgan:
Don raises the following issue: [um so - so it definitely had that
as a concept .|
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then he, overlapped by Morgan, continues: [so th ... it has a
single timeline .|

Morgan accepts the previous explanation: [uhhuh, .]

Then Don elaborates the following explanation: [and then you
can have lots of different sections.]

EPISODE ISSUE No. 2 In this episode we have the following
argumentative exchanges between Don, Jane and Morgan:
Jane, overlapped by Dave, suggests the following explanation
[actually we - we use a generalization of the - the sphere format
.] [yeah so there is something like that .] [but it’s um probably
not as sophist... .J

Don asks the following question [well what does H.T.K. do for
features ?]

then he, overlapped by Jane, continues [or does it even have a
concept of features ?]

Jane provides the following answer [they h... it has its own ...
N

then she , overlapped by Morgan, continues [I mean Entropic
has their own feature format that’s called like s... s.d. or some
s... 8.f- or something like that.]

Morgan accepts the previous explanation [yeah. ]

EPISODE ISSUE No. 3 In this episode we have the following
argumentative exchanges between Don, Jane and Morgan:
Don, overlapped by Morgan, provides the following explana-
tion [you know we’ll do something where we - some kind of
data reduction where the prosodic features are sort ... uh either
at the word level or at the segment level . ]

Morgan agrees [right, .]

then he continues [or - or something like that .] [they’re not
going to be at the phone level and they’re n- ... not going to be
at the frame level when we get done with sort of giving them
simpler shapes and things .] [and so; the main thing is just
being able ... .] [well I guess the two goals .]

Don disagrees with the previous explanation [um one that
Chuck mentioned is starting out with something that we don’t
have to start over that we don’t have to throw away if other
people want to extend it for other kinds of questions .]

Morgan agreees [right, .|

It’s important to notice the use of pronouns in the paraphrase and
the insertion of discourse markers to indicate the continuation by the
same speaker. Formulating adequate paraphrases may sound awk-
ward sometimes and this is due to the inherent difficulty of the task.

4 Experimental Results

We started using the system to parse ICSI corpus of meetings [11]
and we realized that the semantic representation and the output of
the parser were both inadequate. By looking at errors, we became
aware of the peculiarities of spoken dialog texts such as the ones
made available in ICSI corpus, and to the way to implement solutions
in such a complex system. These dialogs are characterized by the
need to argument in an exhaustive manner the topics to be debated
which are the theme of each multiparty dialog. The following are
some statistics that characterize the corpus:

percent of turns made of one single word: 30%

percent of turns made of up to three words: 40%

average number of words x turn overall: 7

average number of words x turn minus short utterances: 11
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These values correspond to those found for PennTreebank corpus
where we can count up to 94K sentences for IM words — again
11 words per sentence. In analyzing ICSI, we found turns with as
much as 54 words depending on the topic under discussion and on
the people on the floor. The system has been used to parse the first
10 dialogs of the ICSI corpus for a total number of 98523 words and
13803 turns. We had to tune all the modules and procedures carefully.
In particular, the module for argumentative automatic classification
was incrementally improved in order to cover all conventional ways
to express agreement.

We had one skilled linguist to provide a turn level annotation for
argumentative labels: we don’t have any agreement measure in this
case, even though we expect the annotation to be in line with cur-
rent experiments on the same subject [16]. In Table 1 we report data
related to the experiment of automatic annotation of argumentative
categories.

[ | Correct | Incorrect [ Total Found |

Accept 662 16 678
Reject 64 18 82
Propose 321 74 395
Request 180 1 181
Explain 580 312 892
Disfluency 19 19
Total 1826 421 2247

Table 1. Accuracy of automatic argumentative annotation

On a total of 2304 turns, 2247 have received an argumentative
automatic classification, with a Recall of 97.53%. We computed Pre-
cision as the ratio between Correct Argumentative Labels/Found Ar-
gumentative Labels, which corresponds to 81.26%. The F-score is
88.65%.

5 Conclusions

We have presented work carried out to extend and adapt a lan-
guage analysis system designed for text understanding in order to
make it fit for argumentative analysis as the core technology for
abstractive summarization of conversations. Summaries are gener-
ated by aggregating the statistics of the analysis, by highlighting
the topic discussed and by segmentating the content of conversation
into argumentative episodes. The turns of the episodes are then para-
phrased according to their argumenative functions highlighting their
discourse relationship (e.g. replies and elaborations).

For this purpose, we implemented a module that computes Argu-
mentative automatic classification labels out of a small set, on top
of discourse relations and other semantic markers determined by the
semantic component of the system. The system has been evaluated
for the argumentative classification module and results are very en-
couraging.

5.1 Future work

Of course we intend to complete the analysis of all dialogues con-
tained in the ICSI corpus and refine our algorithms. In particular we
still need to work at the level of DECISION labelling, and to im-
prove the discrimination of really argumentative from pragmatically
irrelevant utterance, a choice that in some cases is hard to make on
an automatic basis. We would like to formally assess the robustness
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of the system by applying the algorithm to the output of automatic
transcription systems and evaluate its degree of degradation.
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Handling explanation in operational contexts

Patrick Saint-Dizier !

Abstract. In this document, we present some preliminary facets ofemphasis, dramatisation, etc.) for example in political discourse. In
a model for explanations and their realizations in language. We ineach case, explanation has a goal-oriented structure [9], [30].
troduce the notion of explanation function realized by means of ex- Explanation analysis and production is essential in opinion analy-
planation schemes. We show how these schemes are realized, wisét to make more explicit how a certain opinion is supported [17], itis
purpose they serve and on what linguistic basis they can be recoglso essential in question answering when the response which is pro-
nized. duced is not the direct response: the user must then understand why

the response provided is appropriate. Finally, it is central in a number

of types of dialogues, clarification situations, persuation strategies,
1 Introduction and Context etc.

) ) . ) . Our main goal is to identify a number of prototypical explanation
Explanation and its refations to Language is a vast area @8RV gchemes (See [32] for argumentation forms), their linguistic basis
gation. Explanation analysis is quite well developed via writing rec-(e_g_ prototypical language marks or constructs), and to categorize
ommendations in didactics [3]. In artificial intelligence, it is often hair communicative goals. We aim at identifying the language and
centered around the notion of argumentation [4], [26], [32], but ar--agmatic means which are used to support, motivate and convice
gumentation is just one (major) facet related to explanation. Let Ughe reader. We will basically concentrate here on explanations asso-
also note studies on causality, and an emerging field around negofijateq with procedures. We consider a large variety of procedures,
ation [4] _and explanation in multi-agent systems. Two decades agq,qm, large public ones (cooking, DIY), to profesional ones (mainte-
explanations were used to produce natural language outputs for ex,nce health), with a large diversity of target readers and application
pe_rts_systems, often from predefl_ned templates [29]. Quite '”tereSt'”_Somains. Our aim is to have a closer analysis of the forms and orga-
principles have emerged from this research. In ergonomy and cognkjizations explanations may take in operational contexts (installation,

tive scienc_e, thg ability_ for humans to integrate explanations about _ﬁroduction, maintenance procedures) compared to general studies on
task (possibly via a guidance system) when they perform that task iiscourse. Besides the theoretical dimension, the main aim is to have

measured as such and in relation with the document properties (ty petter and concrete analysis of the difficulties, the gaps, the risks

pogra_phy,_ pi_ctures) (18], [20], [7]. ... that one may encounter while realizing a procedure. This is a major
In linguistics, a lot of efforts have been devoted to the deflnltloniSsue in e.g. maintenance or production to prevent risks.

and the recognition of discourse frames [34], [23] [28] and rhetorical |, this short paper, we first introduce the notionesflanation

relations [21], [19], which are, for some of them, central to expla-f,qtion that specifies communicative goal of explanations. Expla-
nation. However, we now observe a proliferation of rhetorical rela-nation functions are abstract constructs which are realized in lan-
tions, which, in general, turn out to be quite difficult to recognize guage viexplanation schemesAn important feature of explanation

from language marks since they involve some pragmatic interpretag that jt is transcategorial: it includes syntactic and lexical semantics

tion. Finally, explanation is a field which is investigated in pragmaticsfactors, as well as typographic and pragmatic factors. The bound-

(e.g. cooperative principles, dialogue principles) [25] and in philoso-yjeg of explanations are fuzzy: e.g. a whole procedure can indeed

phy (e.g. rationality and explanation, phenomenology of explanationye yjiewed as an explanation, or just e.g. its illustrations, advice and
causality, etc.) [16],[36] and [10]. warnings.

Explanations are in general structured with the aim of reaching a
goal [1], [6]. Explanations are often associated with a kind of instruc-
tional style, which ranges from injunctive to advice-like forms. Pro-2  Corpus analysis and annotation
cedures of various kinds (social recommendations, as well as DIY,
maintenance procedures, health, didactic texts) form an excelle@ur initial corpus is composed of 2000 procedural texts in éfngn
source of corpus to observe how explanations are constructed, liirom 24 very diverse domains. The backbone of procedures is based
guistically realized and what goals they target. Indeed, in proceduregn the 'goal (titles) - instructions’ structure. However, this structure
style is often quite straightforward [12], procedures being essentiallys associated with a large diversity of explanations meant to guide,
oriented towards action: there must be little space for inferences thamotivate, evaluate, warn users. The explanation structure is therefore
may lead to misinterpretations, hence the need of explanations. Exrucial for the understanding of a procedure and its correct execution.
planation occurs also in goal-driven but non procedural contexts, for In order to identify explanation functions and general explana-
example, as a means to justify a decision as in legal reasoning, or adian principles and goals, we have first carried out an ’informal’
way to explain the reasons of an accident in accident reports. Explaannotation of the corpus. This was realized by 3 Master students
nation may also be associated with various pragmatic effects (ironyn linguistics on 62 different texts (about 85 pages), with the same
training and annotation instructions. This is a difficult task: identi-
L IRIT-CNRS Toulouse France, email: sstdizier@irit.fr fying and categorizing rhetorical relation is almost never straightfor-
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ward. To help annotators, the task was realized on the outputs of oyaper,|.onsequence Which puts you at a disadvantagé}}.

<TextCoop> system (see demo paper in this volume), that tags in- While the Internet should never be your only source of informa-

structions, goals, various discourse markers, arguments, and withiion, [.o.+-.s¢ it would be ridiculous not to utilize its vast sources of

an instruction: some manners, instruments, conditional expressionaformation.|,4.:c. You should use the Internet to acquaint yourself

and simple causal forms. The kappa test indicates an agreement leweith the topic more before you dig into more academic tes.

of 80types of elements (rhetorical is more difficult than arguments Besides its illustrative purpose, this example shows the difficulty

for example). We then had a discussion and constructed an annef the task and its subjectivity. Nevertheless, by going through a rea-

tated corpus which is the result of thsi discussion, where disagreesonable amount of pages of annotated texts, we can discover regular-

ment have been partly or totally resolved. This helped us refine ouities related to (1) the communicative goals and (2) the ways these

definitions for the different objects to tag. goals are realized. The analysis is here entirely manual. Annotated
The tags to use were first given a priori, from our experience ofcorpus is also used to test the implementation.

the domain &TextCoop> started 5 years ago) and then gradually

enriched when tagging the corpus. After an adaptation period, anng- . .

tators could do ar?%or%]ogeneous task. The principles are to tag firgi Explanation Functions

the most crucial and less ambiguous structures (e.g. reformulatio),om our corpus investigations, we can propose a first, gidhssi-
which are most of the time indicated via clear linguistic marks. ONnCeication of the functions realized by explanations. Our view on expla-
these settled, we moved on to more subtle ones, proceeding by CORation is quite broad, with the introduction of quite a large number of
trast with the previously defined ones. functions that play a central role in explanation, even if their associ-
We basically have the following preliminary set of tags corre- 5164 Janguage realization may play several roles, besides explanation
sponding to freque_ntly encountered structures (called hereafter Eke.g. guidance or expected result below). To carry out this task, our
ementary Explanation Structures: EES): strategy was to identify the underlying communicative aims and to
o rhetorical: elaboration, illustration, reformulation, result, contrast,c2tegorize them. Again, this is somewhat intuitive, butit was realized
analogy, evidence, encouragement, hint, evaluation. with the contrlbl_Jtlt_)n of annotgtor_s, identifying, _for_ each annot_ated
e arguments: warning, advice (very few threats or rewards, wherdragment, what is its communicative goal(s). Within an operational
the author is involved), these often have the form of a causal excontext, explanation functions can schematically be subdivided into

pression, formally: do X "because/otherwise’ Z, with quite a large WO fields: "'Why do action A?" and "How-to do A?". To avoid any
variety of causal marks (Fontan et al. 2008) confusion with existing terms, our explanation functions are prefixed

e conditions: involve at least 2 structures: condition and then - else‘fVith E-.

and the assumption structure, which is an hypothetical statement, 1h€ first subsetwhy do A?’ functions, is composed of |r’1forma-
e cause: which involve a statement and a structure: cause or cofion ProvidersE-structure andE-information . The function struc-

sequence. We limit annotations to trans-sentential causal expregﬁ're’ enhances the structure and the coherence of the text. It is in

sions, i.e. those operating over instructions a large part composed of low-level goal and function expressions
e concession: statement followed by a concession statement, ~ (Push to open the box), indicating motivations and expected results.
e goal expression: purpose The aim of 'information’, which operates at the ideational level, is to
e frame: circumstance, and some propositional attitudes such a§nhance or contradict the beliefs of the reader by providing precise
commitment, authority information on some aspects of the action at stake. This very gen-

eral function may be subdivided into more precise functions such as

Annotations can be embedded, leading to complex structures. le.g. E-clarification or E-precision, still to be investigated. The sec-
our corpus, annotations are realized in XML with some attributespnd subset of this group operates at the inter-personal level, and
such as e.g. the force (weight) of arguments, and meta-annotatiossms at motivating the user to realize the action, via some precau-
such as the certainty of the annotator. A given structure may receivéons or recommendations. This subset is formed of the various types
several annotations in case of ambiguity, overlap or multiple func-of arguments, as usually found in argumentation classificatiens:
tions. The/ below is an 'or’. warnings andE-advicewhen there is no implication on the author’s

An example, in readable form, from didactics, is the following part, ancE-threats andE-rewards otherwise. These are designed to
(most marks produced by ourTextCoop> system are omitted, only justify the importance of an action and the necessity of doing it as

EES are given, instructions appear on new lines): required (warnings) or to indicate the optional character of an action

[procedure [purpose Writing @ papericiasoration R€ad light sources, (advice) and the benefits of doing it. Besides the recognition of argu-

then thorougH] ments, evaluating their illocutionary or persuasion force is of much
lassumption/circumstance ASSUMING you've been given a togic, interest. This is realized in general via a series of marks, essentially

[circumstance When you conduct researchmove from light to  adverbial.
thorough resourcels ., pose 10 make sure you're moving in the right The second subsetiow-to-do A?’ functions, contains several

directior]. families. The first one deals with functions related to controls on the
Begin by doing searches on the Internet about your thpiG.os. user related to his actions and interpretations. In the first set, control
to familiarize yourself with the basic issugs; on user actions, a first group of functions is associated with the no-
[temporal—sequence then] move to more thorough research on the tion of E-guidance This function has quite fuzzy boundaries, it can
Academic Databases; just include temporal marks (Muller et al, 2004), but also possibly
[temporal—sequence finally ], probe the depths of the issue by bury- manners and instruments which offer a number of details and ways
ing yourself in the library. to realize and coordinate actions, up to instructions themselves. It is
[warning Make sure that despite beginning on the Internet, youdeeply related to the argument structure of the action verb of the in-
don’t simply end there. struction (mainly adjuncts and temporal marks). The next function is

