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Short summary:

Smart homes are new living environments in which connected devices and dedicated apps provide tailored
services, which are particularly beneficial for older adults and/or those with care needs. In addition, a variety
of people may interact with the occupants of the smart home, such as a home health aide, a nurse, or family
members, for example. These various actors—both human and artificial—form a team whose common goal
is to ensure the physical and mental well-being of the residents. However, information from different sources
and applications must be managed and used in an integrated manner. The idea of this thesis is to use software
agents as mediators to ensure quality and enable the actors' collaboration in the combined use of different
applications in a smart home environment.

Brief description of the research group / host laboratory:

This thesis will be conducted within the Computer Science Department of the Laboratory of Automation,
Mechanics, and Industrial and Human Computer Science (LAMIH, UMR CNRS 8201). The Computer
Science Department of this laboratory has 32 permanent members. It is organized into three research themes:
Human-Machine Interaction, Reasoning, and Agents (InterA), Operations Research (OR), and Security,
Systems, and Data (SSD). This thesis will be conducted within the team working on the InterA research theme,
one of whose main scientific objectives is the design and evaluation of innovative interactive systems for
smart environments (smart buildings, homes, or cities), in which interaction extends beyond the traditional
screen-based framework to permeate the physical space through the Internet of Things (loT). Designing
applications for these smart environments requires integrating various fields, such as software engineering,
human-computer interaction, and artificial intelligence.

1. Description of the Ph.D. proposal

1.1 Context (and scenarios if any)

Smart homes are modern environments that combine cutting-edge technology, such as internet-connected
devices and artificial intelligence systems. These environments allow for the continuous collection of data
through sensors and applications, creating a scenario that interprets the information and responds to the
residents’ needs. This technology has proven useful in healthcare contexts, such as elderly care, health
monitoring, and home assistance [1][7].

Through technological advancements, it has become possible to create systems that identify personal
activities, are able to understand situations, and automatically adjust the functioning of the house according to
the residents' needs through Machine Learning techniques [9][27]. Furthermore, the use of architectures that
utilize shared processing and edge computing has improved both the system's response speed and the
protection of user privacy [35][38].

However, most of these approaches still focus predominantly on sensory data, treating the user as a passive
agent. This represents a challenge, as these solutions are limited by not considering that real home
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environments involve multiple human actors, such as family members, caregivers, and healthcare

professionals. The absence of effective mechanisms to integrate these different sources of knowledge

compromises the ability of these systems to interpret complex and contextual situations [9].

The increasing collaboration between humans and artificial intelligence (Al) has transformed the role of
intelligent systems, which are no longer merely tools but are taking on a more active role in decision-making
[11][31][17]. For this context to function, humans and artificial agents need to share objectives, information,
and responsibilities, creating the need for mechanisms that promote coordination, communication, and the
construction of a shared understanding. Trust, explainability, and alignment with human preferences emerge
as essential aspects for the success of these interactions [21][4]. However, the integration of these dimensions
in smart homes is still limited due to two main challenges: the difficulty of combining heterogeneous
information from sensors and human observations into meaningful knowledge, and the lack of support for
collective reasoning in teams composed of multiple human and artificial actors.

In a hypothetical scenario, for instance, a resident of a smart home spends more time than usual watching
television and eats less than normal. Some of this information can be captured automatically by sensors, while
other parts can be observed by family members. On their own, this information may seem vague, but when
combined, it can signify a critical change in the individual's health status, such as the onset of depression or a
functional decline. Other scenarios can illustrate this need for integration:

e Medication reminder - the system detects that medication was not taken at the correct time. Considering
the time a family member reports frequent forgetfulness, this combination may indicate the need for
professional intervention.

e Social isolation - devices indicate low interaction with the environment, while family members perceive
social isolation behavior: together, these observations may suggest interventions to improve the resident's
sociability.

e Interest mediation: several users - for example, an elderly person and their caregiver - have different
preferences regarding tastes, for example: temperature, diet or routines; the system must mediate these
decisions in a balanced and fair way.

Therefore, the need for a system capable of integrating, interpreting and mediating information resulting
from multiple actors, both human and artificial, supporting decision-making processes that are collaborative,
adaptive and centered on the user's needs in smart home environments becomes evident.

