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Short abstract
This thesis aims to investigate the co-design of personalized, accessible, and collaborative virtual musical instru-
ments in extended reality that would enable the practitioners to adapt the instruments and guide and support their
autistic children patients during collective music-making sessions. Our goal is to foster synchronous, asymmetric,
and heterogeneous collaboration among users with varied psycho-cognitive profiles, ensuring that musical creation
is a shared experience between the therapist and the child. A multidisciplinary approach will be adopted com-
bining approaches from computer science (human-computer interaction, extended reality) and approaches inspired
from human sciences (psychology, cognitive ergonomics) to design such immersive interfaces for collective musical
expression.

Short description of hosting research group / lab
The thesis will be co-supervised in the MINT team of CRISTAL (Univ. Lille) and the Venise team of LISN

(Univ. Paris-Saclay). On the MINT side, the thesis will be co-supervised by Florent Berthaut. His expertise is
on the design of New Interfaces for Musical Expression in Extended Reality. The project will also benefit from
expertise of the MINT team on collaborative and public interfaces. The team has already published contributions
that relate to the thesis such as XRMIs with levels of details that adapt to users expertise [1], 3D interaction
techniques for musical expression [2], mixed-reality visualisations to improve accessibility of digital instruments
[3], and collaborative and co-localised XRMIs with personalized points of view [4]. On the VENISE side, the
thesis will be co-supervised by Tifanie Bouchara, who is an expert on multimodality in XR for disabled users.
She has previously worked on multisensory immersive environments for autism [5, 6], and on VR applications for
rehabilitation of other syndroms (i.e., Post-stroke spatial cognition disorders [7]) or for accessibility of blind and
visually impaired users [8].
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Description of the PhD proposal

Context
Music therapy, provided by music therapists, and music-based interventions, delivered by other types of prac-

titioners (e.g., psychologists, art therapists, musicians), are structured clinical practices that use various musical
activities within a therapeutic relationship to enhance mental health and well-being. To do so they address patients’
physical, emotional, cognitive, or social needs. They are particularly e!ective in improving mood, communication,
social skills, and quality of life, even with children or adolescents [9]. Therefore, music-based approaches are in-
creasingly used in daycare hospitals and inclusive schools for children with special needs su!ering from Autistic
Spectrum Disorder (ASD). Among the musical activities available, music playing and improvisations, alone or in
groups, have proved to enhance communication and social abilities. This is particularly interesting in the case of
nonspeaking children (e.g., severe autism).

In this context, Digital Musical Instruments (see [10] for a review), allow for overcoming the constraints of
acoustic instruments. Through various sensors, gestures, and increased sonic possibilities, they can enhance the
therapeutic experience by providing greater freedom in musical expression (e.g., playing with known or recorded
sounds such as voices) and an adaptation to patients’ capabilities and their evolution. Among these, Extended
Reality Musical Instruments (XRMI) [11], which make use of immersive technologies (i.e., in Mixed and Virtual
Reality) further increase opportunities for music therapists. They enable: 1) deploying a large variety of virtual
instruments from a single Extended Reality (XR) equipment; 2) freely defining dimensions and shapes of instruments
to provide unprecedented flexibility in gestures and interaction zones (mid-air, on objects and surfaces, freely spread
across the room or attached to specific zones, individual or shared with other users); 3) providing multisensory
immersion to increase engagement of patients.

Problem and Objective
Despite these opportunities and successful ad hoc use cases [12, 13], XR technologies have not been thoroughly

studied as a generalized tool for music therapy. In particular, they have not been examined through the lens of needs
and expectations of practitioners, with a focus on collaborative interaction between patients and practitioners. In
this project, we propose to expand Extended Reality Musical Instruments (XRMI) for music-therapy through the
development of Personalized and Accessible Collaborative XRMIs that :

1) allow practitioners to adapt the instruments to match patients’ abilities and needs, based on a model of
gesture-sound possibilities and a level-of-detail approach to control the gestural and musical complexity

2) enable flexible asymmetric collaborations to allow practitioners and patients to play with the same virtual
instruments.

