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Resumo

A sessao clinica desempenha papel fundamental no cuidado a satude ao mediar a deli-
beracao sobre casos médicos complexos e distribuidos. Embora ambientes imersivos e
colaborativos em Realidade Estendida (XR) oferegam potencial significativo para supor-
tar a referéncia compartilhada em modalidades hibridas de acesso, pouco se sabe sobre
como esses ambientes atuam concretamente no suporte a decisao diagnostica. Persiste o
desafio de projetar e avaliar artefatos imersivos que reproduzam com fidelidade o fluxo de
trabalho clinico entre dispositivos heterogéneos sem introduzir viés de design. Esta tese
investiga como ambientes hibridos imersivos e colaborativos podem apoiar a tomada de
decisao clinica a partir da experiéncia do usuério. O trabalho visa conceber, instanciar
e avaliar um ambiente XR para sessoes clinicas, caracterizando o construto de Suporte
Diagnostico Percebido e identificando os processos de apropriagao tecnologica que o cons-
tituem. A pesquisa adota a abordagem de Design Science Research (DSR) integrada ao
Design Centrado no Usuario, desenvolvida em ciclos iterativos com cardiologistas de dois
hospitais universitarios. A partir de uma revisao rapida de literatura, conduziu-se um es-
tudo exploratorio qualitativo (entrevistas, observacao de campo e Thinking Aloud) para
elicitar o problema de design, resultando em personas colaborativas e no mapeamento
do fluxo da sessao clinica. O artefato produzido consistiu de um ambiente colaborativo
e imersivo hibrido, no qual uma junta médica conduz uma sessao clinica completa, da
apresentacao do caso ao fechamento do diagnéstico, com evidéncias multimodais com-
partilhadas entre dispositivos de visualizagao imersiva (HMDs), notebooks e dispositivos
moveis. Tal artefato passou por avaliagdes de tarefas com especialistas em THC/XR e
testes colaborativos preliminares com médicos especialistas. O ciclo final aplicou um de-
senho experimental de dois eixos combinando sessoes repetidas, modalidades heterogéneas
de acesso e duas condigoes de condugao (Presidente Humana com residentes vs. Presi-
dente Artificial com cardiologistas experientes, N = 30). Mensuraram-se copresenga,
compreensao percebida de mensagens e suporte diagnostico percebido, triangulando da-
dos quantitativos com entrevistas e codificacdo comportamental de video. Sob conducao
humana, o Suporte Diagnodstico Percebido revelou-se um fenémeno emergente e tempo-

ral: iniciou em patamar inferior e elevou-se progressivamente a medida que a presidente



se apropriava do ambiente como meio de conducao, independentemente do dispositivo
de acesso utilizado. Em contrapartida, sob condugao artificial fixa, o suporte percebido
manteve-se elevado desde a primeira sessao, deslocando para os pares o trabalho de cons-
tituir o apoio. Os resultados demonstram que o valor diagnoéstico do ambiente imersivo
nao é uma propriedade intrinseca da interface, mas sim constituido no uso situado pela

lideranca da sessao ou pela dinamica entre pares.

Palavras-chave: Suporte diagnostico percebido, ambientes imersivos colaborativos, ses-
soes clinicas, apropriacao de tecnologia, uso situado, inteligéncia artificial, realidade es-

tendida, tomada de decisao clinica.



Abstract

The clinical session plays a central role in healthcare by mediating deliberation over
complex and distributed medical cases. Although immersive and collaborative Extended
Reality (XR) environments offer significant potential to support shared reference across
hybrid access modalities, little is known about how these environments actually contri-
bute to supporting the diagnostic decision. It remains a challenge to design and evaluate
immersive artifacts that faithfully reproduce the clinical workflow across heterogeneous
devices without introducing design bias. This thesis investigates how hybrid immersive
collaborative environments can support clinical decision-making from the standpoint of
user experience. The work aims to conceive, instantiate, and evaluate an XR environment
for clinical sessions, characterizing the Perceived Diagnostic Support construct and iden-
tifying the technology appropriation processes that constitute it. The research adopts the
Design Science Research (DSR) approach integrated with User-Centered Design, develo-
ped in iterative cycles with cardiologists from two university hospitals. Starting from a
rapid literature review, a qualitative exploratory study (interviews, field observation, and
Thinking Aloud) was conducted to elicit the design problem, resulting in collaboration
personas and in the mapping of the clinical session workflow. The resulting artifact con-
sisted of a hybrid immersive collaborative environment in which a medical board conducts
a complete clinical session, from case presentation to diagnostic closure, with multimodal
evidence shared across immersive display devices (HMDs), notebooks, and mobile devices.
This artifact underwent task evaluations with HCI/XR experts and preliminary collabo-
rative tests with specialist physicians. The final cycle applied a two-axis experimental
design combining repeated sessions, heterogeneous access modalities, and two conduction
conditions (Human Chairperson with residents vs. Artificial Chairperson with experien-
ced cardiologists, N = 30). Co-presence, perceived message understanding, and perceived
diagnostic support were measured, triangulating quantitative data with interviews and
behavioral video coding. Under human conduction, Perceived Diagnostic Support pro-
ved to be an emergent and temporal phenomenon: it started at a lower level and rose
progressively as the chairperson appropriated the environment as a medium of conduc-

tion, regardless of the access device used. By contrast, under fixed artificial conduction,



perceived support remained high from the first session, shifting the work of constituting
the support to the peers. The results show that the diagnostic value of the immersive
environment is not an intrinsic property of the interface, but is constituted in situated

use by the session’s leadership or by the dynamics among peers.

Keywords: Perceived diagnostic support, immersive collaborative environments, clinical
sessions, technology appropriation, situated enactment, artificial intelligence, extended

reality, clinical decision-making.
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Medical practice typically involves holding clinical sessions, which are interactive dis-
cussions where healthcare professionals work together to analyze complex medical ca-
ses. Participants share clinical information, diagnostic tests, laboratory test results, and
patient-related medical images in these sessions. They review the case, evaluate treat-
ment options, and discuss appropriate procedures. These sessions serve as a platform
for interdisciplinary communication, enabling specialists from various elds to share their
knowledge and experiences towards a common goal in decision-making (48).

This collaborative reasoning is increasingly carried out by distributed teams. Vide-
oconferencing already connects such teams, but it attens the clinical case into shared
screens, and the board loses the common spatial reference that supports pointing, compa-
ring, and jointly inspecting evidence. Immersive and collaborative environments address
this limitation by o ering a shared three-dimensional scene in which bodies, voices, exa-
minations, and anatomical models inhabit the same space, with access through hybrid
devices (26, 157, 106). Immersive environments are also helpful tools to support critical
thinking, clinical reasoning, judgment, and decision-making skills (83). Designing them
requires balancing the appeal of immersion with the practical function of the activity,
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which begins by considering the types of interaction and collaboration that will take
place within them (139).

The Metaverse, once a concept of science ction (162), became the broader design
context in which these environments turned technically viable, accelerated by the norma-
lization of remote work (25, 133, 187). In this thesis it remains context, and the analytical
focus falls on the environments and on the clinical activity they mediate.

This thesis investigates how immersive and collaborative environments can support
one of the most consequential activities in healthcare, the clinical session in which profes-
sionals jointly examine a complex medical case and converge on a diagnosis and a course
of treatment. Our central proposition, built and tested across successive design cycles, is
that the diagnostic value of such environments is not delivered by their interface features.

It is constituted while the environment mediates complete clinical sessions, by the people
who conduct them and enact their resources.

Healthcare professionals are the end users of the environment investigated here, and
designers and developers of immersive technologies are the audience of the guidelines that
result from the investigation. Between the two, the thesis follows a single trajectory. We
model the clinical session from its practice, materialize the model in a hybrid prototype,
validate it in formative cycles, and evaluate it in complete sessions conducted by a human
chairperson and by an arti cial chairperson. Along this trajectory, the investigation
converges on perceived diagnostic support and on who constitutes it in use.

1.1 Motivation and Context

The emergence of the Metaverse has marked a signi cant advancement in the realm of Col-
laborative Virtual Environments (CVES), particularly within the healthcare sector. These
environments promise richer interaction for clinical sessions, in which healthcare professio-
nals integrate multimodal evidence, coordinate specialized contributions, and converge on
a defensible diagnosis. Despite the recognized bene ts of virtual environments in health-
care, there is still limited understanding of these technologies' speci c role in supporting
diagnostic decision-making. This role cannot be inferred from interface features alone,
because such support only reveals itself while the environment mediates a complete cli-
nical session. There is therefore an increasing need to structure these virtual interactions
so that they are e ectively integrated into clinical sessions, enhancing the user experience
and contributing to the diagnostic process as its participants actually experience it.
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1.2 Research Problem

Clinical sessions increasingly run over distributed teams, yet the environments that me-
diate them are not designed around the session itself. Immersive and collaborative envi-
ronments promise a shared spatial reference for diagnostic work, but their speci c role in
supporting the diagnostic decision remains poorly understood, because such support only
reveals itself while a complete session is mediated. The research problem of this thesis
is this lack of understanding, the absence of design knowledge about how these environ-
ments, adapted and implemented for the clinical context, come to support the diagnostic
reasoning of health professionals across the complete session, from the standpoint of user
experience. The problem is tackled through the following research question:

How can hybrid immersive collaborative environments support clinical decision-making
from the standpoint of user experience?

This broad question guided the whole investigation and was progressively speci ed
by its own results. Across the design cycles, user experience in clinical sessions became
inseparable from the participants' judgment that the mediated session helps the medical
board perform diagnostic work, a judgment this thesis names perceived diagnostic sup-
port. The nal experiments showed that such support is not delivered ready-made by the
immersive interface. Under a recurring human chairperson, it developed across repeated
sessions as she appropriated the environment and the session protocol, in a trajectory
that repeated across the three access modalities. Under a xed arti cial chairperson, it
was high and stable from the rst session, and the work of constituting it shifted to the
peers. The thesis therefore answers its question by showing under which conditions these
environments support the diagnostic experience, sustaining the complete clinical session
and locating who constitutes the support in use, the chairperson through longitudinal ap-
propriation and the board members through situated functional enactment. In the thesis
title, appropriation names this family of processes in the broad sense of the constitution
of support in use. Chapter 2 re nes the term, reserving longitudinal appropriation for the
recurring chairperson and describing the peers' work as situated functional enactment.

1.3 Objectives

The study aims to develop a theoretically grounded and replicable body of design kno-
wledge to support immersive and collaborative interactions in clinical sessions and the
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diagnostic and clinical decision work they carry out. To achieve this, the study employs
continuous experimentation and analysis, organized in successive cycles of design and
evaluation. The resulting knowledge bene ts healthcare professionals, the end users of
the mediated sessions, and o ers creators and developers of immersive technologies its
implications for clinical practice. Four speci ¢ objectives follow:

Map the state of design of immersive environments for diagnosis and clinical decision
support, through a rapid literature review that delimits the research gap and anchors
the design decisions of the thesis.

Acquire and model knowledge of the clinical session practice: understand, together
with healthcare professionals, the context of use, the roles, and the tasks that or-
ganize the session, through systematic and traceable methods, and convert this
understanding into models of the practice able to make the problem explicit and
ground the design of the environment.