[etaboration A research paper using only Internet sources is a wealE-framing, which indicates via a statement the range of application
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of an instruction or of a group of instructiorfei X25-01 pumps.....); following results:
it often has the form of a low level title or a conditioB-Expected

result describes the target result, it is a means for the user to evalu-

ate his performance and to make sure he is on the right way. Finally,

E-elaboration explains in more depth how to realize an action. | 79% | 91% |

The second family is related to the control of the interpretations

made by the user. The goal is to make sure he correctly undefiowever, these results are really good considering information re-
stands the instructions. In this class fall relatively well know func- Fiéval systems for exemple. Elaboration is a complex relation, where

tions directly associated with rhetorical relatiofsdefinition, E-  there may be alarge gap between the kernel and its satellite, amking
reformulation, E-illustration, E-elaboration . Their goal is to en-  (h€ recognition by means of patterns quite challenging. _
sure that the user correctly understands the terms of the procedure. S°Me EES, such as wamings and advice are composite structures:

The third family is composed of two functions which provide basic they include a conclusion and a support for that conclusion. Warnings
help to the userE-encouragements, E-evaluation are basically organized around a unique structure composed of an

"avoid expression’ combined with a proposition. The variations in the
'avoid expressions’ capture the illocutionary force of the argument
4 Explanation schemes via several devices, ordered here by increasing force:

. . . (1) 'prevention verbs like avoid’ NP / to VP (avoid hot water)
Explanation schemes allow us to introduce a grammar thae qU|t(2) do not / never /... VP(infinitive) ..néver put thiscloth in the sun)
globally describes the semantic and pragmatic structure of explana(g) it is essential, vital, ... to never VP(infinitive).

tions. This grammar is based on EES and constrained statements,supports are identified from various marks:

which form its terminal elements, explanation functions being the(l) via connectors such astherwise. under the risk of. or via verbs
non-terminal symbols. We can associate with every explanation f“ncéxpressing consequence ' ’

tion a set of explanation schemes. There is no unique assignment: ) via negative expressions of the form:order not to, in order to
explanation scheme may be shared by several explanation functiong .y etc.
(Walton et ali. 2008). ) _ _ (3) via specific verbs such as risk verbs introducing an ewmt (

As an illustration, we give below a few schemes associated Withg 1o preak). In general the embedded verb has a negative polarity.
explanation functions (the * indicates multiple occurences): (4) via the presence of very negative terms, such as: naleath
E-waming:[warning | , disease, etc., adjectives, and some verbs and adverbs. We defined a

| recall | precision |

[lwarning | littustration J [etaboration 4], €tc. lexicon of about 200 negative terms found in our corpora.
E-Definition: [[ae finition | [itustration |*] Some supports may be empty, because they can easily be inferred
E'EXpeCted'ReSUIt [[circumstance ] [statement

- by the reader. In that case, the argument is said to be truncated.
expr(+modal, +probability)] _ _ Warning patterns are implemented on thdextCoop> platform

this latter example requires a staterr_u_snt with a modal EXpressiofsee demo paper in this volume). We carried out an indicative
such as 'should" introducting a probability. evaluation (e.g. to get improvement directions) on a corpus of
E-illustration: [[circumstance | [itustration ]#] 36 procedural texts from professional domains, containing 262

Explanation functions can t_ae complex compounds and may includg,, nings. We get the following recognition rates, compared to our
other explanation functions; e.g.: manually annotated reference corpus:

E-warning:
[[warning ] E-illustratiorx E-elaboratior.
The identification of each EES is based on patterns. These pat- conclusion | support | (3) | (4)
terns are mainly based on marks and lexical constraints. The marks recognition | recognition
identified are basically relational: they bind two statements (basi- | 88% | 91% | 95% | 95% ]
cally, kernel and satellite). We developed subcategorization frames
for these marks [28], [23]. The simplest example is probablys- (3) conclusions well delimited (4) supports well delimited, w.r.t.
tration which as the following patterns in English: warnings correctly identified.

S for example S/NP (NP can be plural) ; (this means any S followed
by the string 'for example’ followed either by another S or an NP) :
S for instance S/NP ; > Ongomg work

Ssuchas NP, Se.g. NP; This work remains preliminary and exploratory. So far, we Hallg

S like NP implemented on the: TextCoop> platform (version V2, in Java) the
Elaboration includes marks such astually, that is (to say), namely, recognition forms within procedures for advice, warnings, purpose,
as a matter of fact, more precisely, with similar subcats. concession, condition, result, elaboration and illustration. Cause is

For the tag ’lllustration’, tested over a set of 32 procedures ha®ngoing. EES such as circumstance, analogy and contrast are more
the following recognition rate, we get the following results where difficult to characterize. The result is an enriched semi-structured

precision has been favored over recall: document with explicit explanation marks, together with procedural
marks. This allows us to have a more accurate analysis of explana-

| recall | sprecision| tion, yet to be improved. In particular itis of much interest to consider
| 85% | 98% | speech act verbs as a ’support’ for explanation, considering e.g. the

very detailed descriptions given in [35].

The recall rate is now so high because in a number of contexts, Out <TextCoop> platform is designed for text semantics. It of-
the notion of illustration (not counting pictures) is not so clear, infers a formalism to describe text semantics structures (discourse
particular it may overlap with elaboration, for which we have therelations or simply semantic patterns) based on recognition rules.
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_close to UIMA recommendations to allow for a certain mteroperabd guistic analyses of a fund raising text, John Benjamins, 1992.

ity. _ o [23] Miltasaki, E., Prasad, R., Joshi, A., Webber, B., Annotating Discourse
Explanation schemes need further work to characterize in more de- Connectives and Their Arguments, new frontiers in NLP, 2004.

tail their structure, and functions. We will also investigate structurd?4] Muller,P., Tannier, X.Annotating and Measuring Temporal Relations
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Obligationes as Formal Dialogue Systems'

Sara L. Uckelman?

Abstract. Formal Dialogue Systems (FDSs) model rule-based in-
teraction between agents and as such have multiple applications in
multi-agent systems and AI more generally. Their conceptual roots
are in formal theories of natural argumentation, of which Hamblin’s
formal systems of argumentation in [15, 16] are some of the ear-
liest examples. Hamblin cites the medieval theory of obligationes
as inspiration for his development of formal argumentation. In an
obligatio, two agents, the Opponent and the Respondent, engage in
an alternating-move dialogue, where the Respondent’s actions are
governed by certain rules, and the goal of the dialogue is establish-
ing the consistency of a proposition. We implement obligationes in
the formal dialogue system framework of [31] using Dynamic Epis-
temic Logic [38]. The result is a new type of inter-agent dialogue,
for consistency-checking, and analyzing obligationes in this way also
sheds light on interpretational and historical questions concerning
their use and purpose in medieval academia.

1 Introduction

Rule-based interactions such as dialogues or arguments are ubiqui-
tous and diverse; they are the basic method of communication be-
tween agents. Such interactions are modeled in artificial intelligence
and computer science by formal dialogue systems (FDSs) and dia-
logue games [18, 22, 23, 24, 31]. These systems give formal, and
hence potentially implementable, methods for modeling real-life di-
alogue situations, such as complex reasoning in legal domains. More
generally, dialogue systems and games are used in multi-agent sys-
tems to model distributed cognition and interaction between intelli-
gent agents, and they can also be used in the specification of complex
software systems and programs [24].

The conceptual roots of formal dialogues, however, come not from
within Al but from without. They are located in the sphere of natu-
ral argumentation, that is, philosophical logic, argumentation theory,
and rhetoric. One of the earliest attempts to provide a theory of for-
mal dialogues is Hamblin’s [16, 15]. In [16], Hamblin locates part of
the motivation for his development of formal argumentation in his-
torical formal dialogue systems, that is, dialogical or disputational
settings where explicit rules are given governing the actions of the
participants. One such system of natural argumentation that he con-
siders in particular is the medieval theory of obligationes, developed
in the 13th and 14th centuries. In an obligatio, two agents, the Op-
ponent and the Respondent, engage in an alternate-move dialogue,
where the Respondent’s actions are governed by certain rules, and the
goal of the dialogue is, in the most basic case, to establish the consis-
tency of a proposition. We argue that obligationes are best modeled
by FDSs because of their intrinsic dialogical nature. Furthermore,

1 A short version of this paper will appear in the proceedings of STAIRS’10.
2 Institute for Logic, Language, and Computation, University of Amsterdam,
The Netherlands, email: S.L.Uckelman@uva.nl
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taking obligationes from the realm of natural argumentation to the
realm of formal dialogue systems results in the determination of a
new type of dialogue system different from those generally discussed
in the Al literature, and thus they make a novel contribution to formal
modeling of dialogue and interaction in multi-agent systems.

The plan of the paper is as follows. In §2 we present the medieval
theory of obligationes, focusing specifically on the works of one au-
thor, Walter Burley, and give examples. In §3 we briefly survey pre-
vious work on obligationes, both formal and philosophical, and mo-
tivate modeling obligationes as FDSs by showing how they can make
sense of King’s interpretation of obligationes as a meta-disputational
framework. In §4 we introduce formal dialogue systems, following
the presentation in [31], and show generically how obligationes can
be viewed as a formal dialogue system. Before we give a precise
specification of obligationes as FDSs in §6, we first outline the logic
used in the argumentation, a type of Dynamic Epistemic Logic, in
85. We discuss the properties of the protocol we introduce, compare
our results with standard types of FDSs, and define a new type of
inter-agent dialogue, for consistency- or feasibility-checking, in §7.
In §8 we conclude and point towards future work.

2 Medieval theories of obligationes

An obligatio is a dialogue between two agents, the Opponent and the
Respondent, where the Opponent puts forward a sequence of propo-
sitions, and the Respondent is obligated (hence the name) to follow
certain rules in his responses to the Opponent’s propositions. More
precisely, the Opponent puts forward an initial statement, called the
positum, which the Respondent can either accept or refuse to accept.
If he accepts, the obligatio begins. If he does not, no obligatio be-
gins. If the obligatio begins, the Opponent puts forward propositions
and the Respondent has three ways that he can respond: He can grant
or concede the proposition, he can deny the proposition, or he can
doubt it, where ‘doubt’ should be understood as ‘remain agnostic
about’; doubting ¢ does not entail any commitment to —¢. (Some
authors, such as William of Ockham [26] and the anonymous author
of the Obligationes Parisienses [11], mention a fourth option, which
is to ‘draw distinctions’, that is, to clarify an ambiguity on the part
of the Opponent.) The obligatio continues until the Opponent calls
“Cedat tempus” (“Time’s up”), whereupon the responses of the Re-
spondent are analysed with respect to the Respondent’s obligations,
to determine whether he has responded well or badly.

The earliest texts on obligationes date from the beginning of the
13th century [10, 11, 12], and many of the leading logicians from that
century and the next wrote treatises on the subject. While the roots of
obligational disputations are clearly grounded in Aristotle’s discus-
sion of dialectical exchanges in the Topics VIIL, 4 (159a15-24) and in
the Prior Analytics 1, 13 (32a18-20) (cf. [41, §II.A]), the systematic
development of the theory of obligationes over the course of the 13th
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and 14th centuries tends to show little adherence to the Aristotelian
definitions. While the specific details vary from author to author, a
number of distinct types of obligationes discussed by multiple au-
thors can be identified. The six most common are positio, depositio,
dubitatio, sit verum or rei veritatis, institutio, and petitio. Of these
six, positio is universally the most widely studied, both by medieval
and modern authors; as a result, it is the focus of the current paper.
For further information on obligationes, including a discussion of
their purpose and their role in medieval philosophy, see [41].

To make the above more precise, we look at the theory of obliga-
tiones of a specific writer, Walter Burley. Burley’s treatise De obliga-
tionibus, written around 1302, gives a standard treatment of positio.
The text of this treatise is edited in [7] and a partial translation of the
text, including the section on positio in its entirety, is found in [6].
(In the interests of conserving space, we quote all medieval texts in
translation only, rather than in the original Latin.) Burley defines the
general goal of an obligatio as follows:

The opponent’s job is to use language in a way that makes the
respondent grant impossible things that he need not grant be-
cause of the positum. The respondent’s job, on the other hand,
is to maintain the positum in such a way that any impossibility
seems to follow not because of him but rather because of the
positum [6, p. 370].

Thus, it is clear that in an obligatio, the goal is consistency, not logi-
cal truth or validity. In positio, the primary obligation of the Respon-
dent is to grant, that is, to hold as true, the positum. If the Respondent
accepts the positum and the obligatio begins, he is obliged to follow
the following rules:

Rule 1 Everything that is posited and put forward in the form of the
positum during the time of the positio must be granted [6, p. 379].

Rule 2 Everything that follows from the positum must be granted.
Everything that follows from the positum either together with an
already granted proposition (or propositions), or together with the
opposite of a proposition (or the opposites of propositions) al-
ready correctly denied and known to be such, must be granted
[6, p. 381].

Rule 3 Everything incompatible with the positum must be denied.
Likewise, everything incompatible with the positum together with
an already granted proposition (or propositions), or together with
the opposite of a proposition (or the opposites of propositions)
already correctly denied and known to be such, must be denied [6,
p. 381].

In Rule 1, ‘in the same form as’ should be understood syntactically; if
the positum is ‘Marcus is Roman’, then the Respondent doesn’t have
an obligation to accept ‘Tullius is Roman’ unless it is explicit (either
through common knowledge or through previous concessions) that
Marcus is Tullius.

Burley also defines a notion of relevance of propositions which
applies to all types of obligatio. A proposition is irrelevant or imper-
tinent if neither it nor its negation follows from the set of propositions
which have already been conceded (which includes the negations of
propositions which have been denied).

Rule for Irrelevant Propositions One must reply to what is irrele-
vant in accordance with its own quality [6, p. 375].

Le., the Respondent should reply by conceding the proposition if it
is true, by denying if it is false, and by doubting if he does not know
which is the case. The notion of ‘relevance’ in obligationes parallels
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Opponent  Respondent
1 o I admit it. Do = {¢}.

—p V. I grant it. Dy = {p, VYl
3 % I grant it.

Figure 1. An example obligatio.

Opponent Respondent
1 ¢ or ¢ must be granted. I admit it.

(o must be granted. I deny it.
3 follows from the positum and the I grant it.

opposite of something correctly de-

nied
4 must be granted. 7

Figure 2. A more interesting example.

the concept of ‘support’ in formal argumentation theory where an
argument is defined as a pair A = (S,p) where S is a consistent
subset of the knowledge base such that S F p (cf., e.g., [9, p. 155]).

A simple example illustrating Burley’s rules for positio is given in
Figure 1. Suppose ¢ does not imply —1) and ¢ is known to be contin-
gently false. In the first round, the Opponent puts forward a contin-
gent (but false) proposition; the Respondent grants it in accord with
Rule 1. In the second round, either ¢ implies v, then the sentence
is relevant and follows from ®q (the set of propositions conceded so
far along with the negations of propositions denied to this point); or
it doesn’t, in which case it is irrelevant and true (since ¢ is false). In
both cases, the Respondent is required to concede; the first case falls
under Rule 2, and the second under the Rule for Irrelevant Proposi-
tions. In the third round, the Respondent likewise must concede be-
cause 1 follows from @, . This example obligatio shows how, given a
positum which is false but not contradictory, the Opponent can force
the Respondent to concede any other consistent proposition.

More interesting examples, such as the example in Figure 2, in-
volve statements about the obligational rules themselves. Let ¢ be
the proposition ‘you are in Rome’ (spoken by the Opponent to the
Respondent). The positum is a disjunction between a simple proposi-
tion and the assertion that that proposition must be granted. Because
the disjunction is not a logical contradiction (in particular the first
disjunct is possible, though it is in fact false), the Respondent is cor-
rect in accepting the positum. The second disjunct is irrelevant, as it is
not a logical consequence of the positum, and furthermore it is false:
Since ¢ is false, and ¢ is also irrelevant, the Respondent is not under
any obligation to accept . Thus it is false that ¢ must be granted,
so he correctly denied the second proposition. The third proposition
expresses a logical necessity, about the validity of disjunctive syllo-
gism, and so is accepted. But now it is unclear how the Respondent
should respond to the re-assertion that ¢ must be granted. On the one
hand, this proposition has been put forward before, and was denied,
and so it should continue to be denied. On the other hand, once the
third proposition has been granted, by Rule 2, ¢ must be granted. So
superficially it appears that the Respondent is obliged to both accept
and deny this final statement. Burley’s resolution to the problem is to
argue that (3) is not only not necessary, but it is repugnant, since it
is inconsistent with the opposite of (2). Since it is repugnant, the Re-
spondent should have in fact denied, and thus (4) can also be denied
without contradiction [41, pp. 152-155].
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3 Previous work on obligationes

Green’s Ph.D. dissertation [7], containing an edition of and com-
mentary on two treatises on obligationes, now generally ascribed
to William of Sherwood and Walter Burley, marks the beginning
of modern research on obligationes. Since then, many philosophers
and historians have devoted themselves to the question of the goal
or purpose of obligational disputations and the role they played in
medieval academic life, while somewhat fewer have focused on the
logical properties of obligationes. Despite this, the purpose of obli-
gationes and their role in medieval academic life remains stubbornly
unclear [34]. Two recent sources which discuss the various views,
which range from the view that obligationes were mere academic ex-
ercises, that they were used for counter-factual reasoning, that they
were a tool for evaluating sophismata and insolubilia (paradoxical
and problematic sentences), that they are thought experiments, and
that they provide a theory of belief revision, are [41] and [42].

