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Abstract

My work seeks to bridge the gap between
NLP and computational argumentation in or-
der to reason about the validity of online argu-
ments. In order to do so, we wish to leverage
commonsense knowledge to reveal implicit lex-
ical and logical inferences and improve reason-
ing in the presence of enthymemes. We do this
with the vision of building an argumentative
dialogue agent to help with question answering
and elaboration, particularly in the domain of
online reviews. This agent will be composed
of two components: (i) argument understand-
ing, to extract and build bipolar argumentation
frameworks from text, and (ii) argument gener-
ation, to identify relevant and valid arguments
to provide to the user based on their input.

1 Introduction

Individuals create and share content online more than
ever. Processing such large amounts of data and mak-
ing sense out of it is a challenging problem. Artificial
Intelligence (AI) techniques are useful to address such
challenges. Many example AI systems are successful
in helping users to achieve their tasks. However, cur-
rent AI systems are far from trustworthy AI systems
that the users need. We focus on human-centered
AI systems that should be: (i) transparent in provid-
ing rationales underlying their recommendations, (ii)
fair in providing all possible outcomes instead of one
most likely outcome, (iii) adaptive to the inputs pro-
vided by their users while capturing the contextual

information needed.

Our vision is to build an AI system, shown in
Figure 1, that will analyze data from heterogeneous
information sources to answer a specific query of
the user about a product, book, movie and so on.
The system will provide various opinions by display-
ing supporting or attacking arguments as justifica-
tions. For this, we will be using Argument Min-
ing techniques to extract arguments and the rela-
tions among them (support or attack) from natural
language text (Argument Understanding). We will
then use Computational Argumentation techniques
in order to evaluate and generate relevant arguments
based on user input. Such an approach will be used
to evaluate the strength and validity of arguments
within the discourse at large. Finally, the system
will be able to provide personalized explanations to
the user based on the obtained argumentation graph
while giving an option to the user to choose between
options (Argument Generation).

Computational argumentation has been applied in
AI and multi-agent systems as a formal approach
to reasoning with evidence, where evidence is rep-
resented in terms of arguments for and against
conclusions. One big challenge in this domain is
the automatic discovery of arguments and the re-
lationships among them in unstructured text. Our
work so far has focused on the relation classi-
fication component of our system which will be
used to construct abstract argumentation frame-
works [Saadat-Yazdi et al., 2022].

Identifying argumentative relationships often re-
quires the ability to make implicit inferences, draw
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Figure 1: Our vision for the complete argumentative agent describing the elements of the understanding and
generation components.

from domain knowledge and/or identify sarcasm and
irony. Our work seeks to alleviate the most preva-
lent of these challenges, the need to make infer-
ences in the face of incomplete arguments. Some
recent works have identified the role that explicit
knowledge could play in identifying these relations.
[Abels et al., 2021] provides an example of this ap-
proach where a long short-term memory (LSTM) is
used to compute representations of relevant paths in
the Wikidata knowledge graph that links the two ar-
guments at hand. The authors find that this signifi-
cantly improves the accuracy of the models on argu-
ment mining tasks. Similarly, [Fromm et al., 2019],
shows that context cues derived from Wikipedia
based knowledge graphs and pretrained transformers
provide useful signals for relational argument mining.

The works mentioned above explore the role of
fact-based knowledge graphs, which contain informa-
tion about entities and their relationships. While
this is useful for providing contextual information
to the model, it does not necessarily clarify the
implicit inferences made by humans in their argu-
ments. For example, the argument “Jack seemed
tired this morning”, supports the argument “he was
up all-night doing homework” given the inference
step “up all night” ⇒ “Jack is tired”, where X ⇒ Y
means the argument X implies the argument Y (i.e.,
logical implication). Yet this implication would not
be found in a fact-based knowledge graph such as
Wikidata or DBPedia. Even if such an implication

exists in a knowledge base, it is unclear if the impli-
cation would be valid for a specific context.

2 Method

2.1 Current Work

My work has so far focused on the role of common-
sense knowledge in the identification of attack and
support relations between arguments. In particu-
lar my supervisory team and I have investigated the
role of the commonsense knowledge graph, ATOMIC
[Sap et al., 2019], in providing useful knowledge to
our models. Alongside this, we designed a novel
model architecture to incorporate external common-
sense knowledge with a pre-trained language model
for relation classification [Saadat-Yazdi et al., 2022],
see Figure 2.

We developed three methods for extracting knowl-
edge from ATOMIC:

1. Extracting knowledge directly based on the in-
put arguments (ATOMIC),

2. Using a transformer model trained on ATOMIC,
to generate knowledge based on the in-
put (COMET),

3. Enhancing the above model with link predic-
tion (COMET+LINK).
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The use of transformers to generate commonsense
knowledge is described in [Hwang et al., 2021] which
introduces the COMET model used in our work.
However, in contrast with existing work, ours intro-
duces a novel approach to generate multi-hop knowl-
edge that connects separate arguments together by
a thread of reasoning. This is something we wish to
explore further in future works.
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Figure 2: Architecture of the model we used for argu-
ment relation classification with external knowledge.