Materialize the practice models in an immersive collaborative prototype reachable
through heterogeneous devices and submit it to formative evaluation cycles, with
experts familiar with interaction evaluation and with healthcare professionals, to
revise the design and validate tasks, interactions, and usability before its use in
complete clinical sessions.

Evaluate the support healthcare professionals perceive for diagnostic work when
the environment mediates complete clinical sessions, through a two-axis evaluation
design mirrored across conduction conditions, which this thesis proposes, applies,
and o ers as part of its design knowledge.

1.4 Methodology

This research follows Design Science Research (DSR), implemented according to the gui-
delines of Dresch; Lacerda; Antunes Jr (43) and integrated with User-Centered Design,
so that every artifact is built and evaluated with the professionals who hold the practice.
Rather than restating the method, this section presents the trajectory as it was executed,
in successive cycles that run from the modeling of the clinical session to its summative
evaluation.

Figure 1 summarizes this trajectory. The DSR steps distribute across the thesis as
follows. Awareness of the problem appears in Chapter 3, which xes the design decisions
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Figure 1. The methodological trajectory of this thesis, as executed.

Source: Own Authorship, adapted from Dresch; Lacerda; Antunes Jr (43).

of the project: the complete session, hybrid access, the two roles of the practice, and a
contrast internal to the environment. The acquisition and modeling of knowledge follow
in Chapter 4, through an interview, an observation, collaboration personas, a scenario,
Thinking Aloud Interviews, and the BPMN work ow of the session. The design and
development of the artifact occupy Chapter 5. Chapter 6 reports two formative evalua-
tion cycles, whose ndings fed back into the development of the environment. Chapter 7
presents the summative evaluation, with the two-axis design mirrored across the two
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conductions. Chapter 8 concludes and communicates the results, together with the pu-
blications that report each cycle and the supplementary material that accompanies the
summative study?

The relevance of studying the integration of CVEs in the healthcare sector is un-
derscored by the signi cant evolution of these technologies and their potential to support
clinical decision-making as it is experienced by healthcare professionals. A critical aspect
of this study involves addressing the gap between academic theory and practical applica-
tion in the eld. Starkey; Madan (161) highlight that the relevance of academic research
is determined by its capacity to impact real-world practice signi cantly. Similarly, Daft;
Lewin (35) emphasize that research should be relevant to professionals and gain recog-
nition within the academic community to ensure the advancement of knowledge. This
dual focus on practical impact and academic acknowledgement is particularly pertinent
in applying DSR principles to developing virtual environments in healthcare.

To ensure that this research remains focused on the user as the central aspect of
the problem, we have decided to develop the DSR artifact using a User-Centered Design
approach.

In this direction, we emphasize the application of User-Centered Design (UCD), an
approach popularized by Norman (123), a pioneer in user experience design, and conso-
lidated in Norman (122). UCD focuses on designing products or solutions based on the
speci ¢ needs and wants of the user, ensuring that the end product is tailored to meet
their expectations and improve their overall experience. It involves the participation of
users throughout the cycles of analysis, design, prototyping, and evaluation, keeping their
needs at the center of each re nement. This approach is rooted in iterative design prin-
ciples where traditional linear approaches might fall short and where user feedback is
continually sought and incorporated into subsequent design iterations.

Across these UCD iterations (123, 122) and the steps of Dresch; Lacerda; Antunes Jr
(43), we made replicability a design decision, not a given. ldenti cation of the problem
Is stated in the research question and in the objectives. In the awareness of the problem,
we declare design decisions that later steps inherit. We built knowledge acquisition on
published methods, such as collaboration personas (108) and Thinking Aloud Interviews
(99), so the step can be repeated. The rapid literature review, parallel to acquisition,
reports databases, search string, and selection ow for the same reason. Design of the

1The supplementary material comprises the codebook, with class de nitions and anchor excerpts, the
ethogram, the de-identi ed questionnaire responses, and the analysis scripts.
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artifact traces to the modeled tasks, and development declares platform and tools. In eva-
luating the artifact, both formative cycles fed back into development, and we released their
guestionnaire data (126). In the summative cycle, case, task sequence, and chairperson
stay constant within each condition, and the arti cial conduction works from protocol as-
sets authored before the study, non-adaptive by construction in this design. The two-axis
evaluation design, mirrored across conduction conditions, is speci ed as a protocol o ered
as design knowledge. In communicating the results, the publications report each cycle,
and the supplementary material releases the instruments, the de-identi ed questionnaire
responses, and the analysis scripts of the summative evaluation.

1.5 Research Ethics and Integrity

The studies reported in this thesis were conducted in accordance with Resolutions No. 466/2012 (:
and No. 510/2016 (17) of the National Health Council of Brazil, and the research observed
the Code of Conduct for Authors in SBC (Brazilian Computer Society) Publications (151)
and the ACM Code of Ethics and Professional Condugt The formative evaluations of
Chapter 6 and the summative evaluation of Chapter 7, together with the use of the clinical
data of the case over which the boards deliberate, were approved by the Research Ethics
Committee of the Hospital das Clinicas of the Ribeirdo Preto Medical School, University
of Sado Paulo (HCFMRP/USP), under Opinion No. 6,607,581. HCFMRP/USP is a part-
ner institution and contributed the clinical case, whose patient data are used under that
approval. The prototyping, the formative studies, and the summative sessions were car-
ried out at Anténio Pedro University Hospital (UFF). The exams used in the prototyping
stage and in the validation of the modeled tasks were generated by specialists who work at
Anténio Pedro University Hospital. From the preliminary collaborative session onward,
the boards deliberate over the real clinical case of a patient, whose data are used under
that approval. In every study, participants received comprehensive information about the
nature of the research and signed a free and informed consent form before any activity,
with speci ¢ authorization for audio and image recording and with the right to withdraw

at any time without penalty. Participant data were anonymized. The risks speci c to the
use of immersive display devices are addressed in the chapters that report the studies in
which those devices were used.

The author declares the use of a generative arti cial intelligence tool in the preparation
of this thesis, in accordance with guidelines on integrity in scienti ¢ publishing. The

2ACM Code of Ethics and Professional Conduct - https://ethics.acm.org/
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tool used was Claude, by Anthropic, in support of the organization and restructuring
of the text, the drafting and rewriting of passages from content and decisions supplied
by the author, the review of clarity and terminological consistency, and auxiliary checks
of textual, numerical, and bibliographic coherence. Every suggestion produced by the
tool was submitted to human review and validation before being incorporated into the
manuscript. The tool was not used to de ne the research question, the objectives, the
design of the studies, data collection, the statistical analysis, or the interpretation of the
results. No arti cial intelligence tool is listed as an author of this work, and the author
takes full responsibility for the content of the thesis.

1.6 Contributions

This thesis puts forward the following contributions:

1. Clinical Session Modeling for Hybrid Immersive Collaborative Environments, ac-
quired with healthcare professionals through a systematic and traceable chain of
methods, which makes the organization of the session explicit and grounds the de-
sign of the environment (Chapter 4).

2. The prototype of the hybrid immersive collaborative environment, which materiali-
zes the practice models in complete clinical sessions reachable through heterogeneous
devices, selected against explicit requirements and validated in two formative cy-
cles, with acceptable usability in both, the interaction frictions corrected, and the
complete session ow exercised (Chapters 5 and 6).

3. The Perceived Diagnostic Support construct, proposed with explicit boundaries
toward usability, social presence, and objective diagnostic accuracy, and justi ed
through triangulation in complete sessions, with discriminant behavior toward co-
presence and perceived message understanding, independence from the access de-
vice, accounts analyzed against a priori codes, and the coded conduct of the recorded
sessions (Chapter 7).

4. The two-axis evaluation design built to justify that construct, which pairs a temporal
axis of repeated complete sessions with a modality axis of heterogeneous access
devices and mirrors both under a human and an arti cial conduction, producing
empirical signatures that separate a property given by design from one constituted
in use and locate the agent of that constitution (Chapter 7).
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Together, these contributions compose the body of design knowledge of the thesis. Its
implications for designers take the form of four empirically grounded guidelines, each tra-
ceable to observations of the formative and summative cycles, consolidated in Chapter 8.

1.7 Publications

Parts of this thesis were produced as scienti ¢ articles during the research. Table 1 lists
each article, the chapters it originates, and its current publication status.

Table 1: Articles produced during the research and their publication status.

Article Venue Chapters Status
Modeling and Designing Clinical Sessions Symposium on Virtual and 4,5, 6 Published
with Hybrid Environments in the Meta- Augmented Reality (SVR

verse (128) 2023)

Designing Immersive and Collaborative Vir- Journal on Interactive Systems 6 Accepted

tual Environments for Human Behavior Re-
search in Clinical Sessions

Evaluating Collaborative Human Behavior in ~ Symposium on Virtual and 7 Accepted
Immersive Hybrid Clinical Sessions Augmented Reality (SVR

2026)
Who Enacts Perceived Diagnostic Support? International  Journal of 7 Submitted

Chairperson Appropriation and Peer Situa- Human-Computer Studies
ted Use in Immersive Hybrid Clinical Sessi-
ons

Source: Own Authorship.

1.8 Work Structure

This chapter laid the groundwork by providing a comprehensive introduction and contex-
tualizing the research. It also delineated the objectives and outlined the methodological
approach adopted in this thesis. The subsequent chapters are structured in the following

manner:

Chapter 2: This chapter provides the background of the thesis. It reports the rapid li-
terature review that maps the state of design of immersive environments for diagnosis and
clinical decision-making, de nes within the related work the terms the thesis adopts and
their sources, distinguishing longitudinal appropriation from situated functional enact-
ment, and discusses the works most closely related to our approach together with their
comparative overview and the research gap the thesis addresses.

Chapter 3: This chapter presents the rationale of the project. It links the research
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gap to the objective, justi es the hybrid immersive collaborative environment as the form
of the artifact, presents its roles, clinical artifacts, engagement modes, and conduction
regimes, and describes how a clinical session runs in the environment.

Chapter 4. This chapter builds the necessary knowledge from clinical practice and
formalizes it in collaboration personas and in a BPMN work ow of the clinical session.

Chapter 5: This chapter presents the development of the hybrid prototype that ma-
terializes the modeled tasks across heterogeneous devices.

Chapter 6: This chapter reports the two formative evaluations of the environment, the
validation of the modeled tasks with XR experts, HCI experts, and stakeholders, and the
preliminary collaborative session with cardiologists, whose insights motivate the arti cial
chairperson investigated later.

Chapter 7: This chapter presents the summative evaluation, ve clinical sessions con-
ducted by the same human chairperson and ve mirrored sessions under a xed arti cial
chairperson, in which perceived diagnostic support, co-presence, and perceived message
understanding were measured across three access modalities. The behavioral coding of
the recorded sessions complements the questionnaires and asks who enacts perceived di-
agnostic support when the conduction cannot adapt between sessions.

Chapter 8: This chapter consolidates the contributions into a body of design kno-
wledge, narrates the publications produced throughout the research, examines the threats
to validity, and discusses limitations and future research.
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This chapter provides the background of the thesis. Section 2.1 reports the rapid
literature review that maps the state of design of immersive environments for diagnosis
and clinical decision-making. Section 2.2 opens with the terms the thesis adopts and their
sources (Section 2.2.1), from the immersive collaborative environment and the clinical
session to the practice lens that distinguishes the artifact-as-designed from the artifact-
as-enacted, the two conduction regimes, and perceived diagnostic support, then discusses
the works most closely related to our approach, consolidates their comparison, and states
the research gap the thesis addresses. Section 2.3 summarizes the chapter and links its
concepts to the empirical studies.