Hamblin is the first modern author to attempt to formalize obli-
gationes [16, pp. 260-263]. Given his interest in formalizing argu-
mentation generally, he focuses on the dialogical aspects of obliga-
tiones. His formalization is rudimentary and models only one vari-
ant, that given by William of Sherwood?, but it marks the beginning
of modern scholarship on the formal properties of obligationes. Re-
cent scholarship has focused on the game-like nature of obligationes,
e.g., [11, 13, 41]. In particular, there is an immediate apparent sim-
ilarity between obligationes and Lorenzen’s dialogical logic [20]. It
may therefore seem natural to look to game-based structures in logic
to provide a general framework for modeling different types of obli-
gationes. However, there are a number of aspects which do not im-
mediately lend themselves nicely to a game-like interpretation (e.g.,
the notion of a winning strategy for an obligatio, for example, is dif-
ficult to define*), and despite the strongly logical component of obli-
gationes, to date relatively little work has been done on the formal
properties of the logic involved and few attempts have been made to
provide an explicit specification of the game(s) involved.

The most extensive attempt is in [13]. In this book, Dutilh Novaes
analyses the obligational theories of three authors, Walter Burley,
Richard Swyneshed (c.1330), and Ralph Strode (second half of the
14th C), giving separate formalizations for each one. Her formaliza-
tions are based on models 9 = (K., ®,T", R(p)) where K. is the
set of common knowledge among the participants of the disputation
(expressed as a set of propositions); P is a sequence of propositions,
which keeps track of the assertions of the Opponent; I" is a sequence
of propositions, which keeps track of the responses of the Respon-
dent; and R(y) is a function from ¢ to 1 (standing for ‘concede’),
0 (‘deny’), and 7 (‘doubt’). These formalizations are not very satis-
fying for a number of reasons. Each obligational theory studied is
provided with a different framework, which means that it is difficult
to make cross-theory comparisons. Further, only positio is studied;
the other types of obligationes are not discussed. Additionally, the
frameworks all presuppose a significant amount of background in-
formation which is taken for granted and never specified: the seman-
tic model(s) in which truth of propositions (particularly the positum

3 Hamblin routinely questions the attribution to Sherwood of the text he is
considering; however, more recent scholarship is agreed that the text was
almost certainly written by Sherwood, sometime in the middle of the 13th
century [4].

4 Yrjonsuuri mentions the possibility of modeling obligationes as games, but
he says that “defining the results of the game in any manner appropriate to
modern game-theory seem utterly problematic” though despite this “[i]n the
following I will keep to the English word game, assuming that the problems
pointed out above can just be left unsolved” [41, pp. 9-10].
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and irrelevant propositions) and the Respondent’s knowledge of both
individual propositions as well as how the consequence relations are
to be evaluated, and the syntactic rules governing - (which is used to
generate I'). For example, the set of common knowledge K¢ is not
defined in any explicit fashion, and there is nothing which grounds
the knowledge of the participants. Finally, since the nature of the
proof system being used in the definition of R(¢) is never specified,
her frameworks are essentially incomplete; it is impossible to im-
plement the logical model without making the proof-system explicit
[13, p. 169].

When looking for an alternative to a game-theoretic approach to
modeling obligationes, one fruitful suggestion that presents itself can
be rooted in a particularly interesting interpretation of obligationes
given by King [19]. King takes his starting point from Spade, who,
in [35], looked to the textual evidence for actual uses of obligationes
to understand how they were used by the medievals. While to date
there is no historical record for actual obligational disputations, we
have many examples of philosophers using obligational techniques
as part of their argumentation [19, p. 1]. King explains the apparent
“content-freeness” of obligational disputations by pointing out that
“they operate at a higher level of logical generality than that at which
substantive debate occurs. If this is correct, then actual obligational
moves—perhaps even recognized as such—are the vehicle whereby
real argument takes place” [19, p. 6], and thus obligationes provide
a “meta-methodology” for reasoning [19, p. 7].

We use this suggestion as the motivation for our approach to
modeling obligationes. An obligatio is essentially a dialogue; and
any dialogue can be seen as a game played according to the rules
specified by an FDS [22]. We believe that viewing obligationes as
FDSs, which require that we explicitly specify the logic of argu-
mentation/inference and the models against which the dialogue is to
be evaluated, provide a more fruitful approach to modeling obliga-
tiones. On this view, Hamblin’s modeling approach has the advantage
over others proposed in recent literature because it takes the dialogi-
cal nature of the disputation seriously. By varying the rules governing
the disputation, radically different types of obligationes arise, which
result in radically different types of dialogues/disputations. Despite
the wide range of difference that can be found, the basic structure
of an obligatio remains the same, making the general framework of
FDSs an appropriate modeling choice. Specifying obligationes from
within the context of FDSs allows us to situate them formally in cur-
rent research on formal dialogues, which in turn can help to clar-
ify the interpretational question, by helping us understand the pos-
sible purposes to which obligationes could be disposed. In particu-
lar, we argue that the naturalness of modeling obligationes as dia-
logue systems supports King’s suggestion that obligationes provide
agents with a meta-methodology for argumentation. That is, obli-
gationes give frameworks within which dialectical argumentation—
dialogue—can take place.

4 Formal dialogue systems

The standard taxonomy of formal dialogue systems is based on the
argumentation-based typology given by Walton and Krabbe [39],
who identify six different basic types of dialogues: information seek-
ing, inquiry, persuasion, negotiation, deliberation, and eristic. The di-
vision is made on the basis of the preconditions and postconditions
that must hold for successful dialogue to take place [9, 24]. Three of
these classes, information seeking, inquiry, and persuasion, deal with
beliefs and knowledge, and thus are of particular interest. Walton and
Krabbe make no claim as to the comprehensiveness of their classi-
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fication, and others [2, 8, 9, 14, 32, 33] have researched types not
covered in the Walton and Krabbe typology. In particular, Cogan et
al. argue that “there remain several situations in which it seems natu-
ral to engage in dialogues, but to which the basic Walton and Krabbe
dialogue types do not apply” [9, p. 161]. In [8, 9], they take a sys-
tematic approach to defining dialogue types on the basis of pre- and
post-conditions, and extend Walton and Krabbe’s list of belief-based
dialogues with four new types, verification and three types of queries.
In §7, we discuss how obligationes fit into these different types. First,
we make precise what we mean by a formal dialogue system.

In this section, we follow the presentation of formal dialogue
systems given in [31], an overview paper which discusses differ-
ent formal argumentation systems that have been proposed for the
analysis of persuasion dialogues and provides a unified approach
within which each of these different systems can be modeled. While
Prakken focuses on persuasion dialogues, his framework is in fact
general enough to handle other types as well [31, pp. 170, 173]. Thus,
it is appropriate to use it to consider obligationes.

The specification of a formal dialogue system contains the follow-
ing elements [31, p. 166]:

o A topic language L, closed under classical negation.

e A communication language L.. We denote the set of dialogues,
that is, the set sequences of L., by M<°°, and the set of finite
sequences of L. by M <°°. For a dialogue d = mo, ..., mn, ...,
the subsequence my, . . ., m; is denoted d;.

e A dialogue purpose or goal.

o A set A of agents (participants) and a set R of roles that the par-
ticipants can occupy. Each participant a has a (possibly empty)
belief base ¥, C L. and a (possibly empty) commitment set
Cqa(dn) C L. The belief base may or may not change during
the dialogue; the commitment set usually does.

e A context K C L, representing the (shared, consistent, and un-
changing) knowledge of the agents specified at the outset.

e A logic L for L;.

o Aset F of effect rules Co(dy) : M <> — P(L;) for L., specify-
ing how utterances ¢ € L. in the dialogue affect the commitment
stores of the agents. The effect rules are such that if d = d’ then
Co(d,m) = Cq(d’,m), that is, the changes in commitments are
determined solely by the most recent move in the dialogue along
with the commitments at that step.

e A protocol P for L., specifying the legal moves of the dialogue,
which is a function from the context and a non-empty D C M <°°
to P(L.), satisfying the requirement that if d € D and m €
P(d), then d,m € D. The elements of D are called legal finite
dialogues, and P(d) is the set of moves allowed after move d.
At any stage, if P(d) = (), then the dialogue has ferminated. A
protocol will often be accompanied by a turn-taking function T :
D — P(A), which takes a finite dialogue d,, and specifies who
governs move mqn+1, and fermination conditions, which specify
when P(d) = 0.

o A set of outcome rules O.

Dialogue systems can be explicitly connected with the games they
specify by defining the agents’ strategies in the standard game-
theoretical way. Formally, a strategy s, for agent a is a function
D, — L., where D, C D is the set of all finite legal dialogues
dy, in which T'(d,) = a. A strategy s, is called winning if in every
dialogue where a follows this strategy, he realizes his dialogue goal.
We can identify a number of properties of protocols [31, p. 170]:

e A protocol has public semantics iff the set of legal moves is always
independent from the agents’ belief bases.
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e A protocol is context-independent iff the set of legal moves and the
outcome is always independent of the context, that is, P(K, d) =
P(0, d).

e A protocol is fully deterministic iff P always returns a singleton
or the empty set.

e A protocol is unique-move iff the turn shifts after each move; it is
multiple-move otherwise.

Protocols which are not fully deterministic are permissive, that is,
they specify what moves are legal or allowed for the agent, rather
than specify what moves are required. Thus, obligationes are a type
of DS where the protocol for the Respondent is fully deterministic;
for each proposition the Opponent puts forward, there will be exactly
one correct move that the Respondent can make.

‘We now show how generically obligationes can be viewed as DSs;
we give precise examples in §6. In obligationes, there are two des-
ignated roles Opp (Opponent) and Res (Respondent) that members
of A can have; those members of A which do not fill either role are
irrelevant for modeling the disputation. We explain below how X0pp,
3Res, Copp, Cres, and the context K are generated. In Burley-style
positio, the dialogue purpose is consistency: If we take Res’s com-
mitment set to be the set of formulas he has conceded along with the
negation of those that he’s denied over the course of a positio, then
the goal for Res is to maintain the consistency of his commitment
set, and the goal for Opp is to force Res into contradiction.

In general, the topic language £ and the communication language
L. are the same. This allows, among other things, the participants in
an obligatio to dispute about the allowed moves of the other play-
ers. (For example, Opp may ask Res to respond to the claim “You
deny ¢”.) The turn-taking protocol in an obligatio is unique-move:
T(0) = Opp, T(dn) = Opp if n is odd, and T'(d,,) = Res if n is
even. (Throughout we assume that we label the steps in the sequence
from 0, so in an obligatio it is always Opp that goes first.) The pro-
tocol P will be such that the moves of Opp are not constrained in
any way, but Res’s moves must be made in reaction to the move
of Opp at the previous stage. The same will be true for the effect
rules F; in a disputation, Opp makes a series of claims or assertions,
but these actions have no effect on his commitment store. On the
other hand, Res is constrained to be reactive only: He can only con-
cede statements claimed by Opp, concede their negations, or remain
ambivalent. Res never asserts any statement of his own devising, he
only ever responds to propositions put forward by Opp. Thus, obli-
gationes are essentially asymmetric, in that the rules governing the
behavior of the Opp and Res are disjoint’, and so are their actions.

The outcome rules for obligationes are simple: If Res realizes the
goal, then he wins. If Opp realizes the goal, then he wins. There is
nothing further that hinges upon winning or losing an obligational
disputation (except, of course, the individual prestige or embarrass-
ment of the participants!).

Above we noted that in an arbitrary DS, the commitment set of
an agent will generally change during the course of the dialogue.
It can either strictly grow, so that the agents are only adding new
propositions to their commitment-base at each turn, or they can also
revise their commitments by rejecting previous commitments in fa-
vor of new ones. This latter case arises in ordinary circumstances
when agents utilize a form of default reasoning, which is defeasible
and non-monotonic, in that an agent can be forced to accept infor-
mation which contradicts his previous commitments, requiring that

5 In fact, in most texts, no rules for Opp are given. One exception is the early
text Tractatus Emmeranus [10], which gives some rules (better thought of
as guidelines, or strategic advice) to the Opponent.
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his commitments be revised in order to maintain consistency (cf.
[3, 5]). In AI contexts, the ability to simulate non-monotonic reason-
ing is of great importance; monotonic dialogues and discussions are
more commonly found in philosophical contexts. One of the benefits
of Prakken’s approach to DS is that it can handle both approaches,
merely by the specification of the underlying logic [31, p. 173].

5 The underlying logic

By specifying the logic L and its underlying models, we are able
to explicitly generate 3opp, 2Res, Copp, CRres, and K satisfying de-
sired properties. In our approach to modeling obligationes as DSs,
the underlying logic is multi-agent Dynamic Epistemic Logic (DEL,
[38]). This logic is monotonic and not argument based. An epistemic
logic is an extension of propositional logic with a family of modal
operators K, for a € A. We are interested in a particular extension
of standard epistemic logic, namely, epistemic logic with common
knowledge, which has a further family of operators Cg, for G C A.
For a set ®q of propositional letters and set A of agents, the set ®gy,
of wiffs of EL is defined by:

w = pEDy|~p|pVe|Kip:a€e AlCop:GC A
Ko p is read ‘agent a knows that ¢’. Cgyp is read ‘it is common
knowledge amongst the group of agents G that ¢’. We will use C to
represent explicitly the knowledge of the two agents at the beginning
of the disputation.

Epistemic logic is interpreted on Kripke frames. A structure 9t =
(W, w*,{~a: a € A}, V) is an epistemic model if

e W is a set (of possible worlds), with w* € W a designated point
(representing the actual world).

e {~y:a € A} is a family of equivalence relations on W, one
for each member of A. The relation w~,w’ is interpreted as ‘w
and w’ are epistemically equivalent for agent a’. ~¢: G C Ais
defined as the reflexive and transitive closure of | J, .o {~a}.

e V :®y — 2" is a valuation function associating atomic proposi-
tions with subsets of W. For p € @, if w € V(p), we say that ‘p
is true at w’.

The semantics for the propositional connectives are as expected. We
give just the semantics for the epistemic operators.