1.2 Problem Statement and Objective

The challenge lies in gathering information from multiple sources, identifying relevant data, and using it to
support reasoning in order to ensure the quality of application services provided to individuals living in smart
home environments.

The objective of this research is to design a software solution that acts as a mediating agent, supporting
collaboration within a team composed of both human and artificial agents. This mediating agent will more
specifically support the integration of heterogeneous information, facilitate collective reasoning between
human and artificial agents, and assist in resolving potential conflicts or inconsistencies in decision-making.

1.3 Brief Overview of the State of the Art
1.3.1 Smart Homes

The advancement of smart environments, such as smart homes, has been driven in recent years by the
confluence of Artificial Intelligence (Al), the Internet of Things (loT), and distributed systems. Such
environments are characterized by the presence of data from disparate sources, such as sensors, connected
devices, and human interactions, which allow for the personalization of services, especially in assistance and
care contexts. However, the integration and coordinated interpretation of this evidence to support relevant and
contextualized decisions proves to be a challenge [7][2].

Recent studies show that previous methods, such as reactive approaches to context analysis and user
behavior, have evolved into systems based on Al and especially machine learning, for activity recognition for
instance [1][27]. In addition, recent research demonstrates a significant improvement in the efficiency,
responsiveness, and privacy of these environments when using data-driven architectures and edge computing
[38][35]. However, the vast majority of work in the field focuses only on sensor-derived data, neglecting
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systematic human interaction [9], which reduces the ability of these systems to capture complex behavioral
nuances, particularly in health and well-being scenarios.

1.3.2 Human-AlI team collaboration

Human-Al collaboration has been mostly studied from a tool-based perspective, using Al in decision-making
support or assistive technology, with a recent paradigm shift to consider Al acting primarily as an active
partner in collaborative processes [40][42][17]. Critical factors such as trust, transparency, explainability, and
alignment with human preferences are emphasized by recent research [21][10]. Furthermore, the ability of
these systems to adapt to the context and user demands is fundamental to ensuring effective collaboration [4].
However, most scientific production is still centered on individual interactions between one human and one
Al system, restricting scenarios that explore human interaction with multiple artificial agents synchronously.
The concept of human-Al teaming expands collaboration by considering humans and artificial agents as
members of the same group, with shared goals, responsibilities, and context [11][49]. Recent research
emphasizes the relevance of shared mental models, effective communication, and dynamic coordination
[31][48]. Emerging approaches present the idea of a shared cognitive space, where relevant information is
integrated and used collectively to support decision-making [29][41]. However, there are still considerable
gaps in creating mechanisms that enable the efficient coordination of hybrid teams in complex and dynamic
contexts, such as smart homes.

1.3.4 Human-Centered Al

Human-Centered Artificial Intelligence (HCAI) has become an important model for creating interactive
systems. This approach emphasizes that Al systems should augment human capabilities, ensure transparency,
and promote trust [39][45][19].

In this scenario, factors such as explainability (XAIl), impartiality, and accountability have gained
increasing prominence [8][23]. In intelligent environments, this implies the need for systems that provide
accessible explanations for non-expert users and that consider their preferences and values [46]. However,
many current systems still lack efficient mechanisms to facilitate collaborative decision-making among
multiple users, particularly in distributed home environments.

1.3.5 Synthesis and Research Gaps

Smart homes provide a new context where humans and technological agents will have to collaborate. But
there is the lack of mechanisms for effectively integrating and producing information based on both the data
collected from the heterogeneous home devices and the human observations. The critical challenge is to

support collective reasoning, in which multiple agents (human and artificial) contribute to building a shared
understanding of the situation.In addition, we highlight the challenges in modeling collaboration between
multiple actors in the same environment, with different roles and levels of autonomy in the collaborative space.

Another challenge identified is in dealing with the dynamic adaptation of the team, considering the addition
and removal of devices and participants in the system. In this sense, the need for integration with mediating
agents to improve collaboration in multi-agent environments is observed.