The chapter does not equate technological immersion with diagnostic value, nor does
it treat subjective support as evidence of diagnostic accuracy. The object of analysis is
not an autonomous diagnostic system, but a collaborative clinical session mediated by a
hybrid immersive collaborative environment.

2.1 Rapid Literature Review

This section reports the rapid review that maps the state of design of immersive environ-
ments for diagnosis and clinical decision-making.

In a world where the quantity of data and research is growing exponentially, the ability
to quickly synthesize scienti ¢ evidence becomes crucial, especially in areas that require
agile responses, such as public health and policy decision-making. In this context, rapid
reviews emerged as a valuable methodology. Unlike Systematic Literature Reviews (94)
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or Systematic Mappings (138), recognized for their rigor and comprehensiveness but also
for their lengthy execution time, rapid reviews aim to provide results in a signi cantly
shorter time, adapting methods according to the needs and urgencies of the moment (23,
174).

Rapid reviews maintain a level of methodological rigor, though they make concessions
in terms of the breadth of the search and the depth of analysis to achieve their goals within
a reduced timeframe (174). Rapid reviews vary in scope and depth but generally focus
on answering speci ¢ research questions, using targeted search strategies and accelerated
synthesis methods to produce a timely overview of the available evidence (23).

Key characteristics of Rapid Reviews include:

" Focused literature selection: Limiting the search to major databases, speci c peri-
ods, or types of publications.

" Simpli cation of methods: Reducing steps such as independent double review or
detailed meta-analysis.

" Speed of delivery: The goal is to provide information in a timely manner to in uence
critical decisions.

However, this methodology presents both advantages and disadvantages. Advanta-
ges observed include the speed in obtaining results, the reduction of costs compared to
traditional systematic reviews, and its exibility and usefulness for addressing urgent
decision-making contexts. On the other hand, the methodology presents disadvantages
such as the reduction of methodological rigor that may a ect the reliability of the results
and an increased risk of bias due to simpli ed processes (23).

2.1.1 Method

To facilitate this rapid review, abbreviated systematic review methods were utilized. In
contrast to the comprehensive approach characteristic of a traditional systematic review,
the following methodological adaptations were implemented speci cally for this rapid
assessment:

" The search strategy was streamlined to omit texts from gray literature from the
selection process, in accordance with Table 5 of the cited article Botelho; Oliveira
(15).
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" Screening of articles was streamlined, performed primarily by one review author.
To ensure the relevance and accuracy of the selections, a second review author
subsequently veri ed the plausibility of the articles for inclusion in this research.

" Throughout this process, we maintained adherence to the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) (118) guidelines to struc-

ture the presentation of the study selection ow.

2.1.1.1 General Objective and Review Questions (RQ)

To evaluate the design (interface, visual, or interaction) of immersive environments (Meta-
verse, VR, AR, MR, XR, etc.) and their applications in clinical session settings, focusing
on diagnostic de nition and the e ectiveness of clinical decision-making.

1. (RQ1) What design methodologies (interface, visual, interactivity) are speci cally
used in immersive environments targeted for clinical sessions?

2. (RQ2) How many studies report the use of Virtual Reality (VR), Augmented Reality
(AR), Mixed Reality (MR), or Extended Reality (XR) in clinical settings?

3. (RQ3) Among the applied immersive technologies, which are most frequently used
speci cally for clinical decision-making? And for what types of decisions (diagnosis,

treatment, etc.)?

2.1.1.2 Search Strategy

The search was conducted in th&copus and PubMed® databases, using the following

search string:

( Design) and ("collaborative environments"OR "immersive environments"OR "vir-
tual environments"OR "Metaverse"OR "mixed reality"OR "extended reality"OR "Aug-
mented Reality"OR "virtual reality”) and (“clinical sessions"OR "diagnostic"OR "clinical

decision"OR "medical decision")

The umbrella term Extended Reality was included in the string alongside its cons-
tituent technologies. No retrieved study adopted it as a primary label, and the closest
case describes itself as a virtual, augmented, and mixed reality application (158), which
con rms that enumerating VR, AR, and MR was necessary to reach the eld.

Lhttps://www.scopus.com/
2https://pubmed.ncbi.nlm.nih.gov/
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2.1.1.3 Inclusion and Exclusion Criteria

The inclusion and exclusion criteria are presented in Table 2. For the identi cation of
articles, the following de nitions were considered:

An immersive virtual environment is an interactive digital simulation that deeply
engages the user, making them feel part of a digital universe. These environments
are created using technologies such as augmented reality (AR), virtual reality (VR),
or mixed reality (MR), which enable immersive and simulated interactions.

Augmented Reality (AR) and Virtual Reality (VR): Technologies that allow the cre-
ation of interactive virtual environments, where AR integrates virtual elements into
the real world and VR creates complete immersion in a fully virtual environment.

Diagnosis: The process of identifying a disease or condition based on the patient's
signs, symptoms, and test results.

Clinical Decision-Making: The process of selecting the best treatment or manage-
ment option for a patient based on available clinical information.

Table 2: Inclusion and exclusion criteria.
ID crite- Description

ria

Cl1 Articles that discuss the use of immersive technologies/metaverse in diag-
nosis and clinical decision-making.

Cl2 Studies published between 2019 and 2024.

CI3 Studies written in English.

CEl Duplicate studies.

CE2 Studies that are outside the scope of the reseatch

CE3 Secondary or tertiary studies (reviews).

CE4 Protocols, opinion, discussion and editorial papers, including letters.

CE5 Short papers with 3 pages or fewer will not be considered.

CE®6 Studies not available in full text.

Source: Own Authorship.

2.1.2 Analysis

Descriptive statistics were employed to report the count of published studies, which are
depicted in a PRISMA ow diagram shown in Figure 2. We initiated the selection of
articles from an initial pool of 1,219 studies, strictly following the inclusion and exclusion
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criteria outlined in Table 2. Throughout this process, each record was checked against
the selection criteria and those outside the focus of the research were excluded.

These are studies that are considered out of contéxin Table 2; for example, studies
addressing surgical procedures without detailing the design of the immersive structure
were excluded. Research solely aimed at training medical doctors or nurses, as well as
studies focused on developing systems for patient use, were also disregarded. Similarly,
works that merely mentioned VR, MR, AR, the metaverse, or immersive environments
in hypothetical contexts of future studies or as potential applications without a specic
focus on environment design were not considered. Studies exploring the combined use of
VR/AR and arti cial intelligence (Al) to enable diagnosis or self-diagnosis without the
direct involvement of healthcare professionals were equally excluded.

Only the articles consistent with the objectives set for the investigation advanced to in-
depth analysis. After this selection30 articles remained for qualitative and quantitative
analysis to ful Il the purposes of this review.

The search was updated to cover the publication period of the authors' own prior
study, which met the inclusion criteria and therefore appears among the 30 retrieved
studies (128). We report this self-inclusion for transparency, and it does not preclude the
research gap stated in Section 2.2.11, which the thesis addresses by extending that work.

2.1.3 Results

The analysis of the results in this section reveals a signi cant and diverse adoption of im-
mersive technologies in clinical settings, with a particular emphasis on Augmented Reality
(13 mentions) and Virtual Reality (11 mentions). Applications range from data visuali-
zation to surgical planning, which shows how broadly these technologies are distributed
across medical uses.

The Metaverse, although less cited (2 mentions), appears in health and diagnostic
applications in only two studies of the corpus. Mixed Reality merges real and virtual
elements, and in this corpus it is applied to surgical navigation and planning.

2.1.3.1 Design Methodologies in Immersive Environments (RQ1)

The analysis reveals a diversity of tools and techniques designed to enhance interactivity,
visualization, and planning in medical contexts. Haptic feedback and gestural interaction
stand out as common technigues to enrich the user experience in immersive environments.
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Figure 2: PRISMA ow diagram of the rapid literature review.

Source: Own Authorship.

Furthermore, image segmentation and three-dimensional reconstruction emerge as funda-
mental techniques in improving diagnostic accuracy and surgical assistance, particularly
in Augmented Reality.

The employment of Immersive Virtual Reality in the realm of clinical diagnosis
and 3D medical imaging visualization is underscored, fostering more intuitive and com-
prehensive interactions, as exempli ed in Immersive Virtual Colonoscopy (116). The
broader Field of View (FoV) and Field of Regard (FoR) in immersive VR settings aug-
ment the perception and comprehension of 3D structures, alongside enhancing the spatial
understanding of data sets (116). Moreover, immersive design incorporates various envi-
ronments for data visualization (160), tailored to the speci ¢ context of the data, showing
that the same technology is adapted to di erent clinical purposes.

Augmented Reality technologies are applied in some studies to improve medical
data visualization, allowing for a more precise spatial understanding, as in studies focused
on immersive data visualization (10) and guidance for surgeries (63).
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Mixed Reality technologies are used for interactive visualization in surgical plan-
ning, like the study focusing on visualization for thoracic surgical planning (137), combi-
ning virtual and real elements in the same view of the case.

ConcerningMetaverse technologies, the retrieved studies examine the motivation of
healthcare professionals to adopt them for healthcare and diagnostics (84), in addition to
the modeling of clinical sessions in the metaverse (128). There is also a study navigating
between the design of a mixed environment and a hybrid environment (154), where a
feasibility study is used to develop and evaluate a tele-ultrasound system.

Table 3: Methods, tools, and reported clinical applications by immersive technology.
Technology = Methods, tools, and techniques Reported clinical applications

Virtual Rea- Tangible and tactile interactions in Clinical diagnosis in virtual

lity one-handed interaction design with colonoscopy (116). Interactive
gestures, with haptic feedback for the visualization of bone structures and
immersive environment (116, 91). organs (91, 160, 144). Pre-surgical

Head-mounted displays such as the  planning with 3D holograms (32).
HTC Vive and the Oculus Quest,

combined with the SpectoVR

visualization software (116, 91, 160).

Augmented Human-computer visual Visualization and three-dimensional
Reality interaction (189). Image reconstruction in medical
segmentation and three-dimensional imaging (189). Assistance in surgeries
reconstruction (189, 58). Microsoft with AR guidance (63, 98).
HoloLens for orientation and
visualization of clinical data (63, 98,

170, 41, 158).
Mixed Reality Gesture and voice recognition Manipulation of chest anatomy for
interface (137). Tool for surgical pre-operative procedures (137).
navigation (96). Planning of complex procedures (96).
Metaverse Design adapted from Adoption prospects for healthcare
self-determination theory (84). diagnostics and remote patient
Simulation of clinical sessions in care (84). Modeling of health

immersive virtual environments (128). work ows in virtual
environments (128).

Source: Own Authorship.
Note: Consolidates, by technology, the methods and the clinical applications reported by the reviewed
studies, with the same citations of the text.

