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ABSTRACT

Personalisation is a fundamental aspect of Human-Robot Interac-
tion, as users tend to accept and engage more with robots that adapt
their behaviour to individual preferences. Prior work has mainly
focused on adapting behaviour to a single user. However, in many
real-world scenarios, robots must account for the preferences of
multiple users. This is particularly evident in assistive contexts,
where a robot should consider the preferences of the caregiver, who
possesses domain expertise regarding task execution, as well as
those of care recipients, who directly experience the interaction.
In such settings, these preferences may conflict. The overarching
goal of this work is to utilise Gradual Argumentation to resolve
multi-user preference conflicts in Human-Robot Interaction. Specif-
ically, we aim to make this framework adaptable and contestable,
allowing users to influence the robot’s decisions from feedback, and
making it adaptable over long-term interactions, where preferences
are dynamic and may evolve over time.
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1 INTRODUCTION

An essential feature of assistive, social, and collaborative robots
is their ability to autonomously adjust their behaviour according
to the preferences, needs, and conditions of the humans they are
interacting with [22]. Several studies in the field of Human-Robot
Interaction (HRI) have focused on personalising these interactions
in real-world settings, proving that it can improve engagement and
foster trust and rapport [4, 5, 10, 35, 38].

Despite its promising potential, we identified 4 main research
gaps in the literature, which we aim to address in our work:

1. Limitation to single-user contexts: Most research in HRI has
focused on personalising the robot behaviour to a single user [19],

Proc. of the 25th International Conference on Autonomous Agents and Multiagent Systems
(AAMAS 2026), C. Amato, L. Dennis, V. Mascardi, J. Thangarajah (eds.), May 25 — 29,
2026, Paphos, Cyprus. © 2026 International Foundation for Autonomous Agents and
Multiagent Systems (www.ifaamas.org). https://doi.org/10.65109/TBUZ5275

This work is licensed under a Creative Commons Attribution Inter-
national 4.0 License.

4047

GRADUAL

USERS MODELS

DECISION

ARGUMENTATION
Preferences FRAMEWORK ®
Arguments ® 6 >0
Base Scores % b

BASE SCORE Arg (c): User is tired
EXTRACTION CONTEXTUAL
INFORMATION

A

5 °
= c O N
28 g ) User is moving slowly
25 g3 ROBOT TASK
€ LR OBSERVATIONS
: v
USERS FEEDBACK EXPLANATION
179
New Preferences » RQ.4 CONTESTABILITY @ ‘}Qﬂ
New Arguments N a

Challenge Decision

Figure 1: An overview of our robotic argumentation-based
framework that resolves preference conflicts from modelled
information of the users, explains its decisions, and learns
from user feedback.

while neglecting scenarios where multiple stakeholders are in-
volved in the robot’s decision-making. For instance, in the assistive
domain, robots must account not only for patients’ preferences, but
also for those of multiple caregivers and therapists [36].

2. Difficulty in adapting to changing preferences: Traditional data-
driven methods for personalisation in HRI often need large amounts
of data to learn an optimal behaviour. Considering that preferences
are not static and might change over time, these methods require
the model to be retrained, for which more data is needed [11, 24].

3. Misalignment Between Qualitative Human Preferences and Quan-
titative Models: Standard decision-making frameworks in HRI rely
on optimising single, pre-defined metrics (e.g., cost, engagement)
to make decisions. This often forces complex, multi-dimensional
human values, such as balancing a user’s engagement with their
success rate in a learning task, to be merged into a single scalar
value [29]. While multi-agent and game-theoretic approaches of-
fer structured conflict resolution [8, 23, 33], they require complete,
quantitative utility functions for all parties. Human preferences,
however, are often subjective and fundamentally qualitative. This
mismatch strips away the nuanced reasoning behind preferences
and prevents systems from providing intuitive, human-aligned ex-
planations for their choices.
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4. Opacity and lack of transparency: The ‘black-box’ nature of
many data-driven models makes it difficult to explain why a par-
ticular decision was made [21]. This opacity hinders a system’s
influencibility: if users cannot understand a decision, they cannot
provide feedback to correct or improve it. This creates a barrier to
creating adaptive and transparent human-robot partnerships.

Our work is based on Argumentation Frameworks (AFs) [18],
which are suitable to resolve preference conflicts. In fact, they offer
a structured method to determine a reasonable decision by evaluat-
ing the arguments provided [2]. In particular, we employ Gradual
Argumentation Frameworks (GAFs) [1], in which each argument
is assigned a numerical weight, referred to as a base score. By as-
signing the base scores, we can align the decision-making towards
a more adaptive system according to users’ preferences.