M, wE Ko
m,w':CGga

iff V' (if (w, w') € ~q then M w' E )
iff V' (if (w,w’) € ~c then MZ w' E )

EL models cover the knowledge of the agents; to model their actions,
we add dynamics, via Propositional Dynamic Logic (PDL, [17]).
PDL is an extension of propositional logic by a family of modal op-
erators [a] for o € II, a set of programmes (or more generally, a
set of actions or events). The language of PDL is two-sorted, with
a set g of atoms and a set 11y of atomic actions. We do not need
the full expressivity of PDL to model obligationes, so we introduce
only the fragment we require. We let ITop = (), and the sets ®op, and
IIow of complex well-formed formulas and programmes are defined
by mutual induction:

o = pc@h|lale: acllop
a = @ pedf

The programme ¢? is to be interpreted as a test operator, which
tests for the truth of (. Note that the only programmes that we al-
low are testing of formulas which do not themselves contain any
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programmes. The semantics for the new [¢?] operator are given in
terms of model reduction. Let M | ¢ = (WP {79 g ¢
A}, VT#) where W% .= {w € W: M, w E ¢}, and the rela-
tions and valuation functions are just restrictions of the originals. For
a set of ordered propositions I'p, let M [Ty =M [ v [ -+ | Vns
that is, 91 | I',, is the result of the sequential restriction of 91 by the
elements of I',,. Then:

MwE [p?y iff Yoe M| p,vEY

One advantage of using an epistemic logic for our disputation logic
is that it allows us to model the epistemic bases of the agents, and
the context of the disputation, explicitly (for a fuller discussion of the
advantages, which includes the ability to use this framework to model
different types of obligationes beyond just the one considered here,
see [36]). While above we defined the concept of a “belief base” in
a dialogue, in the context of obligationes it is the agent’s knowledge,
not their beliefs that is important. Given an epistemic model 21, the
knowledge bases of Opp and Res are defined as follows:

S = {e: M, w* E Koppp}
SRes = {p: M w" F Kresp}

In an arbitrary model 901, the set of propositions which are common
knowledge amongst a group of agents is not explicitly specified. In
an obligatio, the set of common knowledge, against which the truth
of irrelevant propositions is evaluated, is likewise often left implicit.
In some cases, before the obligatio begins, a casus is introduced. A
casus is a hypothesis about how the world is, or extra information
about how the positum should be analyzed [40]. A common example
of a positum introduced with a casus (understood in the first sense)
is “In truth Socrates is black. It is posited that Socrates is white.”
The first sentence is the casus; it tells the participants not only that
Socrates is black, but also that he exists, and is colored, all of which
facts the Respondent must take into account when responding to the
Opponent’s posita. Thus, in the first sense, the casus can be under-
stood as a set of literals expressing the explicit common knowledge
at the start of the dialogue, so the casus can be implemented by a
restriction on V.

Definition 5.1. (Casus). Let Lits, be the set of literals formed from
®¢, and K C Litg, be the casus. Then 91 models the casus if there
isa P. C P of W with w* € P., such that if w~rgesw™, then w €
P., if v~oppw™, then v € P, and for all w,v € P., w~Resv and
w~oppv; and for every positive literal p € K and every w € P,
w € V(p), and for every negative literal =g € K and every w € P,
w ¢ V(g).

Unlike contexts in dialogue systems, it is not assumed that the
casus of an obligatio is consistent, but if it is not, then Res should not
accept the positum, since Opp could easily force him into conceding
a contradiction. However, if the casus is consistent, we can easily
show that if 99T models a casus K, then for every p € K, MM E

C1opp,Res} > and so K C Zgojf,p and K C EEF?ZS.

6 Protocols, effect rules, and outcomes

Different types of obligationes can be modeled by changing the pro-
tocols, effect rules, and outcome conditions. First, we specify the
general properties shared by all obligationes. We identify our set of
agents with their roles, i.e., our set of agents is A = {Opp, Res}, and
our topic language and commitment language is the language of dy-
namic epistemic logic Lpgr, introduced in the previous section. Let
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a be a designated formula representing “cedat tempus”. We can iden-
tify two types of protocols used in obligationes. The first type of pro-
tocol is uniform throughout all different systems; the second varies
from author to author and type to type. The uniform protocol P,, is
invariant over all contexts and is defined for a finite dialogue d:

ifm, =« Pu(dn) =0
otherwise, if n is odd, Py (dn) = Lc

and if n is even, Pu(dn) = {[ma?] T, [-m?]T,[T?] T}

That is, if it is Opp’s turn, he is allowed to assert any statement in the
communication language (we allow repetitions). If it is Res’s turn, he
must either concede, deny, or doubt Opp’s statement from the previ-
ous round. And if “cedat tempus” has been called, the dialogue ends
and there are no more legal moves available. Since m,,, the move
of Opp, will always be a statement in the communication language
L., and the communication language allows for the embeddings of
the test programme, this protocol is well-defined. This protocol has
public semantics and is context-independent, but it is not fully de-
terministic, since whenever it is Res’s turn, he has a choice of ac-
tions. For ease of future reference, we introduce meta-names for the
actions of Res: concede:p := [p,?]T, deny:¢ := [—,?]|T, and
doubt:p := [T?]T. The last clause is equivalent to saying “I don’t
know”; [T?]T will always be valid, in any model.

The rules governing the commitment sets Copp and Cres are de-
fined as follows:

for all n Copp(dn) =0
ifniseven Cres(dn) = Cres(dn—1)
ifnisodd  Cres(dn) = Cres(dn—1) U {mn}

That is, Opp has no commitments, Opp’s moves do not change Res’s
commitments, and Res’s commitment store strictly grows on the ba-
sis of his actions, and thus obligational dialogues are monotonic. As
above, since L. and L; coincide, the final clause of the definition
is well-defined. Note that in general, Cres and Xges Will be disjoint,
and similarly for Cres and K (contra, e.g., [27, §3], where “an agent’s
commitment store is just a subset of its knowledge base”).

The general protocol defined above specifies what the possible
moves of Res are. In an obligatio, however, we want to say more
than what moves are allowed, we also want to specify a set of pos-
sible moves which are in fact required, since in an obligational dis-
putation Res is under obligation to respond to Opp in certain ways.
This is done by specifying a more refined protocol. Such a proto-
col, because it makes reference to the agents’ knowledge bases, will
always be defined with respect to a particular DEL model 2t. We
give as an example Burley’s protocol P for positio, introduced in
82. Let I';, be the sequence of Res’s move in a dialogue d,,. For a
DEL model 9 and context K, PP (K, ) = P,(0) and if n is odd,
P®(K,d,) = P.(dy,). For n even,

e For dy = mo = the positum,

concede:mo iff Jw € W, M, w F mo

PBur(Kv dU) = .
iff Vw € W, M, w ¥ mo

deny:mo

e Ford,,n > 0:

EM [Ty E ma: PP(K,d,) = concede:m,,
IFOM [ Ty E —m: P® (K, d,) = deny:m,,
Otherwise:

If M, w* F Kreson: PP"(K,d,) = concede:m,,
If O, w* E KRes—Mn: PP"(K,d,) = deny:m,
If M, w* E —~(Kresmn V Kres—min): PP (K, d,,) = doubt:m,,
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Finally, we define two outcome rules for Burley-style positio, gov-
erning who wins. Generally speaking, Opp wins if he can force
Res into inconsistency, and Res wins otherwise. Since any individ-
val obligatio = d,, for some finite n, we can define a weak notion
of “local” winning: If m,, = «, then Opp wins it MM [ [, =
@, {~TTn: q € A}, V™) and Res wins otherwise. But even
though individual obligationes are finite, they are all potentially in-
finite. This view gives rise to a “global” winning condition: Opp
wins if there is some n such that M | T, = (0, {~TT:q €
A}, VPtI'n) Res wins otherwise. In both cases, the only time W
will be empty is when Cres F ¢ A —¢, that is, over the course of
the disputation Res has conceded an inconsistent set, and has thus
“responded badly”. Thus, protocol PB"" ensures the dialogical con-
sistency of Res (cf. [31, p. 171] and [13, ch. 3]).

There are also two ways that “responded badly” can be explicated,
a broad-grained way and a fine-grained way. On the broad-grained
view, we are only interested in whether Opp or Res has locally won,
that is, whether Opp has been able to force Res to concede a contra-
diction, or whether Res has remained consistent in his answers. This
is the view generally considered by medieval authors.

Before we discuss some interesting properties of protocols like
the ones introduced here, we close this section by formalizing the
example in Figure 1. Fix a model 9t such that 3w € W, M, w E
@A, and let K = {—p}. The first move is Opp’s, and he asserts the
positum ¢ := dy. According to P2 (dy), Res should concede:( :=
d1. The protocol now allows Opp to make any assertion he likes, so
he asserts ~¢ V 1 := da. Now, by the argument given above, either
M | di E da, or, if not, then 9, w* E KRgesdz. By the protocol,
in both cases, Res should concede and d3 = concede:dz. Then Opp
asserts d4 = 1), and since 9 | di,ds F 1, Res is again required
to respond with concede:ds := ds. Then, Opp calls “cedat tempus”,
and d¢ = «, and, by the general protocol P, there are no more legal
moves and the dialogue ends.

7 Discussion
7.1 The protocol

The protocol PE* defined above is semi-public, as it depends on
Res’s knowledge, but does not depend on Opp’s; context-dependent;
and fully deterministic. It also meets all but four of the 13 desider-
ata for agent argumentation protocols given in [25]. There McBurney
et al. consider dialogue protocols from the point of view of design,
and identify 13 desiderata that a designer might want to incorporate.
These are:

stated dialogue purpose A system should have one or more pub-
licly stated purpose, and its structure should facilitate its achieve-
ment.

diversity of individual purposes Participants should be allowed to
have their own (distinct) purposes, consistent with the stated dia-
logue purpose.

inclusiveness Any qualified participant who wants to participant
can.

transparency Participants should know the rules and structure of
the system prior to its commencement.

fairness Either all participants should be treated equally, or asym-
metries in treatment should be explicit.

clarity of argumentation theory The dialectical system should
conform to a stated theory of argumentation.

separation of syntax and semantics The syntax and the semantics
of the system should be defined separately.
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rule-consistency The rules and locutions should not lead to dead-
locks or to infinite cycles of repeated locutions.

encouragement of resolution Resolution should not be precluded
by the rules.

discouragement of disruption The rules should discourage disrup-
tive behavior, such as repeating the same locution repeatedly.

enablement of self-transformation Participants should be able to
change their preferences, knowledge, degrees of belief, etc.

system simplicity The locutions and rules of the system should be
as simple as possible, consistent with the other desiderata.

computational simplicity The system should minimize computa-
tional demands on the participants.

In the FDS constructed from Burley’s obligational theory, the dia-
logue purpose is stated explicitly (cf. §2). The purposes of Res and
Opp are distinct, and anyone who is qualified may participate in an
obligatio as either Res or Opp may. The rules are agreed upon in
advance, and the asymmetry between Res and Opp are explicit. The
system conforms to a stated theory of argumentation, namely Bur-
ley’s rules for positio. The rules do not preclude resolution, and it
is also quite simple, statable in a case-based structure with mini-
mal cases to consider. Further, to the extent that the protocol is rule-
consistent (which we discuss below), it discourages disruption in that
Res is never able to continuously repeat the same locution, at least,
not without responding badly.

The issue of self-transformation enablement requires further com-
ment. McBurney et al. further specify that self-transformation re-
quires that “participants should have the right to retract commit-
ments made earlier in the same dialogue” for otherwise “in such
circumstances, there would be no point for the agents to engage in
dialogue” [25, p. 403]. We disagree with this assessment; the obli-
gationes framework provides a counterexample, a type of dialogue
which is worthwhile engaging in but in which the agents’ commit-
ments are monotonic. Obligationes satisfy the less restrictive view of
self-transformation, given that the commitment sets and responses of
Res are flexible and can change over the course of the disputation.

For the remaining three desiderata, because the topic language and
the communication language coincide, it is not clear to what extent
obligationes satisfy the requirement of the separation of syntax and
semantics. It does not satisfy rule-consistency of discouragement of
disruption, because Opp can continually put forward the same propo-
sition; however, while the protocol allows Opp to act in such a fash-
ion, there are pragmatic reasons why he will generally not do so. In
Res responds well (that is, follows the protocol), the only time he
will change his response to a proposition ¢ is to move from doubt to
either concede or deny. If he has responded badly at some point, then
Opp may by repeating a locution be able to force Res into losing,
in which case there will be no point in Opp repeating that propo-
sition again, as he should instead call Cedat tempus. Whether the
final criterion is satisfied is uncertain: As we note in the final sec-
tion, the computational complexity of certain decision problems that
can be extracted from this protocol is not yet known. Regardless, the
protocol scores quite highly—-as well, or better, than the protocols
analysed in [25]. It should also be clear that this high score is not spe-
cific to Burley’s protocol: Any other FDS protocol developed from a
different medieval theory would score similarly high.

7.2 Comparison with other dialogue systems

We discussed Walton & Krabbe’s taxonomy of dialogue types, and
Cogan et al.’s extensions, in §4 before introducing Prakken’s frame-
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work. Prakken himself distinguishes two types of persuasion dia-
logues, those that are for pure persuasion and those for conflict reso-
lution [31, p. 169]. In his terminology, a DS S is for pure persuasion
iff for any terminated dialogue d, agent a is a winner for topic ¢
(a € wy(d)) iff either a is a proponent of ¢ and ¢ € C,/(d) for all @’
who are either proponents or opponents of ¢, or a is an opponent of ¢
and t ¢ C,(d) for all a’ who are either proponents or opponents of
t. ADS S is for conflict resolution otherwise.

Where do obligationes fit in these schemes? Prakken says that
frameworks for persuasion dialogues can be found in the Middle
Ages [31, p. 163, citing [1]]. Angelelli’s discussion of medieval dis-
putations in [1] focuses on obligationes, but nowhere does he make
any mention of persuasion. If obligationes are a type of persuasion
dialogue, then because Opp’s commitment store is always empty in
an obligatio, obligationes would be classified, on Prakken’s distinc-
tion, as conflict resolution dialogues instead of pure persuasion di-
alogues. However, given the stated goal of obligationes and the fact
that the players agree on the truth value of the proposition in question
at the start of the dialogue, this classification does not seem appro-
priate.

Despite its breadth, the decempartite division of [9], incorporating
Walton and Krabbe’s typology, also does not accommodate obliga-
tiones. Because they are about the consistency of a formula, obli-
gationes are not negotiation or deliberation dialogues. Because the
truth value of the proposition in dispute is known to both, and the
Opponent is not trying to persuade the Respondent of anything, they
are not information-seeking, inquiry, or pure persuasion dialogues.
Since they are not pugilistic in nature, they are not eristic dialogues.
Nor are they any of the four new kinds introduced in [9], since those
types require as well that at least one party not know the truth-value
of the proposition.

Obligationes are somewhat similar to the ‘elicit-inform’ dialogue
game of [21, 32]. These dialogues were developed by Ravenscroft
and Matheson in the context of collaborative e-learning, where the
dialogues are between a tutor system and a student. The asymmetry
between the players is similar to the asymmetry between the Oppo-
nent and the Respondent. In an elicit-inform dialogue, the student
is questioned by the tutorial system, and “after reasoning about the
learner’s contributions, the tutor system either sanctions their expla-
nations by informing them they were correct, or points out that they
were ‘incorrect’ and so informs them of a consistent, or ‘correct’
answer” [32, p. 96]. This is very similar to the behavior of the Op-
ponent when he calls Cedat tempus and evaluates the actions of the
Respondent to determine whether he has responded well or badly.
However, as elicit-inform dialogues have as their goal the persuasion
of the student to adopt a certain belief, they are not a perfect match
for obligationes, since persuasion is not at issue in obligational dia-
logues.

Instead of trying to shoehorn obligationes into a type of dialogue
system already introduced in the literature, we think it is more in-
teresting, and highlights the unique nature of obligational reasoning
better, to consider them as introducing a new type of dialogue into
the typology. Thus, one of the contributions of the current paper is
the introduction of a new type of inter-agent dialogue, for checking
the feasibility of a set of propositions. Proving that a proposition or a
set of propositions is feasible—can be consistently maintained—has
various applications in constraint and allocation satisfaction, where
a consistent solution meeting certain requirements has to be found.
Thus, the new dialogue type that we have introduced may turn out to
have useful applications beyond the context of obligationes, though
we do not investigate this potential extension further here.
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7.3 The role of obligations

One final point of interest, in comparing protocols based on obliga-
tiones to other dialogue protocols, is the role of obligations (in the
ordinary sense of the term) in the dialogues. Generally, in an FDS,
“[s]trictly speaking the only dialectical obligation that a participant
has is making an allowed move when it is one’s turn” [31, p. 170].
In an obligatio, however, Res has a two-tiered obligation: He is re-
quired to follow both the uniform protocol P, and the appropriate
specific protocol for the type of obligatio he is in.® It is possible for
Res to violate his obligation to follow the second protocol (in which
case he loses), but if he does not follow the uniform protocol than
no disputation even takes place. This two-tiered nature of the obliga-
tion of the Res helps us understand King’s analysis of obligationes
as a meta-methodology of argumentation. The specific protocol is
the methodology—it tells Res how to respond within a particular
disputation—while the general protocol constrains the types of spe-
cific protocols that are allowed, and hence can be understood as a
meta-methodology (a higher order method).