The analysis of the articles reveals a growing interest in and application of immersive
technologies in various areas of medicine. VR stands out for its ability to create detai-
led immersive environments for diagnosis and surgical planning, while AR is valued for
overlaying digital information to enhance the accuracy of procedures. MR o ers a hybrid
medium that combines virtual and real elements, enhancing surgical planning. The Me-
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taverse appears in the corpus in only two studies, both addressing training and remote

collaboration in health. Taken together, these immersive technologies are applied across
medical practice, research, and education, in uses that the reviewed studies describe but
whose e ect on patient outcomes they do not measure.

2.1.3.2 Immersive Environments VR, AR, MR, or XR in Clinical Sessions (RQ2)

Table 4 summarizes how the reviewed studies distribute across the immersive technologies,
and the paragraphs that follow describe each one.

Table 4: Distribution of the reviewed studies by immersive technology.

Technology Studies Main tools reported

Augmented Reality 13 Microsoft HoloLens, ARNav, Unity 3D

Virtual Reality 11 HTC Vive, Oculus Quest, SpectoVR

Immersive environments 13 HMDs, immersive projection systems, touch controllers,
eye-tracking devices

Mixed Reality 5 Microsoft HoloLens, 3D printing with CAD and CAM
work ows

Metaverse 2 Persistent virtual environments for diagnosis and
medical simulation

Extended Reality 1 Umbrella term, adopted as a primary label by a single
study

Source: Own Authorship.

Note: A study can report more than one technology, so the column of studies does not sum to the
reviewed set. Immersive environments names the studies that describe the environment itself rather
than a single display technology.

The use of VR is predominant in the studies analyzed, being widely utilized to
create fully immersive environments. The articles highlight the use of VR for interactive
visualization of bone structures, organs, and analysis of procedures for the implantation
of pins in surgeries, as well as the design of vascular grafts, indicating its application in
complex procedures where enhanced visualization can result in better surgical outcomes.
VR is mentioned in 11 articles that describe the speci c use of VR for visualization and
planning (116, 91, 160, 144, 2, 169, 4, 153, 168), the study by Oliveira et al. (128) discusses
the use of HMDs for immersion, and the study by (32) highlights the integration with
HTC-Vive for visualization. Speci c tools used in VR studies include the HTC Vive and
Oculus Quest headsets and the SpectoVR visualization software, among others.

The use of AR is widely adopted to overlay digital information onto the real world,
enhancing precision in surgeries and diagnostic procedures. Notable examples include
guidance for laparoscopic liver surgery and assistance in shoulder surgeries using the Mi-
crosoft HoloLens. AR is highlighted in 13 articles that describe the use of this technology
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as a virtual moderation tool (189, 117, 10, 58, 100, 165, 176), with the use of Microsoft
HoloLens for AR holograms (63, 98, 170, 145, 41). The integration of the Metaverse plat-
form with AR is addressed only in the study by Oliveira et al. (128), using head-mounted
displays such as the Microsoft HoloLens and the Oculus Quest, integrated with software
such as ARNav and Unity 3D (137, 63, 96).

MR combines elements of the real and virtual worlds to enhance medical visualization
and surgical planning. This technology has been applied to surgical navigation and the
planning of complex procedures, where it is used to display anatomy and the steps of the
procedure in the same space. MR is addressed in ve studies, with the Microsoft HoloLens
being the main technological tool mentioned (137, 96, 154, 98, 158). The combination
of MR with 3D printing and related computer-aided design (CAD) and computer-aided
manufacturing (CAM) work ows appears in part of this group (96, 98), while other studies
address tele-ultrasound and interaction with 2D and 3D medical images (154, 158).

The use of technologies such as thidetaverse is mentioned in health and diagnostic
contexts in two studies, indicating an emerging interest in exploring persistent virtual
environments for medical applications (84, 128). The approach is at an initial stage in
the corpus, with two studies addressing medical training and remote collaboration.

XR encompasses all forms of combined realities, including VR, AR, and MR. Despite
its wide applicability, it was only referenced in one study, as mentioned in (158), indicating
that the term includes the technologies discussed previously. The Metaverse is mentioned
in a study in the context of diagnosis and medical simulations (84).

Solutions inImmersive Environments  are created to simulate or augment reality,
providing immersive experiences that can be utilized in medical training, rehabilitation
therapy, and patient support. These environments are accessible through VR devices,
immersive projection systems, or AR for interactive overlays in the user's eld of vision.
A total of 13 studies describe the development of immersive environments, such as the
use of immersive VR for clinical diagnosis in virtual colonoscopy Mirhosseini et al. (116),
designing patient-speci ¢ vascular grafts Kim et al. (91), and pre-operative planning for
spinal surgery Croci et al. (32). Other studies address immersive VR correlated with
other technologies Sprengel et al. (160), Vigil et al. (176), Kloesel et al. (95), Tachibana
et al. (168), Allgaier et al. (2), Arias-Amezquita et al. (4), Zoraja et al. (190) e Serras
et al. (153), highlighting the use of HMDs and platforms like the Metaverse for immersive
experiences (128, 158). Technologies employed include HMDs such as the HTC Vive and
the Oculus Quest, the Microsoft HoloLens for augmented and mixed reality, and input
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resources such as touch controllers and eye-tracking devices.

2.1.3.3 Applied Immersive Technologies for Clinical Decision-Making (RQ3)

Immersive VR is applied to create detailed and immersive representations of the human
body, aiding in the diagnosis of complex conditions, as demonstrated in the virtual embo-
lization for the treatment of intracranial arteriovenous malformations (AVMs) (160) and

in the planning of reconstructive surgeries (4). Concurrently, these tools can be employed
in VR simulations, such as the VR platform designed for the planning of minimally in-
vasive cardiac surgery (MICS CABG) (168), enabling the simulation of complex surgical
procedures and o ering a valuable opportunity for risk-free surgical training and planning.

New technologies facilitate collaborative environments among professionals who are
physically distant, using AR and MR , where multiple users can visualize and interact
with the same medical data simultaneously. This is evidenced by the use of interconnec-
ted head-mounted displays (HMDs) for shared visualization (10, 158) and by specialized
remote guidance for operators in ultrasound procedures (154).

These technologies also provide support for clinical decisions in real time, as in the
image-based AR guidance for total shoulder arthroplasty, which highlights the potential
of immersive technologies to enhance the precision and safety of surgical procedures (63).
In a complementary direction, the modeling and design of clinical sessions with hybrid en-
vironments in the Metaverse extends this support toward collaborative diagnostic activity
(128).

Moreover, Virtual Reality is frequently used for clinical diagnoses (116), and for
designing prostheses, implants, or, for example, patient-speci ¢ vascular grafts (91), as
well as in the context of analysis and pre-operative planning of complex surgeries (32).

Augmented Reality , in the studies analyzed, was applied in diagnostic procedu-
res and clinical evaluations, where AR enhances visualization for diagnosis, assisting in
three-dimensional reconstruction (189) and in visualizing cardiological data such as the
heart beating process (117). Its use to support treatment, planning, and guidance during
surgeries can be of great help, facilitating the performance of a total shoulder arthroplasty
(63) or in laparoscopic surgery (145).

The use ofMixed Reality is observed in studies of planning, information analysis,
and surgical execution. For example, in the study by Perkins et al. (137), MR assists in
the resection of small pulmonary nodules, and in the diagnosis and surgeries of congenital
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heart disease using MR models (98). The study presented by Silva et al. (158) explores
the use of virtual, augmented, and mixed realities (VAMR), integrating multiple technolo-
gies to facilitate work with 2D and 3D medical imaging. This approach supports medical
procedures through the SentUS Prototype, which is compatible with the Microsoft Holo-
Lens 2 head-mounted display. The device allows for ultrasound visualization during the
examination, without the study measuring an e ect on diagnostic precision.

The Metaverse o ers a new paradigm for medical education, providing immersive
virtual environments where practitioners can simulate clinical sessions (128), improving
engagement and learning through practical experiences in a controlled environment. In the
Metaverse, studies are directed toward the adoption of these environments for healthcare
and diagnostics (84) and the modeling of clinical sessions in hybrid environments for
health work ows (128).

2.2 Related Work

This section reviews the works most closely related to our approach. It de nes rst the
terms the thesis adopts and their sources, and then examines, in turn, the design of im-
mersive and virtual collaborative environments, the platforms that support hybrid access,
the mechanisms of shared reference and social presence in mediated collaboration, colla-
borative clinical reasoning and clinical decision-making in immersive settings, the conduct
of group work by human and arti cial agents, and the measurement of communication
support in collaborative XR. A comparative overview consolidates the closest works, and
the research gap closes the section.

2.2.1 Adopted Terms and Their Sources

Extended Reality (XR) designates the family of media that combine physical and digital
elements with di erent degrees of immersion, spanning Virtual, Augmented, and Mixed
Reality along the reality-virtuality continuum of Milgram; Kishino (115). The Metaverse

Is adopted as the broader design context for persistent and shared immersive interaction,
not as a necessary label for every technology involved. Collaborative Virtual Environ-
ments, the tradition systematized by Benford et al. (9), allow distributed users to meet,
communicate, and act on shared digital content.

The thesis separates immersion, the extent to which the medium surrounds the user
perceptually, from collaborative support, what the arrangement allows participants to
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accomplish together. Its own object is named through two terms, the hybrid immersive
collaborative environment, reached through heterogeneous access modalities, and the im-
mersive hybrid clinical session, the mediated activity it hosts. Hybridness is a property of
the collaborative con guration, not an intermediate degree of immersion, and immersive
collaboration is treated as a sociotechnical arrangement of material, organizational, and
practical layers.

A clinical session is the organized encounter in which healthcare professionals exa-
mine a case, exchange evidence, formulate and revise hypotheses, and seek agreement on
diagnosis and treatment, a recurrent institutional form of collaborative clinical reasoning.

We use diagnostic closure to name the interactional achievement of a su ciently integra-
ted and defensible diagnostic account that allows the board to conclude the diagnostic
stage, without implying unanimity or objective accuracy. The thesis models this acti-
vity from clinical practice and formalizes it as a work ow that establishes the normative
organization of the session (128).

Two interactional terms come from computer-supported cooperative work. Groun-
ding, from Clark; Brennan (28), is the process by which participants establish su cient
mutual knowledge that a contribution has been understood for the purposes of the current
activity. Workspace awareness, from Gutwin; Greenberg (65), is the moment-to-moment
understanding of where collaborators are, what they are doing, and what they are atten-
ding to in the shared space. In the clinical session, the shared workspace contains the
multimodal evidence of the case, and visibility is a material precondition; shared reference
is an interactional accomplishment.

Social presence describes the extent to which others are experienced as accessible, at-
tentive, and mutually involved social actors, a multidimensional construct in the Networ-
ked Minds tradition of Biocca; Harms; Gregg (13), with its internal structure examined
by Harms; Biocca (68). From this tradition the thesis adopts two explanatory constructs,
co-presence, the sense of being together and mutually accessible, and perceived message
understanding, the belief that one's contributions are understood and that the contribu-
tions of others are understood in return. Neither is equivalent to diagnostic support.

The lens that organizes the evaluation comes from three sources. An interactive arti-
fact is a theory-nexus that materializes hypotheses about how the designed intervention
will work (22). Technology-in-practice, from Orlikowski (130), locates the technology's
role in recurrent situated use rather than in material features alone. Appropriation,
from Dourish (42), names how technologies are adopted, adapted, and incorporated into
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practice. The thesis expresses this distinction as the artifact-as-designed, the modeled
work ow, interface, objects, and interaction possibilities inscribed in the design, and the
artifact-as-enacted, the practical con guration produced when participants use those re-
sources to perform a clinical session.