2.2 Computational Argumentation

Alongside further advancing the work of relation clas-
sification, I wish to begin work on more theoretical
aspects of argumentation, that is the Argument Gen-
eration component as depicted in Figure 1. Com-
putational argumentation provides a solid founda-
tion upon which we wish to build our system, due
to its ability to reason about uncertainty and ex-
plicitly model conflicts. In particular, the semantics
described in [Amgoud and Ben-Naim, 2018], which
provides a weighted semantics for bipolar argumen-
tation frameworks (BAFs), and [Baier et al., 2021],
which provides an analysis of probabilistic seman-
tics of abstract argumentation frameworks and their
properties, provide solutions to integrating uncer-
tainty about arguments into our system. This is es-

sential given that the outputs of our argument un-
derstanding components are probabilistic in nature.

The notion of augmenting argumentation frame-
works with background knowledge has recently be-
gan gaining popularity. Argumentation Knowledge
Graphs [Al-Khatib et al., 2020] are a proposed struc-
ture to capture the dialectical relationships of various
arguments while grounding the entities mentioned in
the real world. This approach could prove useful
when additional background knowledge is needed to
explain to users why one argument attacks/supports
another. We hope that this would allow the agent to
have more natural conversations with users by draw-
ing on the external knowledge when necessary.

The aforementioned aspects of our system are
purely symbolic, and would in fact be data inde-
pendent. This would allow us to separate the data-
intensive NLP aspects of our work from the sym-
bolic manipulations. The benefits of this are twofold:
firstly, the symbolic manipulations allow for the in-
terpretation of our system’s inner reasoning mecha-
nisms, and second, these components can be trans-
ferred across domains and even languages, requiring
only the retraining of NLP components.

Once relevant arguments have been identified by
aggregating relevance measures with argumentative
semantics, the agent will be required to paraphrase
the text to fit within the context of the conversation
being had with the user. This kind of conditional
paraphrasing is understudied in NLP domain and so
we would like to carry out a feasibility study to de-
termine whether or not a working solution can be
designed given existing technologies.

The evaluation of our system will pose a challenge
given the lack of data and ambiguity of what are con-
sidered valid, persuasive and appropriate arguments.
While there is some work in this regard for automatic
argument evaluation as well as automatic measures
of dialogue quality, user studies will be necessary to
evaluate the performance of our system in real-world
settings. We aim to carry out our user studies in
the context of online reviews, where the user can ask
about various aspects of a product and be provided
with arguments in support or against the product
based on existing reviews. Our system would also
allow users to explore why a certain response was
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given by exploring portions of the the Argumenta-
tion Knowledge Graph. We will measure the quality,
usefulness and transparency of our system in helping
users make decisions about online purchases.

3 Discussion

In our paper [Saadat-Yazdi et al., 2022], we com-
pared [Paul et al., 2020]. The previous work uses
LSTM models to integrate commonsense knowledge
extracted from ConceptNet into a relation classifica-
tion model. We show that BERT with additional
knowledge performs exceptionally well, benefiting
greatly from the introduction of ATOMIC knowledge.
Our approach was found to give significant improve-
ments to the state-of-the-art on the two datasets,
Debatepedia [Paul et al., 2020] and Student Essay
[Opitz and Frank, 2019]. We found that the addi-
tion of the transformer generated knowledge into our
model improved significantly upon a BERT baseline.

Our analysis also emphasised that while knowledge
can be useful, all the knowledge extraction methods
we used are prone to making invalid or counterfac-
tual logical connections between arguments. In order
to build useful explanations of implicit links between
arguments, in future work, I wish to explore more
robust methods that rely on natural language infer-
ence.

The dialogical aspects of our system will
build off of [Chalaguine and Hunter, 2021] and
[Hadoux et al., 2021] where an agent is created to
choose suitable arguments from a bipolar argumenta-
tion framework to respond to a user’s queries; these
responses are conditioned on models of the user’s
beliefs and preferences in order to offer more per-
suasive answers. The BAFs used in these works
are constructed by crowdsourcing arguments from
a large number of participants. A similar work,
[Kökciyan et al., 2021], applies metalevel argumenta-
tion frameworks to identify possible treatment plans
for patients based on their preferences and needs in
a text-based format. A key difference between our
desired system and these works is that the use of
NLP to construct the argumentation frameworks au-
tomatically. The latter work provides an initial step

towards this by using a rule-based system to mine
arguments from government health websites and to
develop an argumentation-based chatbot to commu-
nicate with the user in a semi-structured manner. By
combining these ideas with our existing work on ar-
gument mining, we hope to implement argumenta-
tive chatbots that draw knowledge from automati-
cally constructed argumentative knowledge graphs in
order to help users make decisions about product re-
views, medical treatment, business decisions etc. . . .

4 Conclusion

In this paper I have described our vision for a ar-
gumentative agent which can construct bipolar ar-
gumentation frameworks from the web and use this
as a source of knowledge to engage in a conversation
with users. Beginning with the relation classification
component, I have outlined our findings on improving
commonsense reasoning for relational argument min-
ing using generated knowledge and described some of
the key limitations of this approach. In addition to
this, I have discussed next steps on improving this
component as well as theoretical research questions
we wish to address once we begin constructing bipo-
lar argumentation frameworks.

My work up until this point has focused exclusively
on arguments that appear in the same context; i.e.,
within a single essay or debate. However, it is of-
ten useful to identify argumentative relations from
different contexts, e.g. tweets that do not belong in
the same conversation. I also have not addressed the
classification of neutral relations between arguments
in the same context. This is a necessary aspect in
argument extraction, where the argumentative sen-
tences are not known in advance. These are problems
which I wish to address in future work.
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