Additionally, in an obligatio there is no connection between an
agent’s commitment store and his assertions; Opp has no commit-
ments, even though all he makes are assertions, and Res makes no
assertions, but his commitments are generated from his concessions
and denials of Opp’s assertions. This is a significant difference from
standard commitment rules such as the one discussed by Prakken in
his Paul and Olga example [31, p. 169]. He says “As for commit-
ment rules, the following ones seem to be uncontroversial and can be
found throughout the literature:

o If s(m) = claim(p) then Cs(d, m) = Cs(d) U {p}...”

That is, an agent’s discursive commitments are generated from his
assertions. A similar position is advocated when he says elsewhere
that “Commitments are typically incurred by making or conceding
claims and stating” [30, p. 1017].

8 Conclusion

We have now seen how at least one type of medieval obligational
theory can be interpreted as giving rise to a formal dialogue sys-
tem; it is straightforward to extend this analysis not just to theories
of positio outlined by other medieval authors but also other types of
obligationes, such as dubitatio, by varying the underlying logic.” The
result of such an analysis shows that, just as a particular dialogue can
be viewed as a game played according to a set of rules specified by
an FDS (cf. §3), so too obligationes can be naturally understood as
giving the participants a methodology of argumentation or reasoning
to follow. By specifying the protocols and rules of an FDS, an partic-
ular obligational theory gives participants a framework within which
to do philosophical analysis. This provides formal support for King’s
interpretation of obligationes as functioning at the meta-level, rather
than at the content level. We close our paper by pointing towards
questions that we hope to answer in future work.

In §6 we distinguished two ways “responds badly” can be expli-
cated. Both of these give rise to decision problems whose complexity
we intend to investigate in future work (cf. §7). In the first, the lo-
cal winning outcome conditions corresponds to the decision problem

6 The obligation to follow the uniform protocol is what Walton and Krabbe
term an ‘action commitment’: an obligation to execute a particular course
of action, given the action(s) of the other player(s) [39, ch. 1].

7 The case of dubitatio is considered in [37].
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RESPONDS-WELL(d,,, 9) defined as follows: Given a finite obliga-
tio d,, and model 901, check whether 9 | I',, = (B, {~T"Tn: ¢ €
A}, VPTn) that is, whether Opp has locally won.

Question. What is the computational complexity of RESPONDS-
WELL(dy, M)?

Note: The answer is not necessarily a straightforward adaptation
of complexity results for model-checking in Public Announcement
Logic (PAL, [38, ch. 4]), since in PAL, attention is restricted to an-
nouncements which are truthful, and the introduction of announce-
ments which may be false, but which are nonetheless effective (in
that they reduce the model), is not generally considered.

The fine-grained view asks whether, at each step n, Res has fol-
lowed the specific protocol he was obligated to follow. It is possible
for Res to have responded correctly in the sense of winning locally on
the broad-grained view, but to still have not followed the rules cor-
rectly, by choosing the wrong response for irrelevant propositions.
In this case, the decision problem RULE-FOLLOWING (d,,, P, 9) is
defined as follows: Given a finite obligatio d.,, protocol P, and model
I check whether the construction of I',, satisfies the conditions of P.

Question. What is the computational complexity of RULE-FOL-
LOWING(dy,, P, 9)?

Note: It may be possible to extend the complexity results of [27,
28, 29], though it is not prima facie clear how this would be done. In
particular, the results in [29, §7] are for argumentation-based logics,
which DEL is not, and the results in [27, §5-6] are for protocols
where repetition is not allowed.
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Working on the Argument Pipeline:
Through Flow Issues between Natural Language
Argument, Instantiated Arguments, and Argumentation
Frameworks

Adam Wyner' and Tom van Engers”? and Anthony Hunter 3

Abstract. In many domains of public discourse such as arguments
about public policy, there is an abundance of knowledge to store,
query, and reason with. To use this knowledge, we must address two
key general problems: first, the problem of the knowledge acquisi-
tion bottleneck between forms in which the knowledge is usually
expressed, e.g. natural language, and forms which can be automati-
cally processed; second, reasoning with the uncertainties and incon-
sistencies of the knowledge. Given such complexities, it is labour and
knowledge intensive to conduct policy consultations, where partici-
pants contribute statements to the policy discourse. Yet, from such a
consultation, we want to derive policy positions, where each position
is a set of consistent statements, but where positions may be mu-
tually inconsistent. To address these problems and support policy-
making consultations, we consider recent automated techniques in
natural language processing, instantiating arguments, and reasoning
with the arguments in argumentation frameworks. We discuss ap-
plication and “bridge” issues between these techniques, outlining a
pipeline of technologies whereby: expressions in a controlled natural
language are parsed and translated into a logic (a literals and rules
knowledge base), from which we generate instantiated arguments
and their relationships using a logic-based formalism (an argument
knowledge base), which is then input to an implemented argumenta-
tion framework that calculates extensions of arguments (an argument
extensions knowledge base), and finally, we extract consistent sets of
expressions (policy positions). The paper presents a progress report
towards the implementation of dynamic, web-based, distributed, col-
laborative knowledge base construction in natural language which
supports incomplete and inconsistent knowledge.

1 INTRODUCTION

In many domains of public discourse, participants have the oppor-
tunity to present their views. In public policy-making discussions,
members of the public and politicians gather information and con-
sult about issues of public import such as copyright, banking, im-
migration and others. Such consultations promote democratic insti-
tutions, support regulatory compliance, and make government more
efficient. With the advent of the Internet, the opportunities to broaden
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such public participation have increased dramatically as has the vol-
ume of information. While consultation exercises are necessary and
beneficial, the volume and complexity of the information introduces
problems to store, analyse, represent, and reason. Moreover, the par-
ticipants may enter uncertain, incomplete, or inconsistent statements;
the knowledge may be non-monotonic, where statements are intro-
duced or removed, context changes, and inferences change relatedly.
These create substantive problems in reasoning.

Standard, current tools which are used to gather knowledge of pol-
icy are face-to-face meetings and rounds of consultation/commenting
on written position reports. On line forums are also used to broaden
participation and make policy more efficiently [23]. Broadly speak-
ing, the meetings and on line forums serve to record the uncertain
and potentially inconsistent points of view of the participants. Ana-
lysts subsequently try to identify and reason with the inconsistency in
order to formulate and clarify the policy, a task which is done “manu-
ally”. Moreover, the tools do not support participants to submit their
contribution in a way that facilitates further processing.

None of the current tools address the knowledge acquisition bot-
tleneck, nor knowledge representation and reasoning (KR) as under-
stood in the subfield of artificial intelligence. The knowledge acqui-
sition bottleneck is the problem of translating between the form in
which participants know or express their knowledge and the formal
representation of knowledge which a machine can process; the bot-
tleneck has limited the advance of artificial intelligence technolo-
gies [18]. KR is understood as a structured, logical representation
of the knowledge for automated reasoning, querying, and process-
ing. Currently, knowledge engineers (or legislative assistants) manu-
ally structure and formalise unstructured linguistic information into
a knowledge base (or legislative act) which supports information ex-
traction, identification of relationships among statements, inference,
query, development of ontologies, redundancy, identification of con-
tradictions, reasoning with uncertain and inconsistent knowledge, or
visualisations. Yet, in doing so, the knowledge engineers rely on their
own fine-grained, unstructured, implicit linguistic knowledge, which
itself is problematic.

In order to support policy-making, we address the knowledge ac-
quisition bottleneck and inconsistency of statements with automated
techniques in natural language processing, instantiating arguments,
and reasoning with the arguments in argumentation frameworks. We
discuss application and bridge issues between these techniques, out-
lining a pipeline of technologies whereby: expressions in a controlled
natural language are automatically parsed and translated into a logic
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(a literals and rules knowledge base — LRKB) using Attempto Con-
trolled English (ACE)*; from this knowledge base, we generate in-
stantiated arguments and their relationships using a logic-based for-
malism (an argument knowledge base — AKB) with as system based
on [5]; we input this knowledge base into an implemented argumen-
tation framework which calculates extensions of arguments (an argu-
ment extensions knowledge base AEKB) with [17] that is grounded
in [14]. At the end, we extract consistent sets of expressions (policy
positions).5

While each of these components is well developed independently,
little consideration has been focused on the integration and through
Sflow between them. The important novelty of this paper is an explo-
ration of these bridge issues which must be addressed to construct an
on line system which allows users to enter expressions in natural lan-
guage that feed into an implemented logic-based formalism and ar-
gumentation frameworks, creating an argument processing pipeline.
The objective of the pipeline is support and automate what is now
an unsupported and manual task: input a (possibly inconsistent, dy-
namic) knowledge base of literals and rules expressed in natural lan-
guage and output policy positions.

Many questions arise. Where we rely on input from public partici-
pants, who are not logicians or knowledge engineers with training in
building well-formed rules, ill-formed arguments could be entered.
What prompts can be introduced to make KB construction systematic
and meaningful? Is Propositional or First-order logic appropriate as
a semantic formalism for natural language. What limitations are im-
posed by using a controlled language? How can context and dynam-
ics be addressed? In the face of these questions, our approach is prag-
matic and incremental, using available technologies while acknowl-
edging limitations. For example, we do not address the problem of
ill-formed arguments; First-order logic is known to have a range of
limitiations; controlled languages are inherently less expressive than
*full’ natural languages, and we consider only static knowledge bases
relative to a fixed context. These are abstractions which helps us fo-
cus on other central aspects of the system. Given further theoretical
and technological advances, our approach is to be extended and re-
fined towards the goal of an argumentation system which supports
dynamic, web-based, distributed, collaborative knowledge base con-
struction using natural language and reasoning with incomplete and
inconsistent knowledge. This paper represents an intermediate report
towards that goal.

In Section 2, we provide a sample policy-making discussion, a
graphical representation of the relationships among the statements,
and our translation methodology using the Attempto Controlled Lan-
guage System. In this section, we develop a literals and rules knowl-
edge base (LRKB), which represents the domain knowledge. In Sec-
tion 3, we take LRKB and instantiate arguments for and against state-
ments, forming an argument knowledge base (AKB). In Section 4,
we take the arguments and relations defined in AKB as input to an
argumentation framework AF and calculate extensions of arguments,
which are sets of mutually compatible arguments, which forms an
argument extensions knowledge base (AEKB). From the extensions,
we extract the literals and rules for each extension to provide policy
positions as shown in Section 5. The paper concludes with a discus-
sion section.

2 Example, Translation Methodology, and
Considerations

In this section, we discuss our source material and working exam-
ple, the methodology of using the Attempto Controlled Language
system to translate the sentences to parse and semantically translate
the sentences, and considerations which arise in developing a set of
sentences for input to an argumentation system.

2.1 Sources and Examples

[40] present a policy-making discussion adapted and abstracted from
a BBC Have Your Say discussion list. The BBC’s Have Your Say in-
troduces a question for discussion, provides brief background points,
then allows users to write in comments in a monitored, unthreaded
discussion list.% For the particular study, [40] considered comments
in response to the question Should people be paid to recycle?, where
697 comments were published (and 35 were rejected).”

The comments as they are present a knowledge engineer with a
wealth of unstructured textual data since the discussion list is un-
threaded and has very few substantive constraints on what partici-
pants can contribute or how. Among the many issues such a discus-
sion raises for the analyst, we see the following. Participants may
use any vocabulary or syntactic structure they wish (so long as it
does not lead to the rejection of their comment); they may use novel
words or expressions, metaphors, misspellings, and ungrammatical
sentences. There is no check that the meaning as interpreted is the
meaning as intended. Implicit or pragmatic information in the com-
ments must be inferred by the reader. There are no over indications of
inter-comment relationship (unless the commenter explicitly refers to
one or more previous comments). The comments can represent un-
certain or inconsistent information. The comments can be vague and
ambiguous. The interpretation of comments is left to the analyst to
infer.

Beyond these empirical observations, it is unclear what current
computational linguistic system could accurately parse the large ma-
jority of sentences, yield the acceptable correlated semantic interpre-
tation, and be used to support the acquisition of the knowledge. Text-
mining can extract some useful information (e.g. sentiment analy-
sis [25], some aspects of rules [39], automatic implicatures [13],
and contradictions [32]), but is still limited, error prone, and does
not capture the complex meaning of each comment, much less the
complex web of meanings comprised of the semantic relationships
among the comments. Uncertainties and inconsistencies (other than
explicit contradictions) are difficult to identify. It would be a signif-
icant task to take such a list of comments and transform them into a
knowledge base that is suitable for a significant KR task.

[40] scope the issues, which is a common practice in semantic
studies in Linguistics. By scoping the issues, the data is filtered, nor-
malised, and reduced in scale so as to define a problem space that is
on the one hand close to or derived from the source data and is on
the other hand amenable to yet challenging for the theoretical and
implemented techniques. It allows us to address and solve particu-
lar problems, abstract issues, and make progress which otherwise is
prohibited by an ill-defined scope. While the resulting example is rel-
atively far from the source material, it is still a useful starting point.
The intention is that by addressing relatively artificial examples, we

4http://attempto.ifi.uzh.ch/site/description/
5 The term policy position is perhaps related to normative positions of deontic
logic [29].
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can highlight issues, then extend the approach incrementally to solve
additional and less artificial problems and examples.

With these programmatic points in mind, we adopt and adapt the
approach and sentences in [40], where there are 16 sentences are
automatically translated into First-order logic, manually indicating
where there are rules and contradictions: users input sentences using
the controlled language editor, then indicate rule relationships be-
tween sentences such as premise, claim, or contradiction. The result
is a (possibly inconsistent) knowledge base.

In the current paper, we have 19 example sentences; in Section 2.3,
we justify our revisions and discuss the sentences. For the purposes
of this paper, we only work with Propositional Logic in this paper be-
cause the theory of argument formation for expressions in First-order
logic is more complex than we need here and because the current im-
plemented system for generating arguments and relations only works
for Propositional Logic, though a system for First-order Logic is in
development. A representation in First-order Logic is crucial in or-
der to identify and reason with contradiction, redundancy, implica-
tion, ontological argument, fine-grained information extraction, and
query; in future work, we anticipate working with First-order Logic
Statements. We have, therefore, assigned each sentence a lower case
propositional variable. Each rule has a lower case rule name.®

Example Sentences

pl: Every household should pay some tax for the households
garbage.

p2: No household should pay some tax for the households
garbage.

p3: Every household which pays some tax for the households
garbage increases an amount of the households garbage which the
household recycles.

p4: If a household increases an amount of the households garbage
which the household recycles then the household benefits the
households society.

pS: If a household pays a tax for the households garbage then the
tax is unfair to the household.

p6: Every household should pay an equal portion of the sum of the
tax for the households garbage.

p7: No household which receives a benefit which is paid by a
council recycles the households garbage.

p8: Every household which does not receive a benefit which is
paid by a council supports a household which receives a benefit
which is paid by a council.

p9: Tom says that every household which recycles the households
garbage reduces a need of a new dump which is for the garbage.
p10: Every household which reduces a need of a new dump bene-
fits the households society.

pl1: Tom is not an objective expert about recycling.

p12: Tom owns a company that recycles some garbage.

p13: Every person who owns a company that recycles some
garbage earns some money from the garbage which is recycled.
pl4: Every supermarket creates some garbage.

p15: Every supermarket should pay a tax for the garbage that the
supermarket creates.

p16: Every tax which is for some garbage which the supermarket
creates is passed by the supermarket onto a household.

pl7: No supermarket should pay a tax for the garbage that the
supermarket creates.

p18: Tom is an objective expert about recycling.

8 One general issue that arises about the pipeline concerns the representations
which suit each application. This is discussed further below.
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p19: If an objective expert says every household which recycles
the households garbage reduces a need of a new dump which is for
the garbage, then every household which recycles the households
garbage reduces a need of a new dump which is for the garbage.