Two analytical categories follow from the temporal structure of participation. When
an actor recurs across sessions, we use longitudinal appropriation to name the progressive
incorporation of the environment into that actor's practice. When actors do not recur, we
use situated functional enactment, hereafter functional enactment, to name their use of
the available resources within a single session. The thesis title uses appropriation in the
broad sense, for the family of processes through which the support is constituted in use,
and it is here that the term specializes. Which of the two becomes empirically visible in
a given setting is a question for the studies, not a premise of this chapter.

The thesis distinguishes a human-led and an Al-led conduction regime for the clinical
session. The arti cial chairperson is not an autonomous diagnostician. It is xed and
repeatable by construction, implementing a prede ned clinical-session protocol with no
learning between sessions, so the two regimes di er principally in their capacity to change
across sessions. This asymmetry is a design decision of this study, not an intrinsic property
of arti cial conduction, and under xed conduction the board members' situational work
of connecting contributions is functional enactment, not appropriation of the conducting
role.

Perceived diagnostic support is the construct this thesis proposes rather than a term
it adopts, so its de nition and operationalization belong to the summative evaluation
(Chapter 7).

2.2.2 Design of Immersive and Virtual Collaborative Environments

The design of immersive and collaborative environments is a critical component at the
forefront of digital evolution, particularly in the Metaverse era. When designing these
environments, researchers need to consider various factors, such as the capability for
large-scale collaboration and interaction (26), as well as social presence and user attention,
which can be impacted by spatial con gurations and technological asymmetry in dynamic
scenarios of MR remote collaboration (157, 106).

There are studies dedicated to developing remote collaborative visualization environ-
ments that allow users to share information interactively in mixed reality settings (106).
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In this context, the design of immersive and collaborative virtual environments provi-
des a distinctive visualization, enabling new ways of perceiving shapes, colors, sizes, and
structures of a project (147). Concurrently, new applications for these environments are
constantly emerging, especially in areas such as education and training. These solutions
can represent a safe and low-cost option, as in the case of emergency building evacuation
simulations (156). The application of shared collaborative virtual reality, which allows for
both local and remote activities, has been explored for purposes such as training, struc-
ture projection, interactive image analysis, and even medical intervention evaluation, as
discussed in recent studies (140, 184).

Additionally, immersive VR has been successfully utilized for clinical diagnosis, as in
virtual colonoscopy, where the design of immersive environments is essential for volume-
based applications, enhancing the e ciency and accuracy of diagnoses (116). Other
notable applications include surgical planning, where immersive VR enables interactive
visualization of blood ow in virtual embolization simulations (160), and the design of
patient-speci ¢ vascular grafts (91), highlighting the versatility of immersive VR in im-
proving visualization and planning in medical contexts.

The integration of immersive virtual environments for clinical sessions in the Me-
taverse underscores the cross-disciplinary application of immersive VR in teaching and
clinical activities, o ering new horizons for medical education and surgical planning th-
rough accurate simulations of surgical and non-surgical procedures (128, 4). Adoption
evidence complements these developments, with healthcare professionals reporting mo-
tivation to adopt the Metaverse for healthcare and diagnostics in a survey grounded in
Self-Determination Theory (84).

2.2.3 Platforms Supporting Immersive Hybrid Interactions

In the pursuit of technological solutions that enable e ective and intuitive collaboration

in interactions carried out in immersive environments, researchers have been exploring the
use of immersive technologies, such as HMDs that o er a high degree of immersion (11).
However, a critical issue that arises is the predominant dependence on speci c display
devices. Although they provide an attractive immersive experience, HMDs can present
challenges, including physical discomfort during prolonged use, obstruction of the physical
environment, and accessibility issues for those who cannot use these devices.

3Volume in the context of this study refers to the three-dimensional representation of the colon and
its internal structures.
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Integrating display devices that support immersive hybrid interactions in the design
process could provide a more comfortable and adaptable experience. This immersive
interaction aims to meet the needs of stakeholders located in geographically distant struc-
tures but who demand e cient and collaborative real-time communication (141). This
approach could enhance the user experience and allow for the inclusion of a more signi -
cant number of participants in clinical sessions, making this immersive environment more
accessible and practical for collaboration and knowledge sharing.

In this scenario, exploring various devices in immersive environments beyond traditi-
onal HMDs is crucial. Studies present results using various devices, such as a multitouch
table that facilitates interactive and collaborative design work with immediate feedback
(148). Other studies aim at improving collaborative environment structures focused on
furniture and equipment designers (141).

2.2.4 Shared Reference in Immersive Workspaces

For collaborators to act on the same object, each must be able to point at it in a way
the others can resolve. Such referencing is a core mechanism of mediated collaboration:
system-generated spatial guidance makes references easier to produce and to interpret,
improving task performance and communication e ciency (85), and remote guidance can
be anchored in an expert's situated spatial memory by pairing a live view of the ac-
tive workspace with a reconstruction of a familiar one (86). A complementary line of
work builds the shared space itself: volumetric telepresence brings full-body representa-
tions into cross-modality collaboration (80), volumetric hybrid workspaces let co-located
and remote collaborators negotiate proxemics and deixis around shared objects across
rooms (79), partially blended realities align only the task-relevant portions of dissimilar
physical spaces (61), and blended whiteboards recon gure the workspace as the style of
collaboration changes (62).

Beneath these systems lies the collaborative process of grounding, by which parti-
cipants establish the mutual knowledge that a contribution has been understood, at a
coordination cost the medium can raise or lower (28), sustained by workspace aware-
ness, the moment-to-moment understanding of who is attending to what in the shared
space (65). The choice of view types and visual communication cues shapes how remote
collaborators accomplish this over a shared task space (92), and these mechanisms have
begun to be examined in clinical XR: in multiuser surgical planning in VR, ephemeral
sketch cues were evaluated against the collaborators' message understanding (134). In a
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clinical session, examinations are exactly such task objects, ndings that must enter the
board's shared reference to become usable evidence.

2.2.5 Social Presence in Mediated Collaboration

Social presence is the mechanism through which continuous mediated interaction can be
experienced as support. The construct is multidimensional, spanning co-presence, per-
ceived message understanding, and related dimensions of attention and interdependence,
with a factor structure and concurrent validity established for the Networked Minds mea-
sure (13, 68), even as its conceptualization and measurement remain actively debated (97).
Interaction design modulates the experience: sharing a collaborator's perspective in VR
can strengthen co-presence and the feeling of working as a team (75), and visual avatars
combined with spatial audio shape co-presence in remote collaboration (50).

The experience is nonetheless bounded and fragile. Social VR approximates, but
does not reproduce, a co-located encounter (167), and the illusion of sharing a space
can break down in characteristic ways in mixed reality (183). Face-to-face interaction
remains stronger ground for perceived closeness in collaborative multi-turn exchange, and
how a partner is represented, robot, avatar, or human, measurably changes the commu-
nication experience (3). Mediation, however, recon gures rather than merely degrades
the exchange: stylized embodiment can elicit deeper self-disclosure than a face-to-face
encounter (78), and repeated exposure itself reshapes what a mediated encounter a ords,
as longitudinal eld evidence from mixed-reality meetings shows communicative value
shifting as novelty fades (40). Whether this experienced fabric amounts to support for a
demanding professional activity depends on the activity being mediated.

2.2.6 Collaborative Clinical Reasoning in Medical Boards

The activity our environment mediates is collaborative clinical reasoning, and its esta-
blished setting is the multidisciplinary board: tumor boards convene to reach consensus
in oncology (64), kidney-bone teams hold virtual case conferences over challenging diag-
noses (67), and a growing literature asks how such teams reason and where computational
support ts (135), treating diagnostic work as a situated, everyday practice rather than
an isolated act of individual cognition (142). The bene t of reasoning jointly is documen-
ted in virtual-patient settings, where students working together reach higher diagnostic
accuracy than students working alone (90), and diagnostic activities such as hypothesis
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generation and evidence evaluation predict success beyond prior knowledge (51). Ex-

pertise reorganizes the reasoning itself: experienced physicians mobilize organized illness
scripts where novices proceed by deliberate stepwise reasoning (124), a distinction that

matters because medical boards may convene professionals at di erent levels of expertise.
Prior work of this research modeled the clinical session as a hybrid Metaverse environment

from the interaction practices of medical boards (128).

How the encounter is conducted is itself a clinical variable: teaching a structured
communication tool measurably improves the clarity and content of interprofessional ex-
change (107). Immersive technology is entering this space along several fronts, from shared
environments for collaborating over 3D models in reconstructive surgery (120) to mixed
reality assessed as a clinical communication device in a simulated on-call scenario (129),
virtual reality compared with role-play for training empathic clinical communication (149),
and augmented reality evaluated for remote mentoring in emergency care (152) and, in
a randomized trial, for real-time support of shared clinical decision-making (188). These
evaluations, however, observe a single and typically short encounter in a controlled setting;
none follows the same collaborative activity across repeated sessions, which is precisely
the axis this thesis adds.

2.2.7 Immersive Environments for Supporting Clinical Decision Making

The use of immersive virtual environments has been discussed in medical areas, primarily
concerning the teaching-learning process. However, until a few years ago, this application
faced several technological challenges (111). With the rapid advancement of technologies
and the implementation of MR systems, this approach is already being applied to vari-
ous clinical activities and aimed at home treatments (185). Moreover, Virtual Reality
environments can provide an interactive framework for remote health assistance actions
(131).

From another perspective, healthcare professionals can benet from these environ-
ments to support the clinical decision-making process, which involves the professional's
ability to think critically, reason clinically, and make informed decisions (1). Upon analy-
zing the impact of virtual reality on clinical decision-making (83), it was identi ed that
the use of virtual simulation (136, 53) and serious games (55, 109) can assist nurses in
this process. This environment also presents an economical and easy-to-use solution for
medical professionals and students, as it compensates for the di culty of traveling to the
places of clinical case analysis (131). However, it is noted that there is a demand for new
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technological resources (software and hardware) that will support these processes and are
rapidly advancing and growing (185, 39).

As previously discussed, several studies have explored the use of Mixed Reality, Meta-
verse, and other immersive technologies with a focus on training healthcare professionals
(31), on mapping research trends in the health metaverse (24), or on implementing tele-
medicine structures (185). Further literature review indicates that Virtual Reality may
signi cantly in uence nurses' decision-making processes during training (83). Yet, there
appears to be a gap in studies speci cally targeting clinical decision-making within immer-
sive and collaborative environments. This gap underscores an area ripe for exploration,
given the advancements in AR for improving medical data visualization (10) and AR
guidance in surgeries (63), along with the potential of the Metaverse for immersive ex-
periences in healthcare (84, 128) and the development of tele-ultrasound systems (154).
These technologies, from AR to VR and MR, demonstrate a profound capacity for trans-
forming medical education, clinical decision-making, and patient care, which describes a
eld still forming, where immersive technologies are applied to healthcare practice and
education in heterogeneous ways.