The aim is to allow practitioners to guide patients musically, and reciprocally reinforce the bond of patients with
their therapists. Acceptability and appropriation of such new digital and immersive tools will be assessed through
long-term evaluation on real music-based interventions sessions.

Brief overview of the state of the art
Research on accessible digital musical instruments has shown the variety and diversity of gestures that these

instruments enable, and how they can be adapted to each patient’s capabilities [10, 14], including by enabling
shared practice of instruments [15]. Some of these have been designed as XRMIs [12, 13], but they do not explore
the highly collaborative and communicative aspect that is prominent in music therapy sessions.

Research on collaborative XR musical instruments [16] has highlighted the diversity of collaboration modes and
configurations, from public/private virtual spaces, exchanges of sounds, visualisation of other musicians’ activity,
and selection / manipulation of viewpoint within a virtual environment [4].

Finally, music-therapy in VR was investigated in a number of related work [6, 17], however without looking
in depth at the collaborative aspects of the design (i.e., dynamically personalising the instruments during musical
sessions) and practice of the virtual instruments.

Research questions
The main research questions of the project are :

• What short and long-term impact do personalised and accessible extended reality musical instruments have
on patients and on patient/practitioner collaboration?
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• What aspects of the musical instruments (gestures, visual feedback, mappings, sound parameters, musical
complexity) should be personalised by the practitioners for the patients and how?

Theoretical foundations
The thesis will rely on theoretical foundations from the fields of Extended Reality and Collaborative Virtual

Environments, New Interfaces for Musical Expression and Accessible Interfaces.
It will relies on previous studies about user experience and co-experience in XR collaborative environments

[18] with measurements of human factors like group dynamic and collaborative patterns, or presence-related factors
(spatial and social co-presence) which will need to be adapted to the specifics of ASD patients (e.g., possible cognitive
and intellectual disorders, verbal or literacy trouble, atypical behaviours in social interaction), for example using
adapted behavioural measures of co-presence [19].

From the field of Interfaces for Musical expression, the thesis will aim at the design of musical instruments
that enable the adaptation of the input (gestural) complexity, of the output (musical) complexity and of the player
freedom [20], in order to maintain musical e!ciency, with a low entry fee but not ceiling on virtuosity [21] for
musical expression across the capabilities of patients and practitioners. The thesis will also draw inspiration from
the use of levels of detail in the design of interactions and visualisations, as they have been shown to foster personal
strategies [3] and to enable collaboration between users with various levels of expertise [1].

Finally, concerning accessibility, we will rely on ability-based design approaches [22] which focus on leveraging
users’ abilities rather than their disabilities. This methodology emphasizes creating systems that adapt to the
diverse capabilities of users, ensuring that technology is accessible and usable by everyone. By prioritizing ability,
we aim to design interfaces that foster autonomy and competence, two main aspects of motivation according to
the self-determination theory [23]. Autonomy refers to the feeling of being in control of one’s own actions and
decisions. XR music creation platforms can o!er children with ASD the freedom to explore and create music in
a way that suits their preferences. By allowing them to choose, in an adapted way, instruments, sounds, and the
structure of their musical pieces, XR environments can empower children to make independent choices and enhance
their sense of autonomy. By providing the practitioners with the possibility to personalise and adapt the tools
and tasks to match each child’s skill level, and by providing immediate multisensory feedback, our XR musical
platform will help children develop their musical and expression skills. Growth of competence will lead to a sense of
accomplishment and increased motivation and engagement in the activity. To do so we will employ a participatory
design perspective, through the participation of several stakeholders (mostly practitioners but also parents, autistic
adults, neurotypical children, and autistic children as often as possible) even if participatory design with ASD
persons [24] requires precaution.