As in [40], where a rule has more than one premise, the assumption
is that the premises must conjunctively hold for the claim to hold.
The rules are definite clauses - Horn clauses with exactly one positive
litera. We assume that users construct rules from the propositions.

Rule Set

rl: [p4 A p3] — pl

r2: [p9 A pl18 A pl9] — p4
r3: pl0 — p3

rd: [p12 A p13] — pl1

r5: [p5 A pl5] — p2

16: [p6 A p7 A p8] — p5
17: pl4 — pl5

18: pl6 — pl7

We can represent the structure of the literals and rules into a
graphic where solid lines indicate a premise relation and a dashed
line indicates a contradiction.

- - - >

N

P15 <« P17

P9 P18 P19 P10 P6 P7 P8 P14 P16

v

P11

/

P12 P13

Figure 1. Relationships between Statements — Premises, Claims,
Contradictions

In the next section, we briefly outline issues bearing on the syn-
tactic parsing and semantic interpretation provided by ACE.

2.2 Parsing and Semantic Representation with
Attempto Controlled English

[40] provide a detailed discussion of the application of Attempto
Controlled English (ACE) to our candidate sentences. In the context
of this paper, where the emphasis is on providing the relationship
between the input statements, rules, and an argumentation system
which works only on propositions, the importance of using ACE is
reduced. Yet, it is relevant here to give a brief overview in that ACE
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controls the language of the policy discussion and also provides ex-
pressions in First-order Logic that can be used in future implemented
argument instantiation systems ([4] and [16]).

To facilitate the processing of sentences, we use a well-developed
controlled natural language system — ACE (for an overview of the
properties and prospects of controlled natural languages, see [37]).
A controlled language has a specified vocabulary and a restricted
range of grammatical constructions which are a subset of a natural
language (e.g. English). Sentences written and read in the controlled
language appear as normal sentences, but can be automatically trans-
lated into a formal representation.

ACE supports a large lexicon, a range of grammatical construc-
tions, discourse anaphora, and correlated semantic interpretations:
negation on nouns or verbs, conjunction, disjunction, conditionals,
quantifiers, adjectives, relative clauses, discourse anaphora, modals
(e.g. necessity and possibility), possessives, prepositional phrases,
verbs with three arguments, and verbs with subordinate clauses. ACE
checks that the sentences input to the system satisfy the constraints of
the syntax and semantics of the language, thus the user is only able to
input grammatically acceptable and semantically interpretable sen-
tences in building the knowledge base. ACE has an associated rea-
soning engine to test for consistency and draw inferences.

As discussed in [40], the syntactic form must be crafted to generate
the intended semantic interpretation, but this is relatively straightfor-
ward to do. Our 19 sentences are grammatically well-formed in ACE
and have the intended interpretations.’

2.3 Considerations

In developing the sentences for input to a generator of instantiate
arguments, three issues arose — making contradictoriness explicit, the
construction of well-formed rules in the LRKB, and the introduction
of implicit premises. We discuss these in turn.

To generate instances of arguments and their relations, we require
explicit indicators of contradictoriness. To take a simple example,
suppose that one participant makes a statement such as Bill exer-
cises daily and another claims Bill does not exercise daily; the lexical
items and syntactic form are such that it is relatively easy to identify
these as contradictory. Systematically translating from natural lan-
guage expressions with negation to logical forms with negation is
a complex issue itself, though we do not discuss it here. However,
rather than stating Bill does not exercise daily, suppose a participant
claims Bill is a couch potato, which is also contradictory with Bill
exercises daily. Yet, the lexical items and syntactic form are signifi-
cantly different; it requires lexical semantic and syntactic knowledge
to know that these expressions are contradictory. Indeed, there are a
broad range of linguistic forms for expressing contradictoriness [11];
more broadly, contradictoriness is a rich, complex, poorly understood
domain ([11], [9], [12, 32]). While ACE easily identifies the inconsis-
tency between Bill exercises daily and claims Bill does not exercise
daily, it misses the inconsistency between Bill exercises daily, and
Bill is a couch potato.

There are two approaches to addressing such contradictions. One
strategy is for the user to introduce an explicit constraint which sim-
ply states which two sentences are contradictory. If Bill exercises

9 ACE translates sentences such as Every supermarket creates some
garbage. as generally done in First-order Logic, Vx[supermarket(x) —
Jyl[garbage(y) A create(x,y)]]. However, generalised quantifiers are the
more desirable translation of quantifiers for natural language [2]. ACE also
translates conditional statements as conditionals, though we have not in-
cluded conditional statements among our rules in order to simplify. This
does not impact on the key points in the paper.
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daily is represented as the propositional variable P, Bill does not ex-
ercise daily is —P, and Bill is a couch potato is R, =[P A R] is a
constraint — P and R cannot both be true in a model. Yet, unlike the
contradiction [P A —P] of Propositional Logic, constraints must be
independently given in the knowledge base. Besides having to be
specified, an additional problem of constraints is that there is no ex-
planation of the contradiction; that is, they are facts of the knowledge
base and follow from or relate to no other elements of the knowledge
base.

To overcome this, an alternative strategy is to express the en-
thymemes or rules (if known) which give rise to the inconsistency;
enthymemes are implicit premises that are required to allow an in-
ference to go through and which must be made explicit in the KB.
For instance, Bill is a couch potato implies that Bill does not exercise
daily. Thus, in stating Bill is a couch potato one ought to introduce
as well the rule that it implies that Bill does not exercise daily; then,
where it is asserted that Bill is a couch potato and Bill exercises daily,
we would find, by inference, that an inconsistency arises. Such an ap-
proach relies on some pre-existing and accepted terminology by the
users, that is, that exercise daily is in the lexicon already such that
the contradiction of it is meaningful.

A second issue relates to the construction of well-formed rules.
Given a set sentences, participants can, in principle, introduce any
combination of literals to produce a rule. Yet, some of these ap-
pear to be well-formed and meaningful, while others do not. For
example, the following argument is formally and syntactically well-
formed as well as semantically coherent: Socrates is a man and Every
man is mortal therefore Socrates is mortal. In contrast, the following
is formally and syntactically well-formed, but semantically incoher-
ent, we would not want to accept it as an argument: Bill is rich and
Jill sails therefore Socrates is mortal. Clearly in the latter example,
we are missing some semantically relevant relationships between the
premises themselves and between the premises taken together and
the claim; in this regard, the former example is more coherent. While
the former example may have a relatively simple explanation for this
coherence (terms are shared), the coherence of more complex exam-
ples such as argumentation schemes which represent normative pat-
terns of presumptive reasoning are more difficult to explain [34]. On
this topic, we have some of the following general questions. What are
the conditions on semantic well-formedness for the rules provided to
the knowledge base? What makes a set of statements semantically
cohere as premises of a claim? What makes a set of statements se-
mantically imply a conclusion? While the mathematical or syntacti-
cal conceptions of a rule may be clear, and logicians or knowledge
engineers may implicitly know how to write well-formed rules, the
principles which underlie the linguistic semantic instantiations are
not clear. If we allow non-logicians or knowledge engineers to build
rules, what guidance can be provided to build meaningful rules? That
is, how can we make explicit what logicians and knowledge engi-
neers implicitly know?

These topics touch directly on complex issues relating to the in-
terface of human reasoning, language, and formal reasoning ([15]
and [31]); indeed, in addition to the issues that arise about controlled
languages, it is problematic to presume that participants can, without
training, contribute to a normative rational discussion in a way which
supports automated reasoning; a similar point applies to the recon-
struction of arguments from texts by participants. In other words, a
degree of literacy in operating the system and interpreting the results
is going to be required.

A related point bears on enthymemes, which are implicit premises
that nonetheless bear on the inference ([7] and [35]). There are two
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sides to the issue — how enthymemes are used in reasoning and how
they are incorporated into the knowledge base. The former presumes
a solution to the latter since enthymemes are implicit in reasoning,
which implies that they are explicitly represented in the knowledge
base in some way. We do not address the former since in develop-
ing a knowledge acquisition device, we are concerned with soliciting
implicit knowledge, making it explicit, and formally incorporating it
into the knowledge base.

While all three of these issues are substantial in and of themselves,
they are partially addressed in our approach to collaborative, incre-
mental, distributive knowledge base construction. For example, sup-
pose there are two sentences in the knowledge base which are mu-
tually incompatible (e.g. our Bill exercises daily and Bill is a couch
potato) but were not overtly recognised or marked as such by users;
this could arise simply because of what the users attend to or the
size of the knowledge base. Some subsequent users could (on sepa-
rate occasions and without being aware of the input of other partici-
pants) introduce the relevant implications to yield the representation
of contradiction. Similarly, rules which are constructed by some par-
ties could subsequently be rendered inapplicable by asserting that a
premise does not hold. Finally, as implicit knowledge is solicited, it is
explicitly introduced into the knowledge base which can then support
further explicit reasoning. In this industrialised vision of knowledge
engineering, individual participants may be logically imperfect and
partially ignorant, yet contribute to the construction of globally per-
fect knowledge bases which arise after the calculation of argument
extensions. In this regard, the system does not so much rule out er-
roneous statements or rules as to allow them to be modified by the
input of other participants and, more importantly, reasoned with to
determine consequences which would highlight the problems.

Finally, we should touch on one representational issue. At differ-
ent stages of the pipeline, different forms of representation are use-
ful to support distinct reasoning processes. There is a balance to be
struck at every step between abstraction and expressiveness. For in-
stance, while we have used lower case letters and numbers, we could
have used the sentence strings themselves as propositional variables.
While we have left resolution of these issues to future work, it is not
particularly problematic so long as we are clear about and consistent
about the conversions at each state.

3 INSTANTIATING ARGUMENTS AND
RELATIONSHIPS FROM A KNOWLEDGE
BASE

In this section, we discuss instantiating arguments and their relation-
ships from a literals and rules knowledge base (LRKB) as given
above; the result is an argument knowledge base (AKB). The AKB is
then input to an abstract argumentation framework to calculate exten-
sions as discussed in Section 4; the result is an argument extensions
knowledge base (AEKB), from which we can extract consistent sets
of propositions which represent policy positions.

We work with a logic-based approach of [5] and [6], which rep-
resents arguments in terms of classical logic (for related work see
([28], [19], [21], [1], [5], and [27]). While we could discuss other ap-
proaches to instantiating arguments and relationships which use de-
feasible rules (e.g. [27] or [20]), we keep to a logic-based approach
for several reasons: it is founded in a well-known and widely used
logic (classical propositional logic), it has an extension to First-order
Logic, it is broadly compatible with the logical translations provided
by ACE (which has no defeasible rules), an implementation is avail-
able, and issues about generating and structuring arguments in rela-
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tions are well-developed (e.g. minimal arguments, redundancy, and
argument tree pruning among others). However, as we are primarily
interested to explore an implemented example, we do not examine
these issues further.

[5] and [6] provide numerous examples of knowledge bases and
instantiated arguments primarily in Propositional Logic. The novelty
of our example is twofold: our example is an abstraction from in-
put sentences which have been automatically translated to First-order
Logic; we have related the arguments and relations to an argumenta-
tion framework, where, as we see, additional issues arise.

Instantiating arguments and their relationships is necessary for
calculating extensions of arguments, which are arguments which
are mutually consistent. Abstract argumentation frameworks (AFs),
which we briefly discuss in Section 4, define how to determine such
extensions. Though [6] discuss AFs, in this paper, we take the pri-
mary focus of logic-based approach to be on instantiating arguments
and their relationships. We review key components of the logic-based
approach.

In a logic-based approach, statements are expressed as atoms
(lower case roman letters), while formulae (greek letters) are con-
structed using the logical connectives of conjunction, disjunction,
negation, and implication. The classical consequence relation is de-
noted by F. Given a knowledge base A comprised of formulae and
a formula o, A F « denotes that A entails o. A can be inconsis-
tent and comprised of a range of declarative statements. We assume
a set of formulae A from which arguments are constructed. Where
L denotes inconsistency, A F | denotes that A is inconsistent. An
argument is an ordered pair < ¢, a >, where ¢ C A, ¢ is a minimal
set of formulae such that ¢ - «, and ¢ I/ L. ¢ is said to support the
claim «. For example, where p and ¢ are atoms, and where the KB is
comprised of p and p — ¢, then < {p,p — g}, ¢ > is an argument,
where p, p — ¢ is the support for the claim g.

The knowledge base A may be inconsistent, which here arises
where A contains contradictory propositions (and not necessarily
just constraints); this bears on issues discussed in Section 2.3. With
contradictory propositions, we can construct arguments in relations,
where the propositional claim of an argument is contradictory to the
propositional claim of another argument or is contradictory to some
proposition in the support of another argument. These are attack re-
lations between arguments < ¥, 3 > and < ®, « > such as under-
cutter and rebuttal; attacking arguments are referred to as counter-
arguments. < WV, > is an undercutter for < ®, o > where [ is
(A1 A...App)and {¢p1...dn} C D;in essence, the claim of one
argument is the negation of a set of formulae in the support of an-
other argument.'® < U, 3 > is a rebuttal for < ®, & > if and only if
[ < -« is a tautology; the claims of the arguments are inconsistent.
For example, supposing the following LRKB (from [6]): p, p — —q,
r, ¥ — —p, °p — q. From this LRKB, we can construct an argument
to support the claim —~g: < {p,p — —¢q}, g >. With respect to
this argument, we have an undercutter < {r,r — —p},—p > and a
rebuttal < {r,r — —p,—p — q},p >.

Given a large and complex LRKB, arguments will have structural
relationships such as subsumption of supports, where one support is
a subset of another support, and implication between claims, where
one claim entails another. Moreover, there may be more than one
argument which undercuts or rebuts another argument. [5] and [6]
define and discuss a range of these relationships among arguments;
however, additional definitions are not directly relevant to our key

10 There is an additional notion of canonical undercut, where the atoms are
ordered; it is useful for efficiency. For the presentation here, we presume
it.
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points in this paper. For our purposes, given an LRKB, we can gener-
ate not only the arguments, but also the counterarguments, the coun-
terarguments to these arguments (counter-counterarguments), and so
on recursively; such a structure is an argument tree, a graph where
arguments are nodes and attack relations are (undifferentiated) arcs.
From a given LRKB, [5] generate all possible arguments and coun-
terarguments. To illustrate this with an example, we discuss JArgue,
which implements the logic-based approach.

3.1 JArgue

JArgue is an implementation in Java of logic-based argumentation
[5]; given an LRKB, JArgue generates arguments, attacks between
arguments, and an argument tree.'" One provides JArgue with an
LRKB as a text file of propositional clauses (conjunctive normal
form); implicational rules such as p — ¢ are rewritten as !p|qg, where
! is negation and | is disjunction. Where the antecedent of a rule is
a conjunction of literals as in [r A s] — ¢, we rewrite the negation
of the antecedent as a disjunct of negated literals — !r|!s|q. Starting
JArgue and inputting an LRKB, one can request the generation of ar-
guments where a particular literal is the claim; given the arguments,
one can then select among the arguments and request the generation
of the argument tree. We discuss JArgue and illustrate it with our
example.

Our example in Section 2.1 has what we are treating as atoms p1-
p19 and rules r1-r8. Several preliminary comments are needed before
presenting the input LRKB. First, since incompatible literals is a sig-
nificant issue, we did not presume to represent statements which were
incompatible as logical contradictions, e.g. pl and p2, p11 and p18,
and p15 and p17, even though ACE translates these pairs as contra-
dictory. In other words, we presumed the problematic examples of
contradiction rather than the unproblematic.

pl: Every household should pay some tax for the households
garbage.

p2: No household should pay some tax for the households
garbage.

pl1: Tom is not an objective expert about recycling.

p18: Tom is an objective expert about recycling.

p15: Every supermarket should pay a tax for the garbage that the
supermarket creates.

pl17: No supermarket should pay a tax for the garbage that the
supermarket creates.