2.2.8 Human and Arti cial Conduction of Group Work

A distinct body of work asks who conducts group work, and with what e ect. Embo-
died facilitation agents can guide decision-making meetings, and the agent's embodiment
changes how groups experience its guidance (155). Moderator chatbots impose structure
on deliberative discussion, with measurable e ects of both structure and facilitation on
the exchange (93), and LLM-based agents have been designed to observe meetings and
intervene so that participation becomes more inclusive (76).

In clinical work, arti cial intelligence is entering the diagnostic work ow itself: empi-
rical studies map where Al can amplify clinicians' capabilities in diagnostic practice (150),
and randomized evidence shows that LLM assistance shapes physicians' diagnostic reaso-
ning (57). Clinicians' uptake of advice depends on its perceived source, so the epistemic
weight of an endorsement is not independent of who, or what, endorses (56). Within XR,
Al has so far driven the behavior of social agents rather than the conduct of a session: real-
time Al-generated gesture was found not to change holistic interaction quality relative to
motion capture (114). What this literature has not examined is an Al conducting a com-
plete clinical session as its chairperson, releasing evidence in order, eliciting hypotheses,
validating contributions, and closing a diagnosis, nor what a xed, non-adaptive conduc-
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tion implies for a support that, under a recurring human chairperson, may be constituted

in use.

2.2.9 Measuring Enacted Support

How communication support is measured in collaborative XR is as consequential as how
it is engineered. Presence is measured inconsistently across mixed-reality studies (173),
dedicated instruments have been proposed for immersive environments (159), and medi-
ated interpersonal communication has validated instruments of long standing, including
relational communication scales (20, 37, 66), communication satisfaction (69), and the
Networked Minds social presence measure (13, 68). Criteria for robust social-presence
measurement have also been proposed (12). No validated instrument, however, targets
the support participants perceive for a diagnostic activity conducted through a mediated
session, a need the summative evaluation of Chapter 7 addresses.

Subjective report is one leg of a broader move toward measuring the interaction itself.
Functional-class coding of small-group exchange descends from Interaction Process Analy-
sis (6) and has been applied to management and design team meetings (59); turn-taking
has formal coding models (87); and clinical teams have a catalogued coding tradition of
their own, systematically reviewed for surgical teams (172). This apparatus has reached
immersive settings: Interaction Process Analysis has been applied inside a VR simula-
tion (105), communication strategies in VR have been read from objective records of
spatial dialogue through epistemic network analysis (166), and turn-taking has been pre-
dicted from open-ended group activity in VR (177). The behavioral coding of Chapter 7
joins this tradition.

2.2.10 Comparative Overview

Table 5 summarizes the works discussed above along the dimensions that de ne our set-
ting, based on the descriptions presented in this chapter. Immersion and collaboration

are common in the eld. The combination of hybrid access, a clinical decision focus, and

the mediation of a complete clinical session distinguishes the environment investigated in

this thesis.
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Table 5: Comparison between closely related works and this thesis.
Work Immersive Collab. Hybrid Clinical Session

Mahmood et al. (106)
Shin et al. (157)
Roupé et al. (148)
Pinter et al. (140)
Mirhosseini et al. (116)
Bergonzi et al. (10)
Shabir et al. (154)
Jans et al. (83)

This thesis

Source: Own Authorship.

X

XXX XXX XXX
X X X X X X

X s X X x X

2.2.11 Research Gap

The conceptual and the empirical parts of this chapter converge on the same opening. On
the conceptual side, existing concepts explain why material availability, interpersonal pre-
sence, and intelligible messages are insu cient on their own, but they do not yet specify
how patterns of resource use, coordination, mediation, and sequential uptake relate to the
achievement of diagnostic closure in an immersive hybrid session. Nor do they explain
how that relation di ers when a recurring human chairperson can adapt across sessions
and a xed arti cial chairperson cannot. On the empirical side, the works reviewed above
and the thirty studies of the rapid review draw a consistent picture. Immersive technolo-
gies reached clinical practice through visualization, surgical planning, and guidance, with
Virtual and Augmented Reality dominating the designs and the Metaverse still incipient.
Collaboration appears in remote guidance and shared visualization, and hybrid access
appears in device-asymmetric prototypes. What the literature does not yet o er is an en-
vironment that combines these threads to mediate the complete clinical session in which
a medical board integrates multimodal evidence and converges on a diagnosis, evaluated
with the professionals who hold that responsibility. This double opening motivates the
design and evaluation problem of the thesis. The summary that closes the chapter makes
the proposed relations explicit while leaving them open to empirical support, re nement,
or contradiction.

2.3 Summary

This chapter mapped the state of design of immersive environments for diagnosis and
clinical decision-making, de ned the terms the thesis adopts, reviewed the works closest
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to our approach, and stated the research gap. This nal section consolidates the concepts
and links them to the empirical studies. It relates appropriation, situated functional
enactment, conduction, mediation, and perceived diagnostic support, and it formulates
analytical expectations without turning them into a formal model. These expectations
remain open, and the empirical studies can support, re ne, or contradict them.

The consolidation is a layered relation amongnaterial provisions collaborative me-
chanisms longitudinal appropriation, situated functional enactmentand activity-level per-
ception Material provisions condition possible action. Collaborative mechanisms make
coordination possible. Appropriation and functional enactment turn possibilities into
practiced ways of conducting and performing the session. Participants evaluate the resul-
ting activity. Figure 3 represents this layered organization together with the evaluation
axes, and Table 6 turns each dimension into the analytical question it poses and names
the evidence with which Chapters 6 and 7 answer it. No arrow should be interpreted
as mechanically deterministic. A device can a ect the texture of participation without
determining perceived support, and high social presence can facilitate exchange without
guaranteeing diagnostic value.

Figure 3: Layered organization of the concepts supporting enacted diagnostic support.

Source: Own Authorship.
Note: The two-axis evaluation design is mirrored across the two conduction conditions.

The synthesis generates a set of analytical expectations. They are not universal laws
and do not substitute for the empirical analysis. They state what patterns would dis-
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Table 6: Analytical questions of enacted diagnostic support and the evidence, in Chap-
ters 6 and 7, that answers them.

Dimension Question the evaluation Evidence that answers it
must answer

Material provi- Can a medical board execute the Task validation and usability measu-

sion modeled diagnostic tasks with res of the formative studies; device-
the provided resources on eachasymmetric access sustained in the
access device? collaborative sessions.

Collaborative  How do participants establish in- Preliminary collaborative session; co-

mechanism terpersonal and referential co- presence and message-understanding
ordination through the environ- scales and the video coding of refe-
ment? rence and attention in both conditi-

ons.
Conduction Who organizes the progression ofVideo coding of conduction acts and

evidence and contributions, and their authorship in the mirrored con-
how does adaptive human con- ditions.
duction di er from xed arti cial
conduction?
Longitudinal Does the recurring chairperson's Session-by-session questionnaire tra-
appropriation  use of the environment and pro- jectories, post-session interviews,
tocol change and stabilize acrossand the behavioral trajectories of the

the successive sessions? human-led condition.
Functional How does each board ful Il its di- Within-session coding of resource
enactment agnostic responsibility within a use, mediation, and sequential up-
single session? take, read in the Al-led condition,

where no actor recurs.
Perceived diag- Do participants experience the Activity-level scale de ned in this
nostic support mediated session as helping di-chapter, applied in both conditions
agnostic work? and interpreted against the other di-
mensions.

Source: Own Authorship.

tinguish di erent theoretical readings. If diagnostic support were a property delivered

by the artifact-as-designed, it would be expected to appear from rst contact, to remain
insensitive to the passage of sessions, and to track the material di erences among access
devices. If it is constituted in use, its trajectory would be expected to follow the actor
whose practice can change, selectively, while constructs describing the general communi-
cative fabric follow a di erent course. Which of these signatures the sessions exhibit is an
empirical question.

Its central behavioral hypothesis is that patterned relations among the use of scenario
resources, the coordination of attention and contributions, acts of mediation, and the se-
guential uptake of contributions will be associated with how a board sustains diagnostic
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closure. Video quanti cation is therefore not conceived as the mere enumeration of iso-
lated actions. Events and states become theoretically informative when related to their
authorship, timing, position in the clinical work ow, referential object, preceding and
subsequent acts, and contribution to the progression from evidence presentation to diag-
nostic closure. In the human-led condition, the changes in these patterns across sessions
are consistent with the recurring chairperson's longitudinal appropriation of the environ-
ment and protocol. In the Al-led condition, the analogous patterns on the participant side
indicate functional enactment within each board, not longitudinal appropriation, since its
members do not recur and the arti cial chairperson does not learn between sessions.

The proposed relations must be interpreted relative to which elements remain xed
and which actors can change. Across the human-led sessions, the build, case, protocol, and
chairperson remain constant, and only the recurring chairperson can accumulate practical
knowledge and adapt her conduct, while board members do not recur and cannot gene-
rate a longitudinal trajectory of individual appropriation. Under arti cial conduction,
the con gured arti cial chairperson has no mechanism through which such re nement
could occur, and participant mediation is interpreted as functional enactment rather than
accumulated appropriation. Device-related variation can shape attentional demands, ins-
pection practices, onboarding needs, and the texture of participation without identifying
who accumulates knowledge across sessions. A repeated-session trajectory is consistent
with appropriation only when the actor whose practice may change also recurs and when
other evidence supports a change in that actor's conduct, whereas a at Al-led trajectory
Is compatible with the con gured absence of chairperson learning, with ceiling e ects
and cohort di erences remaining alternative explanations. The consolidated interview
evidence can support participants' attributions concerning session structuring, the inte-
gration and validation of contributions, shared evidential focus, and consensus, but it
does not establish the occurrence, frequency, timing, or sequence of the corresponding
conduct. The behavioral trajectories are compatible with adaptation by the recurring
human chairperson, the con gured arti cial chairperson is enacted repeatably, and this
reading converges with the already available questionnaire and interview evidence.

The concepts and analytical distinctions developed in this chapter discipline the evalu-
ation. Claims about interface coherence call for inspection and usability methods. Claims
about mediated interpersonal experience call for social-presence measures. Claims about
support for the diagnostic activity call for the construct de ned in this chapter, and claims
about objective diagnostic accuracy would require outcome measures beyond the scope of
this thesis. Separating a property given by design from a property enacted in use requires
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repeated sessions under an actor who can change, contrasted with access modalities that
vary across participants, and evidence layers capable of relating experience, interpreta-
tion, and conduct. The Al-led condition thereby serves as a by-construction control for
changes that, under the recurring human chairperson, could arise from the maturation
of conduct. How these requirements are operationalized, including the mirrored conduc-
tion conditions, the instruments, and the behavioral coding of the recorded sessions, is
presented in Chapter 7.

The central theoretical move of the thesis runs from the artifact-as-designed to the
artifact-as-enacted. Under human conduction, the recurring chairperson can appropriate
the environment and protocol longitudinally, enriching how successive sessions are con-
ducted. Under xed arti cial conduction, no such learning occurs, and each board enacts
the diagnostic activity with the con gured scenario, situationally mediating connections
among contributions to reach closure. Perceived diagnostic support names the board
members' activity-level judgment of the session they experienced while remaining distinct
from usability, social presence, message understanding, and objective diagnostic accuracy.
Together, these distinctions provide the basis for interpreting the empirical studies and
for returning to the guiding question of how hybrid immersive collaborative environments
can support clinical decision-making from the standpoint of user experience. The next
chapters take on this design and evaluation problem, beginning with the rationale of the
project in Chapter 3.
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This chapter presents the rationale followed in the design of the project. In the design
science trajectory of the thesis, it turns the problem understanding of the previous chap-
ters into the design commitments that the next chapters realize and evaluate. Section 3.1
links the research gap to the objective of the project and justi es the form of the artifact,
its roles, and its main design decisions. Section 3.2 describes how a clinical session runs
in the environment, and Section 3.3 closes the chapter.

