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ABSTRACT

Current systems based on large language models (LLMs) provide
useful but hardly auditable answers for drawing conclusions about
clinical problems based on patient histories: it is difficult to know
which evidence supports each conclusion and how alternatives
were discarded. In this thesis, I propose a theoretical approach to
computational argumentation orchestrated by a multiagent system
in the medical domain: specialized agents capable of retrieving
medical evidence, which build and evaluate argument graphs with
support/attack relations and deliver traceable justifications along-
side the answers. The goal is to improve verifiability, robustness
and usefulness in transversal clinical tasks (e.g., medication recon-
ciliation, treatment selection, indication of tests).
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1 INTRODUCTION

Modern clinical decision making requires integrating and assess-
ing evidence scattered across electronic health records, guidelines,
reports and scientific literature. In this context, multiagent systems
(MAS) have emerged as a solution to orchestrate perception, rea-
soning and communication capabilities among specialized compo-
nents, with applications ranging from diagnostic support to ther-
apeutic recommendations and monitoring [19]. However, beyond
answering fluently, decision support systems must justify why one
clinical hypothesis prevails over its alternatives, leaving a clear trail
of the evidence considered and the counterevidence discarded.
Despite great advances in clinical information extraction [9]
and automatic report generation [11], a gap remains: the absence
of end-to-end systems that systematically integrate retrieval, nor-
malization and computational argumentation within coordinated
multiagent architectures, with formal acceptability semantics and
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metrics that assess argument quality in addition to textual quality
(ROUGE, BLEU, BERTScore) [11, 15, 24]. In the field of explainability
(XAI), attribution methods such as LIME, SHAP or CAM/Grad-CAM
[13, 16, 18, 25], make it possible to visualize which features influ-
ence a model’s output, but they focus on individual models and
not on the process of deliberation or justification across clinical
evidence. In contrast to such post-hoc explainability, computational
argumentation aims to provide explicit reasoning that connects
premises, counterarguments and conclusions in a verifiable and
traceable way. There are proposals of linked argumentation graphs
for multidisciplinary decision support [22], but their systematic in-
tegration with MAS, comparative evaluation and fine-grained trace-
ability (claim—evidence—conclusion) remain poorly standardized.
What is missing, in particular, is (i) a functional decomposition
into specialized agent roles that makes the inner steps of delibera-
tion—including support, attack, and exceptions,fully observable, (ii)
formal criteria to evaluate and select sets of arguments by weight-
ing clinical evidence levels, allowing the system to resolve conflicts
through principled, transparent preference relations, and (iii) a
standard set of metrics and a reproducible evaluation protocol to
compare systems in transversal clinical tasks. In parallel, classical
clinical MAS have emerged [19], argumentation-based XAI frame-
works [2] and MAS proposals with ethical governance [5], as well
as LLM-based agents such as MedAgents [7] or Agent Hospital [10].
This thesis proposes a multiagent architecture centered on argu-
ment graphs, with specialized agents for retrieval/normalization,
construction, evaluation and verification, coordinated by an or-
chestrator, can improve the auditability, robustness and clinical
usefulness of recommendations. The planned doctoral contribution
is mainly theoretical and is structured in three objectives: (i) to for-
mally define an argumentation-centred multiagent architecture and
its associated formalisms; (ii) to develop a minimal set of argument-
quality metrics and an evaluation protocol that go beyond purely
textual aspects; and (iii) to theoretically and empirically validate
the proposed system on representative clinical scenarios.

2 CONTEXT AND GAP

Our work lies at the intersection of three lines of research, focusing
on multi-agent systems in which agents are driven by large lan-
guage models (LLMs): multiagent systems (MAS) for supporting
clinical decision making, explainability and justification techniques
in Al and computational argumentation applied to medicine. As
hinted in the introduction, partial solutions already exist in each
area; this section provides a more structured synthesis of their con-
tributions and remaining gaps, as a step toward converging on an
integrated architecture for argumentative clinical reasoning.
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2.1 Multiagent Systems in Clinical Settings

Multiagent systems (MAS) have been used in Clinical Decision Sup-
port (CDS) to manage distributed knowledge (records, guidelines,
literature) and integrate different sources of information and reason-
ing. Classical architectures combine supervisor agents, cognitive
agents and rule-based reasoning modules for diagnosis, treatment
and monitoring in constrained domains [15]. However, the way
in which evidence is combined and prioritized is usually encoded
implicitly in internal rules or heuristics, without an explicit repre-
sentation of arguments and counterarguments or formal criteria
for selecting warranted conclusions.