However, to determine attack relations, the logic-based approach
requires the explicit expression of contradiction as in classical logic.
We therefore make the following substitutions: p2 = —pl, pll =
—pl8, and pl17 = —plS5. This is an issue relevant to the illustration,
not to the functionality of either the logic-based approach or JAr-
gue since expressions of contradiction can be added to the knowl-
edge base as it is built. However, the choice here is to represent such
incompatibilities as logical contradiction rather than as constraints
of the form —[pl A p2] (or in conjunctive normal form for JArgue
Ip1|!p2). We explore this choice in future research.

Given these equivalences, the related rules are adjusted by substi-
tuting in equivalent expressions:

rl: [p4 A p3] — pl
r2: [p9 A pl18 A p19] — p4

11 Requests for JArgue

a.hunter@cs.ucl.ac.uk.

should be addressed to Tony Hunter
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r3: pl0 — p3

r4: [p12 A p13] — —pl8
r5: [p5 A p15] — —pl
16: [p6 A p7 A p8] — p5
17: pl4 — pl5

18: pl6 — —pl5

Our LRKB for JArgue will be comprised of literals and (conjunc-
tive normalised) rules. However, there is a somewhat tangential issue
of whether we need include all literals since some serve only as inter-
mediaries between rules (see the discussion of intermediate concepts
in [36]); that is, if we have a language comprised of p, g, r,p — ¢, g
— r, there is no reason to include in the KB ¢ (or r) itself since it is
enough to include all the rules and only those literals which are ter-
minal leaves in a graph of all the rules as in Figure 1; in other words,
the KB need only represent what is asserted along with the rules,
not what is simply expressed in the language. In a dynamically con-
structed KB, what is asserted and what is inferred may change over
time. We presume this simplification and leave further discussion to
future research. Thus, we have rules r1-r8 as revised above and only
po, p7, p8, p9, pl0, p12, p13, p14, pl6, pl18, and p19. Other literals
are inferred."?

With these points in mind, our input LRKB for JArgue is as fol-
lows:

po6, p7, p8, p9, pl0, pl12, pl3, pl4, pl6, pl8, pl9, !pl0|p3,

'p9|!p18|!p19|p4, !'p12|!p13|!p18, !p3|!p4|pl, !p5|'pl15|'pl,
'p6|!p7|!p8|p3, !pl4|pl5, !pl6]|!pl5

To run JArgue, we add this LRKB, then query the KB to generate
an argument. Querying the KB can only be done for one literal at
a time. For our example, if we query for pl, we get the following
argument, which we label al:'?

al: < {p10, p9, p18, p19, 'p10|p3, 'p9|!p18|!p19|p4,
'p3|!p4|pl}, pl >

It happens to be the case that there is only one argument al for pl
generated from our KB, but with another KB, there could have been
more.

JArgue then requests the user to select from an argument with re-
spect to which it should generate an argument tree. Selecting al, JAr-
gue generates an argument tree with two counterarguments a2 and a3
along with one counterargument a4 to a3; for the sake of discussion,
we discuss each node and their relationship rather than present the
graph. The first counterargument a2 is an undercutter of al since the
claim of a2, !pl8, is the negation of a literal which appears in the
support of al:'

a2: < {p12,p13,p12|!p13|!p18},!p18 >
The second counterargument a3 is a rebuttal of al since the claim of
a3, !pl, is the negation of the claim of al:

a3: < {pb6, p7, p8, p14, \p6|!p7|!p8|p5, Ip14|pl5
Ip5|lp15|Ip1}, Ipl >

12 This may be a more substantive issue since what arguments and relations
are generated and used for input to the abstract framework may depends on
what is explicitly available in the knowledge base rather than the explicit
and inferred statements. We discuss this further below, and it may need
further examination.

13 Labelling the arguments is not a functionality of Logic-based argumenta-
tion or JArgue. We do so to provide elements for the AEKB.

14 Logic-based argumentation and JArgue represent the claim of a canonical
undercutter with *; for the purposes of our illustration, we make it explicit.
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Finally, we have a counterargument to a3, where one of the implied
literals of a3, p15, is contradicted by the claim of a4, !p15:

a4: < {p16,!p16|!p15},p15 >

If we query the LRKB for !p1 and keep the argument labeling the
same, we have a3. The argument tree for a3 gives us al as a counter-
argument; this shows that where we have contradictory claims, the
arguments attack one another. Otherwise, a2 is a counterargument of
al, and a4 is a counterargument for a3 as before.

Querying just the argument trees for pl and !pl, we can create an
AKB, which is a knowledge base of generated arguments in attack re-
lations (indicated with arf), which is given in the argument tree. Such
an AKB is suitable for input to an abstract argumentation framework
to generate an AEKB, which allows us to reason abstractly over ar-
guments. This is AKB1:

Arguments: al, a2, a3, a4
Attack Relations: att(al,a3), att(a3,al), att(a2,al), att(a4,a3)

3.2 Considerations

Where we choose to argue for and against literals at the root of an
argument tree such as about pl and !pl1, the arguments and relations
among arguments appear relatively straightforward. It is important
to note that we have used JArgue to generate argument trees with
respect to a query on a proposition. However, we are using it as well
to creating AKBs for input to abstract argumentation frameworks,
which is the reason to investigate the argument trees for a proposition
and its negation; however, using JArgue to generate arguments and
relations to support abstract argumentation frameworks is somewhat
beyond the brief, as we see in a moment.

A relevant general question arises — how many arguments and
attack relations among them can be generated from the underlying
LRKB? Given that we have classical logic, contrapositive reasoning
applies; that is, given —q and p — ¢, we can infer —p. Thus, if we
query p3, which is implied by p10, which is itself asserted, we can
generate an argument and an argument tree.

a’: < {p10,!p10|p3}, p3 >

In the argument tree, we have a rebuttal argument which is generated
by contraposition — where !p1 and p4 hold, !p3 must hold:

a”: < {p6,p7, p8, p9, p14, p18, p19, !p6|!p7|!p8|p5, 'p14|p15
1p9|1p18|!p19|p4, p5|!p15|lpl, Ip3|!pd|pl}, 1p3 >

This argument itself has two counterarguments. And in particular, a’
and a” rebut one another. More generally, every literal in the language
(appearing in a rule or as an assertion) has an argument and a coun-
terargument (each of which may also have counterarguments). Given
this, should all such arguments in their relations be in the AEKB for
a given AKB?

For our purposes, we only include those arguments and relations
relative to a debate under investigation, here pl and !pl; these are
the arguments and relations as generated by JArgue. Other arguments
and counterarguments such as for p3 are not clearly relevant. Indeed,
perhaps all the other arguments and relations arise via contraposition
are problematic; indeed, it is questionable whether contraposition is
a natural reasoning rule (see [15] and [31]).

The hedge, however, bears on how we use AKB as input to the
abstract argumentation framework discussed in Section 4, where we
find the AKB with four arguments and four attacks is not sufficient
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to get a correct result. This is so because while a2 attacks al, and a4
attacks a3, nothing attacks a2 or a4; thus, these arguments attack and
defeat al and a3. The extensions leave just a2 and a4, which is con-
trary to our desired goal, which is that al and a4 could hold together,
while a3 and a2 could hold together. We need, then, to generate an
attack on a2 where we query for the claim of al, and to generate
another attack on a4 when we query for the claim of a3.

This would seem to require that where we query for a proposition
and its negation, we want to generate at least one additional argu-
ment to counterattack attackers, if we can. In other words, we want
to generate attacks (either rebuttals or undercutters) to a2 and a4. For
example, we could do so by finding a rebuttal which uses (in a sense
to be explained) the claim of the queried argument. In other words,
we want to find one rebuttal a5 where the claim of a5 is the negation
of the claim of a2 and where the claim of al, namely pl, is used is
found among the support for the claim of a5; similarly, we want to
find another rebuttal a6 where the claim of a6 is the negation of the
claim of a4 and where the claim of a3, namely —p2, is used. Such
arguments may be generated from the underlying LRKB or they may
be generated by contraposition, which then provides some intuitive
motivation to support such a rule in the context of argumentation. In
other words, we want to find instantiated arguments to realise AKB2:

Arguments: al, a2, a3, a4, a5, a6
Attack Relations: att(al,a3), att(a3,al), att(a2,al), att(a4,a3),
att(a5,a2), att(a2,ad), att(a6,a4), att(a4,a6)

The result is a graph as in:

ale4—p 33
a2 a4
ab a6

Figure 2. Arguments and Relationships

Note that arguments al-a4 are clearly related to our earlier repre-
sentation of the relationships among statements in Figure 1, but that
a5 and a6 are not.

However, to find a5 and a6, we have some additional issues to
consider, in particular the argument trees of each of these arguments.
We consider the issues by example. a2 has as claim —p18, thus the
rebuttal a5 must have p18 as claim. In fact, we have an argument
by assertion for this claim: <{p18}, p18>. However, this has a
counterargument (derived by contraposition) as well as a counter-
counterarguments:

< {p6, p7, p8, p14, p10, !p6|!p7|!p8|p5, Ip14|p15, Ip10|p3,
1p5|!p15|!p1, p9, p19, 'p3|'p4|pl, p9|!p18|!p19|p4}, Ip18 >

Must we include, then, the whole argument tree for a5? However, we
observe that pl and !pl are used in this argument. If pl is in fact
asserted (given that is the argument we query), then this counterar-
gument to a5 (and the counter-counterargument) can no longer be
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generated, leaving a5 <{p18}, p18>. By the same token, we need
an argument to defend p15 from attack by argument a4; this is a6
< {p14,!14|15},p15 >

While these are remarks about what are required to have a AKB
suitable for reasoning with AFs, we leave to future research how this
is theoretically developed and implemented. In any case, adopting
these additional arguments gives more satisfactory results in terms
of AFs. The important point is that we must carefully consider what
results we might want with respect to AFs in order to create the ap-
propriate arguments and relations, then build into our argument gen-
erator the mechanisms to generate the arguments and relations, oth-
erwise the desired goal from the AF will not be achieved.

4 FROM INSTANTIATED ARGUMENTS TO AN
AF

Having generated an AKB of arguments and their relations, we can
input it to an abstract argumentation framework AF to calculate ex-
tensions. In this section, we review basic components of AFs, outline
results with respect to an implementation, and then discuss the re-
sults.

4.1 AFs

For our purposes, we consider the AF of [14], where there is one set
of undifferentiated objects, arguments, which are nodes in a graph
as well as one undifferentiated relationship between the nodes, the
attack relation, which can be represented as a graph in which attacks
are arcs between nodes representing the arguments (for related work,
see [8] [3], [10], among others).

Definition An argumentation framework AF is a pair < X, R >,
where X is a set of objects, {a1,az,...,an} and R is an attack
relation between objects. For (a;,a;) € R we say the the object a1
attacks object a>. We assume that no object attacks itself.

Some of the relevant auxiliary definitions are as follows, where S
is a subset of X'. There are a range of semantics, which are defini-
tions of extensions (sets) of arguments; we give only admissible and
preferred semantics:

Definition We say that p € X is acceptable with respect to S if
for every ¢ € X that attacks p there is some r € S that attacks
q. A subset, S, is conflict-free if no argument in S is attacked by
any other argument in S. A conflict-free set S is admissible if every
p € S is acceptable to S. A preferred extension is a maximal (w.r.t.
C) admissible set.

In the next section, we use the ASPARTIX system to generate ar-
gument extensions.

4.2 CALCULATING EXTENSIONS WITH
ASPARTIX

The ASPARTIX program computes extensions of argumentation
frameworks [17]." It is, then, very useful for our purposes, where
we have created arguments in relations and then wish to compute

15 We thank the ASPARTIX team, and particularly Sarah Gaggl, for mak-
ing the ASPARTIX system available to us. See http://www.dbai.
tuwien.ac.at/staff/gaggl/systempage/index.html.
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extensions. ASPARTIX is implemented in the answer set program-
ming language Disjunctive Datalog System (DLV).'® Using ASPAR-
TIX, one can compute any of the standard extensions for the classical
AF (following Dung) including admissible and preferred extensions.
Extensions for preference-based, value-based, and bipolar argumen-
tation frameworks can also be generated.

To run ASPARTIX, we input to the program a text file for the
AKB, containing the arguments and relations, as well as the desired
sort of extension. We used our previously defined AKB, which has
the arguments and attack relations:

arg(al) . att (a3, al)
arg(a2) . att (a2,al)
arg(a3) . att (a4, a3’3)
arg(a4) . att (a5, a2).
arg(ab) . att (a2, ab)
arg(ab6) . att (a6, a4)
att (al,a3). att (a4, a0)

ASPARTIX generates the following preferred extensions, where
in indicates that the argument is in the extension:

{in(al), in(ab), in(a6)}
{in(a2), in(a3), in(a6)}
{in(a3), in(ab5), in(a6)}
{in(al), in(a4), in(ab)}
{in(a2), in(ad)}

Such extensions which are generated by the AF we refer to as the
Argument Extensions Knowledge Base (AEKB).

This seems to be an attractive result. As we are only interested in
extensions with p/ and —p1, we will not look at {in(a2), in(a4)}. As a
remark, preferred extensions seem to be the argumentation correlate
to the notion normative positions of deontic logic [29], which are
maximal sets of consistent deontic expressions. In light of this, we
will call them policy positions.

5 Extracting Policy Positions

Our sets of arguments are an abstract representation of the contents of
the arguments themselves, which are comprised of literals and rules.
Thus, given the sets of arguments, we can extract the literals and
rules that are consistent and which represent the correlated linguis-
tic expressions of the policy positions. While we can reconstruct the
content of arguments al, a2, a3, and a4, the additional arguments
for a5 and a6 are less clear. We will suppose that these are, as we
suggested, generated as rebuttals.

Recall that our arguments are:

al: < {p10, p9, p18, p19, 'p10|p3, 'p9|!p18|!p19|p4,
p3|lp4|pl}, pl >

a2: < {p12,p13,!p12|!p13|!p18},!1p18 >

a3: < {pb6, p7, p8, p14, \p6|!p7|!p8|p5, Ip14|pl5,
Ip5|lp15|Ip1}, Ipl >

ad: < {pl6, !p16|'p15}, Ip15 >

aS: < {p18},pl18 >

a6: < {pl4, 14|15}, p15 >

Let us informally define a policy position (PP) as supports and
claims of all the arguments in the extension (we could do without
the claim, but in a sense, the objective is making explicit what is

16 See http://www.dbai.tuwien.ac.at/proj/dlv/.
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otherwise implicit and inferred). Formally, we have two functions:
F1 is a function on the extension such that it outputs the union of the
result of the application of F2 on every argument of the extension;
F2 is a function on arguments which outputs a set comprised of the
union of the support with the claim. We suppose these functions.
Furthermore, since we have sets, any redundancy is removed.

PPI: {p1, p4, p9, p10, p14, p15, p18, p19, 'p10|p3,
1p9|!p18|!p19|p4, 'p3|!p4|pl, Ip14|pl5}

PP2: {!p1, p5, p6, p7,p8, p12,p13, p14,pl5, Ip18,
1p12|!p13|!p18, 1p6|!p7|!p8|p5, p14|pl5, Ip5|!lpl5|!Ipl}

PP3: {Ip1, p5, p6, p7, p8, pl4, p15, p18, Ip6|!p7|!p8|p5,
Ip14|p15, Ip5|!1p15|Ipl}

PP4: {p1, p3, p4, p9, p10, !p15, p16, p18, p19, Ip10|p3,
1p9|!p18|!p19|p4, 'p3|!p4|pl, Ip16|!pl5}

The propositions and rules here correlate directly with the propo-
sitions and rules introduced in Section 2.1, so we can substitute them
here. We will put in the sentences and indicate the rules for PP2:

PP2 Sentences and Rules

'pl: No household should pay some tax for the household’s
garbage.

pS: If a household pays a tax for the households garbage then the
tax is unfair to the household.

p6: Every household should pay an equal portion of the sum of the
tax for the households garbage.

p7: No household which receives a benefit which is paid by a
council recycles the households garbage.

p8: Every household which does not receive a benefit which is
paid by a council supports a household which receives a benefit
which is paid by a council.

p12: Tom owns a company that recycles some garbage.

pl3: Every person who owns a company that recycles some
garbage earns some money from the garbage which is recycled.
pl4: Every supermarket creates some garbage.

p15: Every supermarket should pay a tax for the garbage that the
supermarket creates.