3.1 Rationale of the Project

The rationale begins in the research gap stated in Chapter 2. Immersive technologies
reached clinical practice through visualization, surgical planning, and guidance, and col-
laboration appears in remote guidance and shared visualization. What the literature does
not yet o er is an environment that mediates the complete clinical session in which a me-
dical board integrates multimodal evidence and converges on a diagnosis, evaluated with
the professionals who hold that responsibility. In response, the objective of this project
is to design a hybrid immersive collaborative environment that hosts complete clinical
sessions and to understand the diagnostic support its users perceive while it mediates
their activity.

The form of the artifact follows from the activity it must sustain. A clinical session
Is collaborative diagnostic reasoning around a shared case, and its participants depend
on shared reference to the evidence under discussion. Distributed teams already meet
by videoconference. What a at shared screen weakens is the common spatial reference
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of the case, the possibility of pointing at, comparing, and jointly inspecting the same
examination as an object in space. An immersive collaborative environment restores that
common scene, in which bodies, voices, clinical artifacts, and anatomical models inhabit
the same space, so the board can ground its reasoning on the same objects, following the
concepts and analytical distinctions developed in Chapter 2. The project does not set the
environment against videoconference as an external control. That comparison answers
which medium performs better, and the question posed here is how the support comes
to exist over the course of using one medium, so the design places its contrast inside the
environment, across repeated sessions, heterogeneous devices, and two conductions. This
IS a project decision, and it bounds what the results claim.

Hybrid access is the second commitment, and it is a design requirement rather than a
convenience. In clinical settings, reliance on a single device class imposes discomfort, ac-
cessibility barriers, and organizational constraints. The environment is therefore reached
through heterogeneous access modalities that expose the same session, the same case,
and the same task sequence. The design holds the collaborative activity constant across
devices, so that access modality shapes how participants inspect and follow the session
without deciding whether they can contribute to it.

Two roles from clinical practice structure the environment. The chairperson conducts
the session, introduces the case, releases the evidence in a clinically meaningful order,
elicits and validates contributions, and recognizes when the board can close a diagnostic
stage. The medical board deliberates, requests examinations, formulates and challenges
hypotheses, and converges on the diagnosis. These roles were elicited from practice and
formalized as collaboration personas in Chapter 4. Healthcare professionals in these two
roles are the end users of the environment. Designers, developers, and researchers of
immersive clinical sessions are the audience of the body of design knowledge the thesis
consolidates in Chapter 8.

The project models the session from its practice rather than deriving it from te-
chnological possibilities. Knowledge acquired with clinicians produced a work ow that
establishes the normative organization of the session, what participants are expected to
accomplish and in what broad order (128). Fidelity to this organization is a precondition
of the investigation, since the support under study is support for the diagnostic activity,
and the activity must remain recognizable to the professionals who perform it. Chapter 4
details this modeling.

The rationale also recognizes the limits of its own derivation. A work ow elicited
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from one clinical context and materialized through design decisions can misrepresent the
practice it models. The project therefore submits the artifact to formative evaluation
cycles with XR experts, HCI experts, and healthcare professionals before the summative
evaluation, feeding the ndings back into the design cycle as revisions of the artifact.
Chapter 6 reports these cycles, and Chapter 7 evaluates the environment in complete
sessions.

3.1.1 The Clinical Artifacts and the Two Engagement Modes

The session revolves around multimodal evidence, and each kind of evidence becomes a
shared artifact in the environment, from the patient history and laboratory results to
imaging videos and the three-dimensional anatomical model. The case opens with a life-
sized patient avatar that recounts its own history, so the anamnesis enters the session as
a shared object rather than only as a document. These artifacts give the board common
objects for reference and deliberation, and they preserve the multimodality that clinical
reasoning integrates.

Each artifact can be engaged in two modes. The synchronous mode sustains the
board's shared focus, as the chairperson raises an artifact into the attention of the group.
The individual mode, available on the screen-based devices, restores each participant's
own pace, opening an artifact locally without shifting the shared focus. The coexistence
of the two modes responds to a tension of collaborative work, since joint deliberation
requires connection while close inspection requires autonomy. How the prototype realizes
the artifacts, the views, and the two modes is presented in Chapter 5.

3.1.2 The Conduction and the Two Regimes

Conduction is a design commitment of its own. The modeled session is chairperson-led
because the practice it reproduces is chairperson-led, and structured conduction is part
of what makes the exchange clinically productive. The environment therefore gives the

chairperson the means to progress the protocol, share evidence, and direct the board's
attention.

The project also distinguishes two conduction regimes. The human-led regime places
a recurring human chairperson in conduction. The Al-led regime, motivated by the for-
mative cycles reported in Chapter 6, delegates the conduction to an arti cial chairperson
that implements the same protocol. The project holds this arti cial chairperson xed and
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repeatable, with no adaptation between sessions. The asymmetry between an adaptive
human conduction and a xed arti cial conduction is a deliberate design decision, which
Chapter 7 employs as a by-construction control in the summative evaluation.

3.2 The Clinical Session in the Environment

A session in the environment runs as the conducted enactment of the modeled work ow.
The chairperson opens the case with the patient's history, shares the physical ndings,
and elicits initial hypotheses. The complementary evidence is then disclosed in a clinically
meaningful order, each examination raised into the board's shared focus, discussed, and
related to the hypotheses under consideration, until the board establishes the diagnosis
and discusses the management plan. Participants join through any of the access modali-
ties, in the same scene and under the same protocol. The full scenario of the emblematic
case, its task sequence, and the instantiation of the sessions in the summative evaluation
are presented in Chapters 5 and 7.

3.3 Summary

This chapter stated the rationale of the project. The research gap motivated an environ-

ment that mediates the complete clinical session, hybrid access followed from the conditi-
ons of clinical settings, the roles followed from practice, and the artifacts, the engagement
modes, and the two conduction regimes followed from the activity the environment must

sustain. Each commitment is realized and examined in the design cycles that follow,
beginning with the acquisition of knowledge from the practice itself in Chapter 4.
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This chapter is focused on building the necessary knowledge, and it discusses the
studies conducted that were crucial for de ning the models of the clinical practice that
ground our solution.

4.1 Application Domain

The application domain encompasses the dynamics of clinical sessions, a cornerstone
of interdisciplinary dialogue in healthcare. A standard medical clinical session involves
dynamic dialogues among healthcare professionals who collaborate to examine intricate
medical cases. During these sessions, the participants exchange clinical data, results from
diagnostic and laboratory tests, and medical images related to patients. They assess
the case thoroughly, consider various treatment possibilities, and deliberate on suitable
procedures. These sessions act as a medium for interdisciplinary exchange, enabling
specialists from diverse elds to contribute their expertise and insights, aiming collectively

at informed decision-making (48).

This research is undertaken in collaboration with distinguished partners in the medi-
cal eld. Dr. Claudio Tinoco Mesquita guides the team from Anténio Pedro University
Hospital (UFF). At the same time, the Hospital das Clinicas of the Ribeirdo Preto Me-
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dical School (HCFMRP/USP) contributes through the expertise of Dr. Marcus Vinicius
Simdes.

4.2 Kickoff Meeting

In our rst contact with stakeholders, we opted for an unstructured interview. This
method is crucial during the exploratory phase of a project, as it enables us to gather
comprehensive and detailed information that can aid in determining the project's goals,
requirements, and limitations (143). After the interview, we realized some gaps needed
to be addressed, so we conducted a clinical session simulation.

Two doctors from the cardiology department, one man and one woman, both in their
50s to 60s, participated in the interview. Both had over 15 years of experience.

4.2.1 Procedures

The interview took place in person at the hospital's laboratory and was conducted in a
conversational style by the thesis author, a doctoral candidate in computing, together
with a doctoral candidate in medicine. The interviewers asked open-ended questions to
encourage participants to share information, such a€ould you describe how a clinical
session is conducted? It is important that you do it in detail, okay? The discussion
focused on data collection about the current procedures used in clinical sessions. At the
start of the study, participants signed consent forms and were reminded that the interview
would be audio recorded. In total, the interview lasted 126 minutes.

The ethical procedures follow those described in Section 1.5, and cover the interview,
the observation, and the simulation of the clinical session reported in this chapter.

4.3 Simulation of the Clinical Session

In the context of this project, the method of Shadowing (34), which consists of following

professionals through their everyday work, inspired our observation strategy. We conduc-
ted a structured observation of a simulated clinical session, diligently following all the

procedures and operations as they unfolded. The intention was to identify the intricate

network of actors involved, narrate the events, and document the tasks performed.
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4.3.1 Participants

Two cardiologists and a medical student participated in the clinical session simulation, a
52-year-old man and two women aged between 20 and 35 years. The doctors had over 10
years of experience.

4.3.2 Procedures

The study was conducted via videoconference, with participants having the autonomy
to choose the date, time, and location of their preference. In advance, the participants
received an email containing two sections: a consent form that included a detailed intro-
duction to the study, a notice that participation was entirely voluntary, and a demographic
guestionnaire; the other was a release form for audio and video recording rights. At the
beginning of the study, participants were reminded that the study would be recorded,
and all the information in the forms was reviewed. Participants used their own devices
and kept their cameras on throughout the study. The participants were categorized into
two distinct roles: one acted as the chairperson of the clinical session, and the other two
formed the medical board. In total, the study lasted approximately 27 minutes. One of
the study authors conducted and recorded the procedure.

4.3.3 Data Collection

In this stage, we collected two types of data: (1) audio recordings of the participants
during the interview and (2) audio and screen recordings of the participants' devices and
their interactions during the clinical session simulation. The recordings were transcribed,
categorized (171), and used as input in the problem de nition stage.

4.4 De ning the Problem

This section uses the data collected during the identi cation of user needs to de ne the
personas and formulate a problem scenario.

4.4.1 Collaboration Personas

In our design project, we chose to utilize the method of collaboration personas due to its
emphasis on group dynamics. Collaboration personas are empirically derived descriptions
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of hypothetical groups of people with specic characteristics, goals, and needs. These
personas are constructed based on a framework that describes di erent types of collabo-
rations. This method enables us to gain a more precise and more accurate understanding
of the users and their demands (108). Our personas fall under the team type, represen-
ting a group with de ned membership and roles whose members work interdependently
toward a joint outcome, in this case the diagnosis and the treatment decision of the clinical
session. These personas serve as representatives of this group, embodying the individuals'
characteristics, goals, and needs.

Figure 4: Collaboration personas of clinical decision sessions.

Source: Own Authorship.

We de ned the Group name as Medical Board for Discussion of Complex Clinical
Cases. We identi ed the need for the Members to comprise at least three personas, which
we named Matthew Lee, Sarah Stark, and Emily Johnson. Please refer to Figure 4 for a
visual representation of the collaborative personas and a detailed description of the Group
goals, Members & roles and Group work style.