2.2 Computational Argumentation and
Explainable AI

Computational argumentation provides the formal machinery to
model defeasible reasoning and decisions under conflicting evi-
dence. Dung’s abstract frameworks and structured extensions such
as ASPIC+ allow defining acceptability of arguments under dif-
ferent semantics and managing relations of support and attack
[1, 6, 14]. In medicine, these frameworks have been applied to the
justification of diagnoses, the evaluation of treatments and the rec-
onciliation of guidelines, and they have been specifically adapted
to explain medical decisions [3, 12]. XAI has developed attribution
techniques (LIME, SHAP, CAM/Grad-CAM) and intrinsically in-
terpretable models, useful for identifying which features influence
a prediction, but focused on individual models and without cap-
turing deliberation processes across clinical evidence. To improve
traceability and structure of reasoning, combinations of informa-
tion extraction, ontologies and knowledge graphs have been com-
bined with argumentative reasoning [4, 17, 20], as well as hybrid
architectures that integrate retrieval-augmented generation (RAG),
knowledge graphs and systematic evaluation of clinical QA systems
[8, 21, 23]. Despite these advances, three key gaps persist: (i) there
is no end-to-end architecture that, within a MAS, connects in a
distributed way evidence retrieval, semantic normalization (e.g.,
via knowledge graphs) and the construction and evaluation of ar-
gument graphs; (ii) there are no shared metrics and benchmarks to
systematically measure argument quality. This is especially impor-
tant in the medical domain, where “good” arguments can be judged
from different perspectives, such as strength of evidence, alignment
with clinical guidelines, safety/risk, and patient preferences; and
(iii) even LLM-based agents that offer textual explanations rarely
make explicit the relations of attack and support or the reasons
why certain clinical hypotheses prevail over others.

3 DOCTORAL PROPOSAL

The proposed doctoral thesis addresses the need for clinical de-
cision support systems with traceable, intrinsic justification by
designing, implementing, and evaluating a MAS architecture with
LLM-based agents, centered on computational argumentation, in
which LLMs are used to interpret clinical evidence and produce
explicit arguments and counterarguments.
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3.1 Multiagent Architecture for Clinical

Argumentation

We propose a MAS architecture that decomposes the end-to-end
process of generating justifications into specialized roles. Evidence
will be formalized through a Clinical Knowledge Graph (CKG),
which acts as the repository of structured knowledge. Orchestra-
tor Agent. Coordinates the interaction, receives the initial clinical
query and launches the deliberation. It manages the life cycle of
the argumentative justification until a stable state of acceptabil-
ity is reached. Retrieval Agent. Specializes in retrieving relevant
evidence from clinical records and literature, and in its semantic
standardization by building or mapping the extracted information to
the CKG, which is essential to reduce ambiguity and ensure consis-
tent, interoperable representations that support reliable reasoning
and traceable links from conclusions back to sources. Argument
Construction Agent. Generates claims, supporting arguments,
and counterarguments by transforming structured facts from the
knowledge graph into a first-pass argument graph (argumentation
framework). Evaluation and Verification Agent. Applies the
formal acceptability semantics of computational argumentation
to determine which arguments are supported, and computes the
proposed argument quality metrics.

3.2 Research Objectives and Plan

The thesis is structured around the following three objectives, which
define the theoretical and practical contributions. Objective 1: Def-
inition of the Architecture and Formalisms. Formally define
the MAS architecture and the interaction specifications between
agents (i.e., roles, message types, and coordination rules). This in-
cludes the design of an argument representation scheme adapted
to the clinical domain, which will be compatible with and derivable
from the Clinical Knowledge Graph (e.g., a simplified Toulmin or
ASPIC* type scheme), and the selection of an acceptability seman-
tics (for example, grounded or preferred) that guarantees stability
and traceability of the justification. Objective 2: Development of
Metrics and Evaluation Protocol. Propose a core set of metrics
to evaluate reasoning quality (beyond textual quality), including
acceptability, traceability and the system’s ability to identify and
address counterarguments, and and robustness to small changes
in evidence. Objective 3: Experimental and Comparative Vali-
dation. Investigate and demonstrate the fundamental properties
of the proposed system: that it terminates in a finite number of
steps; the conditions under which it returns a recommendation
with a warranted justification; and the conditions under which it
cannot reach an acceptable conclusion (e.g., strongly contradictory
evidence or lack of data).
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