Approach, methods and evaluation of the contributions
The thesis will rely on a variety of research methods in order to inform the design of usable collaborative tools

for practitioners to help their patients and to gather quantitative and qualitative data on the experience of users.
The first year will consists on semi-structured interviews with music therapists and practitioners who use or

would be interested in using XR, in order to characterize current practices and needs with the goal of establishing
1) a taxonomy of gestures and sounds used or needed in music therapy, and 2) insights and guidelines on the use
of XR technologies with patients, especially children. In order to facilitate discussion, this phase will rely on on
previous XR applications dedicated to shared music experience developed at CRIStAL [4, 25] for expert musicians,
especially the first prototype system that is being developed for the internship of our PhD candidate at CRIStAL.

The second year will iterate phases of co-design between researchers and practitioners, phases of in-the-lab
prototyping, phases of in-the-lab controlled evaluations with non autistic users, either expert musicians or non-
musicians (i.e., quantitative usability testing with 20-30 participants), and phases of pilot testing with practitioners
and patients (i.e., quantitative usability testing and qualitative analysis of semi-structured interviews with 5-10
participants). This phase will result in a functional collaborative personalised and accessible XRMI, that allow
practitioners to dynamically adapt the complexity and nature of gestures and musical output, and to conduct
collective musical practice sessions. It will also results in insights on its design, usability and short-term impact on
the therapy sessions.

Finally, as the instruments are integrated in music-therapy by practitioners, long-term impact and appropriation
of the collaborative instrument will be investigated, including : 1) the therapeutic benefits (improvement in quality
of life, self-confidence, motor skills, collaboration, and the relationship with the practitioner); 2) the adoption and
integration of the instrument in the sessions; 3) the appropriation both by patients and practitioners, by examining
the types of creation and expressiveness that can be achieved during sessions with these new XRMI. To achieve this,
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we will use observational and qualitative methods. We will capture behavioural data during the sessions (types
of instruments created, recordings of audiovisual productions, movements and gaze recordings) as well as video
recordings of the sessions to analyse behavioural changes of both patients and practitioners within a single session
and over multiple sessions.

Results will be submitted to HCI, XR or Musical Interaction conferences and journals, such as ACM CHI, ACM
DIS, IEEE VR, ACM VRST, NIME, and the resulting software will be made available for practitioners under a
free and open source license.

Nature of digital collaboration

The goals of the collaboration include communication between practitioners and patients, exchanging and cooper-
ating on shared virtual instruments, coordinating within a physical space, The collaboration will be synchronous,
in small groups of no more than ten, but with potentially very diverse roles (practitioners, patients, families) and
abilities. Although collaboration sessions might be relatively short (under one hour), due to the age and abilities of
patients, they will be repeated with the same users, leading to multiple hours of overall collaboration. The collabo-
ration will be co-localised, with practitioners and patients equipped with mixed-reality headsets and collaborating
in the same room, in order to preserve physical (verbal, object-based) communication, which is essential in these
therapeutical contexts. Finally, the collaboration will be highly asymmetrical, with users requiring di!erent levels
of complexity in input (gestures, controllers, functionalities) and output (musical result).

Contribution to digital collaboration: Expected results and Impact

The project will have both a societal and scientific impact.
The main originality of this project is to advance research in digital sciences and immersive technologies in order

to produce a strong societal impact through knowledge and tools made available to practitioners, for the benefit of
patients. The project will also enhance the inclusion of users with ASD in the use of extended reality and digital
collaboration.

On the scientific side, the contributions will be empirical, theoretical, methodological and technical :

• Empirical : The project will rely on several experiments. Short-term user study will first evaluate the usability
and expressiveness of the collaborative instruments outside therapeutic sessions, so that they can easily be
appropriated by practitioners and integrated in natural care pathway. Long term evaluation of collaboration
and practitioners / patients relation in in situ contexts (i.e., integrated into real therapeutic sessions) will
serve as therapeutic benefit measurements (in add with improvement in quality of life, self-confidence & motor
skills).