Given these limitations, there is an opportunity to develop an integrated solution that combines principles
of human-centered Al, multi-agent systems, and human-Al collaboration, with a particular focus on intelligent
mediation. This approach has the potential to advance the state of the art, enabling more effective, adaptive,
and contextualized collaboration in smart home environments.

1.3.6 Research Questions

How can we design a mediating software agent for a team composed of human and artificial agents?
What information is shared? In what form?

How can we measure the success of the collaboration?

e How can we enable adaptation to changes within the team (addition/removal of a device or a person)?

1.3.7 Theoretical foundations

The theoretical foundation to support this thesis involves :
I.  the main topics briefly described in section 1.3 (i.e. smart homes, Human-Al team collaboration
and Human-centered Al).
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agent-based and multi-agent systems (MAS) - agent oriented systems provide a relevant approach
for modeling distributed and collaborative contexts. In such systems, the focus is on the result produced
by the interaction among autonomous agents [43]. Multi-agent systems are able to address adaptive
and self-organizing architectures, to improve robustness and flexibility [20][22]. Recent works explore
the integration of MAS with 10T and cyber-physical systems, enabling both devices and users to be
modeled as agents [18][14], toward the concept of hybrid intelligence [29]. Moreover, agent-based
approaches have been used for a long time to analyze social behaviors by modeling and simulation of
individual characteristics [16]. The agent orientation will allow a distributed approach where multiple
heterogeneous actors, including both humans and artificial ones, interact in a common environment.
software quality — some studies have been proposed indicators to evaluate the quality of collaboration,
such as individual responsibility, intra-individual variability, information sharing, mutual
understanding (e.g.[39]) and participation in discussions, verbal coherence or speaking time [33]. The
aim of these studies is to analyze and model the collaboration itself and not intended to study how
“collaborative systems” could hinder or facilitate collaboration. To that end standards of software
quality[25][26] will be investigated in order to propose specific measures to evaluate the level of
collaboration provided with the mediating agents.

1.3.8 Approach and methods

The research will adopt an interdisciplinary approach based on three pillars: Human-Centered Al, multi-agent
systems, and software engineering. The approach will be complemented by user-centered methods, including:
[24][34]. The planned tasks are presented in the table bellow.

Tasks Schedule Deliverable
Systematic  literature  review on  human-Al TO+6  |set of guidelines to evaluate human-Al
collaboration collaboration
Definition the agent mediator architecture T7+12 | Agent mediator architecture

e requirements elicitation with stakeholders
e iterative prototyping design

Definition of measures for evaluating the collaboration| T9+12 |Set of measure for evaluation od the

collaboration

Implement the software solution that acts as a| T21+8 |Prototypes and report of user studies
mediating agent, supporting collaboration

Evaluation of the proposal by simulations T25+8 | Results of the experimentation study

Writing the thesis T26+10 |Thesis

1.3.9 Evaluation of contributions

To evaluate our approach, we must consider the three main pillars: human-computer interaction, collaboration,
and MAS. One possible way, that we intend to apply is to use simulation, as proposed by [3][44][30] and
recently explored by the researchers of InterA in the quality in use evaluation of smart environments [16].

2. Contribution to Digital Collaboration: Expected Results and Impact

This thesis will have different contributions as described bellow.

Methodological Contributions

Definition of an agent mediator architecture to integrate different source of information and support
collaboration.

Definition of a set of metrics/guidelines to evaluate human-Al collaboration, both quantitatively and
qualitatively, including aspects of: quality of human-agent collaboration, efficiency of coordination,
and balance in decision-making.

Technical Contributions
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e Implementation of a mediating agent capable of: integrating heterogeneous information, supporting
collective reasoning, and coordinating interactions between agents.

e Development of a functional agent-based simulator prototype for smart homes, including mediation
mechanisms and dynamic adaptation capabilities.

Empirical Contributions
e Experimental evaluation of the proposed models in simulated smart home scenarios
e Evaluation of the proposed metrics and guidelines in human-Al collaboration contexts.

We emphasize that the contributions presented are aimed at developing an integrated framework for multi-
agent systems, seeking to enable effective, adaptive collaboration between human and artificial agents in smart
home environments.
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