To fill the mentioned gaps, we aim to address the following
research questions:

RQ.1 Can we develop a framework for robots to provide personalised
interactions according to multiple users’ preferences, handling
and solving any possible conflicts that may arise?

RQ.2 How can we model the users’ preferences, reasons, and contex-
tual information to fit in such a framework?

RQ.3 How can we elicit and understand the user’s knowledge, and

which methods are suitable to actively update their models?

Which explanations must the robot provide to allow users to

effectively influence its decision-making?

RQ.4

2 METHODOLOGY

Our framework, illustrated in Fig. 1, is structured to address the
four research questions outlined in the introduction. Here, we detail
our contributions to date and outline our planned future work.

RQ.1 Conflict Resolution: In assistive scenarios involving multiple
stakeholders (e.g., patients, caregivers), their preferences can con-
flict. A caregiver may advocate for more exercise, while a patient
may resist. Robots in these settings require tools to resolve such
conflicts fairly, as their decisions impact all involved. Furthermore,
user preferences and environmental context are dynamic, requiring
arobot’s decision-making to be effectively adaptable over time with-
out costly retraining. Research in Argumentation Frameworks has
mainly focused on resolving conflicts [3, 20], but very few works
in GAFs have done it [31]. Specifically, their application in HRI
for dynamic, multi-user conflict resolution remains underexplored,
since standard argumentation models are not explicitly designed
to incorporate real-time and sequential contextual observations.
To that extent, we proposed a framework that considers multiple
users’ arguments, their reasons, and robot observations of the en-
vironment as arguments, and generates a GAF accordingly. This
framework allows for inserting new arguments or modifying the
existing ones without the need for retraining. The decision is based
on the final strength of the arguments. We validated the framework
theoretically and through a use case in which an assistive robot
performs frailty assessments in older adults [14].

RQ.2 Knowledge Representation: To personalise decisions, a robot
must quantify the importance (base score) a user assigns to different
arguments. Standard GAFs provide no mechanism to derive these
personalised scores from individual user data. In most GAFs appli-
cations, base scores are set heuristically or derived from aggregate
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data, such as votes in debates [17, 32] or product reviews for recom-
mendation systems [16]. These methods do not capture individual
user models. We propose Base Score Extraction Functions (BSEFs)
to bridge this gap [15]. BSEFs provide a formal method to translate
a single user’s stated ordinal preferences over arguments into the
quantitative base scores required by the argumentation framework,
enabling true personalisation of the robot’s reasoning model.

3 FUTURE DIRECTIONS

RQ.3 Active Learning: Users prefer to interact with robots using nat-
ural language, especially older adults [9]. Large Language Models
have endowed robots with the capability to understand the users,
the context, and to provide natural interactions accordingly [25].
That technology is suitable for our framework, since it allows us
to proactively elicit users’ preferences and their reasons, and to
understand the user feedback when they challenge the robot’s de-
cisions. The current literature has focused on directly asking the
user’s preferences towards how a task must be performed [28] or
the preferences have been learned implicitly from the user’s in-
put [30, 37]. We aim to develop an agentic system in charge of
proactively eliciting a user’s preference and their reasons, and to
interpret the possible feedback they might provide. Feedback can
be in the form of new arguments, contradicting the robot’s decision,
or correcting the robot’s user model, such as clarifying the argu-
ments’ importance [26, 39]. These latter forms of feedback must be
interpreted to properly update the user base scores, to have a more
accurate user model. Therefore, we will also develop a method that,
when the user corrects the robot, it will update the user base scores
accordingly, without the need to retrain a data-driven model.

RQ.4 Contestability: Robots must explain their decisions in a man-
ner that users can clearly understand them, so they can provide
explicit feedback to influence the robot’s decisions or beliefs [27, 34].
Existing literature has focused on explaining the influence of argu-
ments or relations on the strength of another argument [40, 42], or
even counter-factual explanations to determine the direction and
magnitude an argument must change to achieve a desired goal [41].
It is required to convert these explanations into natural language to
foster understanding. Such explanations must be sufficient so that
users can influence the robot’s decisions. Our goal is to develop
a system that can generate such explanations. Furthermore, since
the arguments’ final strength computation is linearly complex, it is
possible to rapidly determine how changes in the framework will
affect future decisions. Therefore, the robot can proactively warn
the user of future decisions and wait for confirmation.

User Studies: We plan to validate all the frameworks and methods
by performing user studies in assistive scenarios, since we are work-
ing closely with healthcare partners in Barcelona. These scenarios
include: robots that perform frailty assessments in older adults,
which we already implemented [12, 13], robots that feed people
who cannot eat autonomously [6], and robots at home [7].
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