4.4.2 Setting the Scenario

As the chairperson of the clinical session, Sarah initiates the rst task, accessing patient
information through her notebook. Meanwhile, Matthew, part of the medical board,
employs his laptop, as Emily does with her smartphone. They each contribute from their
respective workplaces within the hospital.

Sarah presents thepatient description and history of symptoms . She details
the clinical case, addressing the patient's reason for the visit, symptoms shown, and the
duration of these symptoms. Sarah aims to create a clear and understandable image of
the patient's situation. Sarah presents thepast pathological history and regular
medication of the patient. She describes the patient's previous medical conditions and
the medication the patient is currently on. During this stage, Sarah maintains an open
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conversation, allowing Matthew and Emily to ask questions if there is any ambiguity. Sa-
rah then presents theresult of physical examination . She asks some inferred questions
based on the previous presentations, providing additional information that could aid in
interpreting the clinical case. These questions, referred to as guiding questions, are inten-
ded to elucidate more details about the patient's condition. Sarah presengdl exams ,
except for a speci c one that Matthew must present, as he has the required system to
display it. Matthew then presents the exam that only he can display. He explains the
exam's results and details clearly and allows for questions from Sarah and Emily. Sarah,
Matthew, and Emily move to the discussion of diagnostic hypothesis . During this
stage, Sarah keeps a facilitator role, encouraging Matthew and Emily to voice their views
and hypotheses. If they reach a consensus on the diagnosis, they move todiseussion
about proper treatment . Sarah, Matthew, and Emily discuss possible treatment op-
tions, considering the patient's medical history, age, lifestyle, and other relevant factors.
If there are remaining doubts after the discussion, theyequest more exams to get
further details on the patient's condition. Sarah, Matthew, and Emily discuss what kind
of exams should be requested and formulate a plan for the patient's follow-up.

4.5 Interaction Proposals

Unstructured interviews are an informal approach to gathering insights, where the con-
versation is more akin to a guided discussion than to a strictly structured questionnaire.
They are instrumental in the exploratory stages of a project, where the aim is to collect
rich, detailed information that can help de ne the project's objectives, requirements, and
constraints (143). This interview was carried out in a conversational format. In this con-
text, we applied the Thinking Aloud Interviews (TAI) technique, in which the physicians
produce retrospective verbal reports about how they carry out their interactions and how
they would like to carry them out.

4.5.1 Recruitment and Participants

Given that a medical board can consist of various healthcare professionals who predomi-
nantly have con icting schedules and tight agendas, it is crucial to consider these factors in
participant recruitment. Therefore, we recruited active participants in the same university
hospital to expedite and facilitate the data collection scheduling process. Consequently,
we recruited three participants, each assuming a speci ¢ role during the clinical session.



4 KNOWLEDGE ACQUISITION AND MODELING 61

The participants consisted of a 58-year-old male and two females aged 32 and 25, all of
whom are specialists in cardiology. These participants are respectively: Participant 1
(Matthew) - This individual is a specialist cardiologist who directly interacts with the
patient; Participant 2 (Sarah) - This participant is also a cardiologist; and Participant 3
(Emily) - This participant is a cardiologist specializing in hypertension.

45.2 Procedure

The interview was conducted via video conference, with participants given the autonomy
to select their preferred date, time, and venue. They were all informed that the interview
was expected to last around 90 minutes, planned as a continuous block, and they were
advised to choose a quiet and comfortable setting. Ahead of time, participants were sent
an email containing a form with two sections: one was a consent form that included a
detailed introduction to the study, a notice that participation was entirely voluntary, and

a demographic questionnaire; the other was a release form for audio and visual recording
rights. As the study commenced, participants were reminded that the interview would be
recorded, and all the information contained in the forms was reviewed. Participants used
their own devices and kept their cameras switched on throughout the study. The thesis
author executed and recorded the procedure.

45.3 Collection Protocol for TAI

We exapted (60) the data acquisition protocol of Law et al. (99), instantiating it in the
context of the clinical session. The thesis author collected the TAIs through interviews
conducted with doctors at the university hospital. We interviewed three doctors, each de-
tailing their interactions during the clinical session in two ways: how they CURRENTLY
carry out interactions and how they aim to change them, the TARGET. The interviews
lasted between 14 and 20 minutes, all recorded on video. Here, we describe the procedures
we adopted:

1. We instructed the participants to describe all their interactions during a clinical ses-
sion. We emphasized that they should not censor their speech and should describe
their interactions in the chronological order of events. Furthermore, we reques-
ted that the participants verbalize their actions, ideas, and feelings as precisely as
possible, following the think-aloud technique.
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. Each participant described their interactions from the perspective of a clinical ses-

sion chairperson and medical board member.

. To aid participants in recollecting the most recent scenario, the researcher revisited

parts of the con gured scenario (4.4.2), which does not provide information on
interactions.

. Should the interviewer nd the account lacking clarity or consistency, they would

use open-ended questions to delve deeper. For instanéxuld you please provide
me with a more detailed explanation of your interaction? , Can you please describe
the interaction and how it made you feel?

. We then asked the participants to describe the situation again, this time imagining

how they would perform the task in a way that would make it less burdensome,
more practical, or more interesting (TARGET). We placed no restrictions on their
proposals and always closed by asking for one more idea, even when they found it
di cult to propose one.

. Every new interaction proposed by the participants, provided it had no inconsis-

tency, was designated as a TARGET interaction and set aside for future analysis.

The TAls highlighted in this study consider the frequency concerning the personas’

insights. Table 7 presents TAls used in the modeling process (Subsection 4.5.4).

Table 7: Proposals for new interactions.

Id Personas TAIs

01 Matthew So | would like to see the patient's exams at any time. Occasionally, |
have to ask my colleague to show it again. This bothers me.

02 Matthew | can't stress enough how much | care about keeping medical exams safe.
It's just so important.

03 Matthew | think that all equipment must have a visualization of medical exams.

04 Sarah We usually print a 3D part, and sometimes | show it o through a web-
cam. That'll be a breeze in the Metaverse, right?

05 Sarah Leaving everything ready at the end is interesting. We usually have to
resume a case. So this can help medical students to gain experience or
even other colleagues.

06 Emily The use of avatars could make our discussions more interactive if it pre-
sents the patient description and history, for example.

07 Emily | want to see an exam that not all of us need to see. | want to skip

straight to a part.

Source: Own Authorship.
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4.5.4 Modeling Clinical Session

In the design of interactive systems, one of the main steps in the user-centered process
is the collection of qualitative data. Nevertheless, transforming the data into organized
models that serve as a basis for development can be complex (27). One obstacle is the
personal interpretation of the modeler and how their knowledge a ects the qualitative
data gathered. This can lead to a bias, resulting in an incorrect depiction of the original
data. This disparity causes an unwanted di erence between the user's requirements and
the system's functionality. To overcome this obstacle, we decided to use the approach
suggested by Law et al. (99), which allows the creation of BPMN models from data col-
lected in interviews. The method is divided into three steps: Segmentation, Classi cation,
and Modeling. Additionally, the BPMN model will serve as a basis for the design process
(Figure 5E).

1. Segmentation : The TAIl is divided into more manageable sections using verbs as
a reference (Figure 5B).

2. Classi cation : Each segmented unit receives a category, and we retain only those
units that identify tasks (Figure 5C).

3. Modeling : During this step, we convert the categorized units into a BPMN model
(Figure 5D)

Figure 5: BPMN model of the clinical session work ow and of the modeling method.

Source: Own Authorship.

Note: A) The rst task of the process. B) Thinking Aloud Interviews. C) Segmentation and

classi cation. D) A BPMN model is created for user-de ned interaction. E) Interaction design using the
BPMN model.
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Our process involves using TAls generated from interviews to draw insights gathered
from persona inputs and shadowing observations. This approach enabled us to create a
BPMN Model that outlines the steps involved in conducting a clinical session. Figure 5
illustrates the BPMN model, which presents the process utilized during clinical sessions
and a sample methodology for modeling.

To clarify how these models take shape, we present a walkthrough of the modeling
process. We used this method to de ne the interactions associated with the Patient
Description and History of Symptoms task (Figure 5A). Our example is grounded in the
TAI acquired from participant P3 (Figure 5B). This particular TAI underwent a process
of Segmentation and Classi cation (Figure 5C), ultimately shaping the resultant BPMN
model (Figure 5D).

4.6 Summary

This chapter converted the practice of clinical sessions into design knowledge. The kicko
interview and the shadowed simulation revealed how the session unfolds, the collaboration
personas expressed who participates and with which goals, the con gured scenario nar-
rated the session end to end, and the Thinking Aloud Interviews turned the physicians'
own proposals into modeled interactions. The BPMN work ow consolidates this material
and establishes the normative organization of the session, what participants are expected
to accomplish and in what broad order. Chapter 5 materializes these models in a hybrid

prototype.
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Figure 6: Prototype for clinical sessions in hybrid environments.

Source: Own Authorship.
Note: A) Notebook view. B) Smartphone view. C) Head-mounted display view.

This chapter focuses on the development and signi cance of the prototype, which is
central to our research. The prototype is a tangible representation of our concepts and
theories, providing a practical context in which our study operates, see Figure 6. During
the initial phase of planning the clinical session, we prioritized user needs and interface
layout, ensuring that our prototype would be user-centric and functional. This approach
allowed us to re ne our ideas through iterative design and testing, thus bridging the gap
between theoretical understanding and practical application. The prototype facilitates the
exploration of real-world implications and usability of our research and acts as a critical
tool for feedback and further development. Through this chapter, we aim to detail the
process of creating the prototype, demonstrating how it embodies our research objectives
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and contributes to the eld of study.

5.1 Clinical Case and Simulated Data

The case in focus is cardiac amyloidosis. A three-dimensional model of the patient's heart
is utilized for its analysis. This model assists in a detailed evaluation of the condition.
The case involves collecting essential data, such as the patient's laboratory tests, medi-
cal records, and imaging exams, all necessary for a comprehensive understanding of the
disease.

The medical exams used in this prototyping stage and in the validation of the modeled
tasks were generated by specialists who work at Anténio Pedro University Hospital.

5.1.1 Setup

Our prototype development leveraged a suite of industry-standard tools. Unity 3D
known for its powerful 3D rendering capabilities and broad cross-platform deployment,
acted as our primary development environment. Its integration with Spatial.io relies on
the Spatial Creator Toolkit, an SDK that the platform provides for Unity. Blender,
open-source software supporting a comprehensive range of 3D development tasks, faci-
litated 3D modeling. Blender's compatibility with Unity 3D allowed the 3D models to
be integrated into the prototype. We used Instant Meshes (82) for retopology, which
became crucial in handling the complex hospital-provided meshes that contained millions
of points and edges. Instant Meshes converted these detailed 3D models into optimized,
low-polygon meshes. This optimization improved real-time rendering e ciency within
Unity 3D, signi cantly contributing to the prototype's overall performance.

5.2 Platform Choice

In order to support the prototype, we searched for a suitable platform (see Figure 7).
Building one from scratch was not practical, so we looked for an existing platform that
met our design requirements and allowed for customization. The design requirements
are identi ed in Table 7 in their raw form as we chose to omit the BPMN models. The
Spatial.io platform satis es several design requirements for our clinical session model.

LUnity 3D - https://unity.com/
2Blender - https://www.blender.org/
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