• Theoretical : The project will contribute to a model of asymmetrical musical collaboration between partic-
ipants with various levels of abilities and with various levels of musical complexity, which might inform the
design of novel accessible musical interfaces.

• Methodological : The project will propose the adaptation of evaluation methods of the collective experience
(e.g., co-presence and awareness questionnaires) for patients who might be nonspeaking. Also this thesis will
formalize guidelines to investigate long-term patients/practitioners collaboration.

• Technical : The main result will be a musical application for mobile XR headsets which will be directly used by
practitioners. This application will rely on a software framework for the design of shared musical applications
in extended reality, which will be usable in other music therapy contexts (e.g., motor rehabilitation).
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Positioning in the eNSEMBLE program

The doctoral PARMI project fits in the Projet Ciblé 1 ”Collaboration spaces” (CATS) of the eNSEMBLE program
as it targets co-localised synchronous situations for one-to-one or collective (one practitioner to many patients)
music therapy sessions. In particular, it addresses mainly the axis 2 of the program with the issues of the diversity
of users, both in their roles and in their sensory, motor and cognitive capabilities (WP2.1). The system should
be usable by the practitioners from one side and various autistic patients from the other side, all having di!erent
abilities and sensibilities. The co-localised collaboration will therefore be very asymmetrical (practitioner vs.
patients) but also heterogeneous as adapted specifically for every patients from the same session.

It also addresses the issue of the evaluation (WP2.3) especially as the protocols (i.e., questionnaires) developed
to measure quality of collaborative experience or even the immersive experience itself are generally designed only
for neurotypical adult users. In our case, the patients won’t be easy to interviewed and won’t share a common
understanding of the cross-reality collaboration due to various intellectual and cognitive disorders. Therefore new
evaluative approaches (i.e., behavioural measurements as communication cues) should be conceived to ensure the
quality of the collaborative experience for our diverse users.

The project also addresses WP4.2 of PC1, namely ”Transitions between users and group dynamics”, as the
instruments will need to be adapted to various physical spaces and behaviour of patients within these spaces, but
also to changes in behaviours during and across sessions.
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Interdisciplinarité

Ce projet s’inscrit dans le cadre de l’Equipex+ Continuum et permettra de bénéficier d’une intercon-
nexion des plateformes du LISN (Eve-XR) et de CRIStAL (REVICA, PRECIA) pour le prototypage et
les expérimentations en s’appuyant sur des dispositifs de type casque de réalité virtuelle ou mixte.

Ce projet se situe également à l’intersection de plusieurs domaines de recherche, en employant des
méthodes de réalité étendue et interaction humain-machine artistique d’une part, et en l’appliquant à
la psychologie cognitive et thérapie d’autre part. Le projet s’inscrit également dans une démarche art-
science qui a pour particularité ici de viser des productions scientifiques et artistiques comme support
thérapeutique.

A terme, le projet pourra aussi servir à établir des connexions avec le PEPR ICCARE autour des
industries créatives et culturelles, puisque les outils immersifs collaboratifs, adaptés et personnalisés
que nous développerons dans le projet PARMI pourraient également avoir pour finalité l’inclusion de
personnes avec troubles du spectre autistique (TSA) dans la pratique artistique.

Le projet PARMI s’appuiera sur les contacts avec des établissements d’accueil d’enfants avec TSA,
ayant pour certains déjà collaborés avec les équipes VENISE / MINT, et qui seront impliqués ici dans
les évaluations et di!usions des travaux : Hôpital André Boulloche / CEREP-Phymentin à Paris, IME
de Bures-sur-Yvette, UEEA Lalo-Clément à Lille. Ces collaborations permettront au doctorant d’avoir
accès à i) des utilisateurs experts de l’autisme (art-thérapeutes, psychologues...) pour rapidement tester
ses hypothèses de travail ainsi qu’à ii) des enfants avec TSA lors d’ateliers intégrés aux parcours de soins
pour les évaluations avec l’ensemble des utilisateurs.
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