!p18: Tom is not an objective expert about recycling.

r4: [p12 A p13] — !p18

r5: [p5 A pl5] — pl

16: [p6 A p7 A p8] — p5

17: pl4 — pl5

This seems an accurate representation of this policy position from
the onset. While PP2 and PP4 seem acceptable representations of
policies.

5.1 CONSIDERATIONS

The policy positions of PP1 and PP3 seem to have some additional
superfluous information. For instance, PP1 contains the propositions
pl14 and pl5, which are propositions in the support of !pl, which it-
self is the rebuttal of the main point of PP1. Since other portions of
the support for !p1 do not hold, !p1 does not hold. Yet, it would seem,
in an intuitive argument, odd to have as part of one’s position state-
ments in support of the opposite point, even if these statements are
not inconsistent with one’s position. We see, then, that AFs overgen-
erate policy positions. In addition, the output sentences of the policy
positions are without discourse markers, so the relations among them
are unclear. We leave for future research just how to refine the results
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to generate all and only the policy positions that correlate with an
intuitive notion as well as how to use natural language generation
technology to provide well-formed, easy-to-understand output para-
graphs of the policy positions.

6 DISCUSSION

In this paper, we have shown how statements expressed in natural
language can be represented as a formal knowledge base of literals
and rules (LRKB), that the LRKB can be fed into a framework for
generating arguments and relations to create an knowledge base of
arguments (AKB), and then in turn, the AKB can be provided to an
AF to generate a set of extensions which is the knowledge base of
extensions of arguments (AEKB). The extensions we related to pol-
icy positions, which are consistent sets of statements and rules; we
represented the policy positions in terms of the underlying source
statements. At each point of the transformation, we discussed rele-
vant issues that arose.

The main novelty of our approach is that formal, implemented ap-
proaches to the syntax and semantics of natural language have been
used to develop the LRKB, that we have used implemented systems
for generating AKB and AEKB, and that we have identified some
important novel issues and problems for future research in the de-
velopment of the argument pipeline. In these respects, our approach
is distinct from similar work such as [5], [6], [26], and [38], where
disputes expressed in natural language are translated manually into
AKB and AEKB. While manual analysis can work, it does not ad-
dress the problem of the knowledge acquisition bottleneck, nor does
it make explicit, formal, or implemented the knowledge engineer’s
knowledge in making the analysis.

In addition to observations made in the considerations sections,
the work reported here does not discuss a range of other interesting
and relevant issues which we seek to address in the future. For in-
stance, we have left aside any issues relating to knowledge base or
context dynamics. Rather, as with classical logics, we have presumed
static knowledge bases and fixed contexts. This is entirely a strategic
move in order to pin down interesting issues about the static domain
per se which are also relevant to dynamic system and context. The
approach also emphasises dialectical argumentation such as found
in legal disputes, where there is one specific statement being argued
for and against and where we generate policy positions. There are,
as we know, a range of other dialogical modes and goals, e.g. de-
liberation, information gathering, and consensus building (see, for
example, [33]). Nonetheless, it all of these dialogues, it is fundamen-
tal to identify and work with difference and inconsistency, whether
to resolve it, eliminate it, or to adapt to it. Different dialogical modes
and goals may be thought of as different strategies to work with dif-
ference and inconsistency. Finally, the approach we have taken here
makes use of rhetorical relationships, e.g. premise, claim, and con-
tradiction, between statements that suit a literals and rules knowledge
base that is compatible with Propositional or First-order Logic. How-
ever, there are other rhetorical relationships that are relevant to dia-
logue and argumentation which ought to be incorporated into future
analysis and implementations (see [24], [22], and [30]).
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The <TextCoop> Platform: Analyzing argumentsin
procedural texts

Thomas De Filippo, Laureline Marsal, Patrick Saint-Dizier !

1 Introduction and Aims so that they look whiter. With some starch, they can be easily ironed.
In this text, the sequencén the bedroom, it is necessary to clean

<TextCoop> is an environment for text semantics analysis. In a firstcyrtainsis analyzed as a justification of the actions to undertake. The

experimental stage, it is dedicated to procedure processing for testext portion: These are cleaned first with a vacuum-cleaner to re-

ing and evaluation. Processing procedures has obviously major apnove dust, then, if they are in cotton, they can be washed in the wash-

plications. Besides instructions, procedures also contain a number ¢dg machine at 60 degreeis the instruction kernel, where the last

forms of explanation, in particular warnings and advice. Thereforejnstruction is associated with a condition. Finallythey are white,

our platform can also be used as a tool for argument mining. it is even recommended to add some bleech so that they look whiter.

The goal of this document is to show the current possibilities ofwith some starch, they can be easily ironade two subordinated
the software, version V2, in Java, after a proof of concept realizeg|auses, analyzed as being in the rhetorical relation advice to the ker-
two years ago in Perl, based on scripts (Delpech et al. 2008). nel instructions.

Procedural texts are organized sets of instructions, they may also aAnother example in parenthetical format (French gloss) is the fol-
be sets of advice, as in social behavior texts. In our perspective, prgowing:

cedural texts range from apparently simple cooking recipes to largg, ;. ..., The first step consists in opening the computer box, then
maintenance manuals. They also include documents as diverse gplace it on a large, clean surface,
teaching texts, medical notices, social behavior recommendations, ' [, ... where you have ample space to work comfortably,]

directions for use, assembly notices, do-it-yourself notices, itinerarynd then to withdraw all the cashes at the PC frpnt.
guides, advice texts, savoir-faire guides etc. Even if procedural texts A more complex case is:

adhere more or less to a number of structural criteria, which may [[coar To clean leathers, ]

depend on the author’s writing abilities and on traditions associate({iinstmmon choose specialized products dedicated to furniture,
with a given domain, we observed a very large variety of realisations, [advice [instruction @nd prefer them colorlegs

which makes parsing such texts quite challenging. [support they will play a protection role, add beauty, and

Procedural texts explain how to realize a certain goal by means dfepair some small damagg.

actions which may be temporally organized. Procedural texts can in- |n the framework of argumentatior; TextCoop> can be used as
deed be a simple, ordered list of instructions to reach a goal, but they simple but efficient and flexible argument mining system. This is

can also be less linear, outlining different ways to realize somethingrealized via the description of text patterns that describe the linguistic
withwarnings, advice, conditions, hypothesis, preferences. They alsgyycture of arguments.

often contain a number of recommendations and comments of vari-
ous sorts. The orgar_1izat_ior_1 of a procedura! text is in general mad? The software and the demo
visible by means of linguistic and typographic marks.

Research on procedural texts was initiated by works in psychol<TextCoop> analyses procedures (dedicated to installation, main-
ogy, cognitive ergonomics, and didactics, (Mortara et ali. 1988)tenance, production, etc. over various technical and large public do-
(Adam 1987), (Kosseim 2000) to cite just a few. Several facetsmains) in French and in English. Texts come either from the Web or
such as temporal and argumentative structures have then been siitem textual databases<TextCoop> identifies structures and tags
ject to general purpose investigations in linguistics, but they needhem in XML, in particular:
to be customized to this type of text. There is however very little |
work done in Computational Linguistics circles. The present work is
based on a preliminary experiment we carried out (Delpech et ali.,
07), (Aouladomar, 05) where a preliminary structure was proposed,
from corpus analysis. N

Let us now give an illustrative example (translated from French),
extracted from the 'Do-It-Yourself Home’ domain, to show how texts
are processedn the bedroom, itis necessary to clean curtains. These
are cleaned first with a vacuum-cleaner to remove dust, then, if they< TextCoop> is based on linguistic analysis, knowledge representa-
are in cotton, they can be washed in the washing machine at 60 ddlon and language processing. The environment is modular and flexi-

grees; if they are White’ it is even recommended to add some b|ee(9{e so thatitcan adapt to users’ needs and Specificities via tailored in-
terfaces. The linguistic interface allows for the specification of gram-

L IRIT-CNRS Toulouse France, email: sstdizier@irit.fr mar rules or patterns (supporting gaps representing finite sequences

Titles (goals of the text) and their structure, it also indexes titles
(similarly to a search engine),

Instructions and instructional compounds, temporal structure and
conditions,

Prerequisites (materials, tools, prior knowledge, etc.),
Explanation structures: advice, warnings, illustrations, hints, eval-
uations, etc.
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of symbols), and lexical and ontological data. It also includes mor- As reported in (Fontan et al. 2008), we carried out an indicative
phological analysis, and utilities such as web access, web page cleaavaluation on a corpus of 66 texts over various domains, containing
ing, and querying based on XML tags on the output structures. It i262 arguments. Those texts where manually annotated by a trained
being made compliant with current data representation norms, via itbnguist, and the results were then compared with the system output.

planned embedding into the UIMA framework. We get the following results for warnings:

The rules and patterns include terminal (triggers as well as
grammatical words like connectors) and non-terminal symbols conclusion | support | (3) | (4)
(refering in general to 'local grammars’, e.g. temporal expressions, recognition | recognition

instrument expressions, etc.). They also include gaps, standing for | 8% | 91% | 95% [ 95% |
finite strings of words of no present interest, XML tags (treated as
terminal elements), functions (for handling controls and for com- (3) conclusions well delimited (4) supports well delimited, with
puting attribute values for tags), and insertion point specificationsfespect to warnings correctly identified.

designed to insert annotations at precise places. Symbols may alsoVWe also carried out an indicative evaluation on the same corpus
be associated with attribute value structures to encode morpholog9f 66 texts containing 240 manually identified advice. We get the
syntax as well as semantic elements. An extraction rule for an advicllowing results for advice:

is, for example:

conclusion support 3) 4) (5)
recognition | recognition

begi n-mark, Pronoun, to be/nodal, adv,
ver b/ advi ce-exp, gap, end-nmark. | 79% | 84% | 92% | 91% | 91% |

as in:It's better to install a grounding electrode. The software demonstration will include:

We advise you to use a waterproof box. e Introduction to the software and its aims and functions,

e Automatic extraction of arguments (essentially warnings and ad-
vice) from procedural documents (technical and social) in French
and English, attendees can propose texts, discussion of results
(and errors),

e Introduction of new rules or patterns in the system to recognize
new semantic structures,

e Demonstration of the adequacy of interfaces, of the introduction of
domain knowledge (via an ontology), feedback from the audience,

e Automatic construction of a list of advice/warnings for a given
topic.

Similarly, for warnings, we have:

begi n-mark, it, is, adverb,
i mportant/ necessary/ conpul sory/ essenti al /
vital /fundanental, to, verb, gap, end-mark.

as in: It is very important to be aware of electrical grounding
safety.
It is important to wash your hands before entering the room.

<TextCoop> recently got a much more stable implementation us-  An example of output is given below in Fig. 2.
ing Java, and in particular we developed an engine based on JFLEX
and JCUP. This engine is based on an LALR(1) automaton th
we have adapted so that it can handle non-determinism and ga .EFERENCES
Interfaces (user and administrator) have been defined so that ifis Adam, J.M.,Types de Textes ou genres de Discours? Comment Classer les
quite easy, via some training, to describe patterns and lexical data Textes qui Disent De et Comment Fairangages, 141, pp. 10-27, 2001.

for various semantic recognition treatments. At the functional levef] Aouladomar, F., Saint-Dizier, PAn Exploration of the Diversity of Nat-
ural Argumentation in Instructional TextSth International Workshop on

<TextCoop> V.2 allows to (via customization): Computational Models of Natural Argument, IJCAI, Edinburgh, 2005.
. [3] Delpech, E., Murguia, E., Saint-Dizier, A, Two-Level Strategy for Pars-
e Index large volumes of written procedures and query your ing procedural TextsvSSTO7, Marrakech, October 2007.
database, [4] Fontan, L., Saint-Dizier, P., Analyzing the explanation structure of proce-
o Enrich procedures, and make some controls on their contents (e.g. dural texts: dealing with advice and Warnings, STEP conference, Venice,

i i i August 2008.
via business requirements), ! . .
. . . . 5] Kosseim, L., Lapalme, G.Choosing Rhetorical Structures to Plan In-
e Add useful information : list of tools, materials, etc., [5] ; P € ing ! ue

) - ) ) structional TextsComputational Intelligence, Blackwell, Boston, 2000.
¢ Develop advice and precautions to take for a given task, via dogé] Mortara Garavelli, B.Tipologia dei Testiin G. Hodus et al.: lexicon der
ment synthesis, romanistischen Linguistik, vol. IV, Tubingen, Niemeyer, 1988.

e Contribute to various types of applications, in particular risk anal/] $05}:‘e_rr I:I)'MStedell _M%USE)OTiZiEQ I-ITST f%r tge AutomagcoPrgttiucliiorgj of
. ; : ; echnical Manualsin R. Dale, E. Hovy, D. Rosner and O. Stock eds.,
ysis and prevention as detected from instructions. Aspects of Automated Natural Language Generation, Lecture Notes in

A typical XML output of <TextCoop> is given below in Fig. Artificial Intelligence, pp. 199-214, Springler-Verlag, 1992.

1. <TextCoop> can be viewed as the kernel of the system, to
which dedicated add-ons or plug-ins can be added to realize spe-
cific, application-oriented tasks. These confer a stronger value to this
system.

In terms of performances, we have at the moment the following
results. On a standard PC, windows XP, an average of 300Mo of
input texts is processed per hour, with a lexicon and ontology of a
few thousand terms and about 25 tagging patterns or rules. We give
below the performances for the major structures found in procedures.
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<instruction> <verb sem="action® Energize</verb> the Aircraft Electrical Circuits<tool> from the APU</tool>
<linstruction> <warning strength="normat®> Make sure that circuit breakers are closetivarning>. <instructiorn>
<temp-exp type="durative® During the tesk/temp-exp>, <verb type= "epistemic® obey </verb> the instructions
shown<loc> on the terminal</loc> </instruction> <instruction> <verb sem="action® Start </verb> the mod-
ule test</instruction> </explanation type="evaluation* The test is in progress asverb type="communication®
shown</verb> on the screen/explanation- <instruction type="check® Indication that test is OK comes into viey.
<linstruction> <instruction> <verb sem="action*> Close</verb> the OMS sessiorn/instructiorn>

Figurel. Extract of an annotated procedure

NaviTexte - Plate forme de navigation et visualisation textuelle

Fichiers  Configuration

B % @ wm | [

Ouvi Texte OVt Madule | s SuartCanfiquration

+ = ﬁ % Plein Ecran

Agrandi Dimiruer Greeking iisTa

Coloriags | Couleurs| textcoop entreteniPelouse | textcoop makrouts |

Wuenormale | Table des matieres | Pré-requis |

&

Textes répondant i la question

Une pelouse récemment semée est fragile et demande des soing particuliers durant les 6 premiers mois au moins . Voici
quelques conseils 4 suivre pour obtenir un gazon résistant et durable ...
Entretenir une pelouse Ia premiére annéq
Durant les 6 premiers mois
A laportée du jardinier débutant
Selon la surface a entretenir
Du printemps & la fin de 'automne en évitant les journées pluvieuses et les journées de gelées .
- Une tondeuse ,
- Un rateau ,
- Un balai a gazon ,
- Unrouleau ,
- Des arroseurs .
Un gazon récemment installé ne peut étre entretenu comme une pelouse ancienne .

e )  Petit & petit , arrosez moins fréquemment mais plus abondamment pour que |Dean pénéire la terre et favorise la eréation
[=h+{) Plateforme
[=+{3) textcoop entretenirPelouse
PS5 TextCoop
! —u [ le:
@ Table des matires
H @ Prérequis
[=l+{3) texteoop makrouts
(=) TextCaop
Lol Yue normale
@ Table des matires

L Pré-requis
pouvez utiliser un désherbant sélectif en prenant bien soin de choisir un produit spécial pour jeune gazon .. &
1 Modile charge - 2 Texteschargés - 6 iues créés

Fig. 2 Navitexte Output
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