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Abstract. Extended Reality (XR) is transforming sectors like educa-
tion, healthcare, and construction. With its potential for simulating real-
world scenarios, XR’s role in digital transformation is increasingly rec-
ognized. This shift necessitates XR education expansion beyond STEM,
addressing the needs of humanities and social sciences students to under-
stand these technologies’ applications, ethics, and societal implications.
This paper investigates the integration of XR into three Master’s courses
in communication sciences. It emphasizes the importance of practical en-
gagement with XR through user testing, hands-on projects, and devel-
oping a critical stance towards UX and related issues. The study utilizes
an exploratory case study approach, leveraging participant observation,
assignments analysis, and student feedback. Findings highlight the value
of XR in enhancing student engagement, understanding, and the ability
to propose inclusive design solutions. Despite challenges linked to large-
scale implementation and the absence of advanced programming courses
in social sciences and humanities programs, XR integration serves as a
powerful tool in raising awareness about designing user-friendly, secure,
and inclusive immersive systems.
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1 Introduction

Extended reality (XR), an umbrella term for technologies like augmented real-
ity (AR), virtual reality (VR), and mixed reality (MR), has emerged as a trans-
formative force, merging the digital and physical realms [15]. The immersive
nature of XR technologies, exemplified by AR and VR, has already penetrated
sectors such as education, healthcare, and construction. Notably, VR has made
significant inroads in healthcare, particularly in surgical simulations, owing to its
capacity to simulate real-world scenarios [9]. Immersive experiences simulation,
and digital twins are recognized as pivotal drivers of digital transformation, with
Gartner [8] asserting their more substantial role compared to other technologies.
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Meanwhile, challenges in XR, span user experience (UX), ethical considerations,
inclusion, and cybersecurity, posing multifaceted issues in the scientific domain.

In this context, the imperative arises to extend XR education beyond tradi-
tional health sciences or STEM disciplines. Humanities and social sciences stu-
dents, whose professions (e.g. anthropologist, economist, lawyer) are or will be
affected by digital transformation, need to comprehend and study these technolo-
gies [6]. This involves identifying current and potential applications, analyzing
user attitudes, formulating recommendations for improvement, and understand-
ing associated issues such as data protection, ethics, and inclusion. Students in
communication sciences are no exception to this imperative. Broadening edu-
cational scopes ensures a comprehensive understanding of XR technologies and
their societal implications [6]. This raises the following research question: How
to seamlessly and efficiently integrate XR into humanities and social sciences ed-
ucational programs while preparing students for challenges associated with XR?

Using a multiple exploratory case study design, this paper delineates the
integration of immersive technologies into three courses within the Master’s pro-
grams in communication sciences at Université catholique de Louvain (UCLou-
vain): design and evaluation of prototypes, user experience, and project manage-
ment. Across these three courses, the pedagogical objectives aimed to provide
students with a theoretical and practical foundation for appropriating XR tech-
nologies, identifying their key features, and fostering a critical stance toward
them. The critical stance particularly concerned UX, user engagement, accep-
tance, or data protection. The common threads among the courses are:

1. Conducting user tests following an experimental protocol collaboratively de-
fined by students during classes,

2. Using UX as cornerstone while defining the experimental protocol.

Additionally, students were tasked with hands-on projects, such as creating
multimedia content for an AR prototype (case 1), describing interaction modal-
ities and affordances of an existing VR prototype (case 2), and storyboarding
optimistic and pessimistic VR experiences related to cybersecurity and data
protection (case 3).

The paper explores the intricate ramifications of digital transformation, show-
casing the viability and significance of equipping students in humanities and so-
cial sciences for the multifaceted challenges and opportunities presented by im-
mersive technologies. Specifically, the paper delineates the instructional designs
of the three courses, outlining requirements for technical and logistical support,
and offering insights derived from the practical implementation of immersive
technologies in these educational contexts. Subsequently, the paper examines
student performance metrics, including attendance, participation, production
quality, and grades, alongside solicited feedback pertaining to the instructional
design of the courses. Finally, the discussion extends to the scalability of the
course instructional designs, considering their applicability to larger student co-
horts or undergraduate programs.
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2 Background

Extended reality (XR) encompasses a broad spectrum of experiences that merge
the virtual and real worlds, achieved through the integration of various immersive
technologies (Figure 1). According to [19], VR is defined as a computer-generated
simulation that transports the user to a different, computer-generated environ-
ment; AR uses digital devices to overlay additional sensory information (sounds,
objects, avatars, graphics, labels, etc.) on the real world, which provides contex-
tual information that enhances appearance, delivering an enriched interactive
experience; MR combines elements of AR and VR, which allows for the inter-
active and real-time overlay of virtual elements within the real world, providing
an environment in which virtual and physical objects coexist and interact.
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Fig. 1. Examples of VR (left), MR (center), and AR (right) systems. Photos by Un-
known Authors licensed under CC BY (left and center), CC BY-NC (right).

2.1 Challenges associated with XR

XR has integrated into various sectors, such as education, healthcare, market-
ing, pharmaceutical production, and construction, demonstrating their versatil-
ity and comprehensive applicability. Despite the transformative potential of XR,
its widespread acceptance and seamless integration are challenged by a spectrum
of issues spanning technical, societal, and ethical dimensions.

Technical challenges. Advancements in XR technology have been propelled by
significant strides in object detection, motion tracking, gesture recognition, and
the substantial growth of artificial intelligence. These advancements have pro-
foundly enriched the understanding of human-machine interactions. Further tech-
nological progress in 3D rendering, such as hologram projection, has enabled
more realistic and immersive virtual experiences [2]. However, the high cost of
XR hardware, like VR headsets, constitutes a barrier to mass adoption. More-
over, the accessibility of these technologies is restricted, especially in settings
with limited resources. Lastly, the management of sensitive biometric data and
the risks of cyberattacks demand robust security protocols and stringent privacy
safeguards to protect user data and foster trust in these technologies [22].
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UX challenges. User experience (UX) goes beyond usability [14] and is defined
as user’s perceptions and responses that result from the use or anticipated use
of a system, product or service [26]. UX is pivotal in shaping the success of XR
technologies, as a well-designed UX not only ensures usability but also enriches
user engagement, fostering a deep and intuitive connection with the technology.
In the context of XR, UX challenges are multifaceted [12], including the cre-
ation of immersive content that is both compelling and contextually relevant,
designing interactions that feel natural and intuitive, and ensuring the system’s
performance is seamlessly synchronized with user actions. The evolution of UX
into a driver of innovation highlights its role in the deployment of XR tech-
nologies, where real-time responsiveness and adaptive interfaces are crucial for
meeting user expectations and enhancing their immersive experience [17].

Societal and ethical challenges. While XR technologies offer immersive experi-
ences, they bring significant societal and ethical challenges. Issues related to the
collection and potential misuse of biometric data pose serious privacy risks [2].
Moreover, the immersive nature of XR technologies raises ethical considerations,
particularly concerning vulnerable groups like children or individuals with men-
tal disorders, who may be more susceptible to the psychological impacts of these
technologies [25]. Furthermore, prolonged exposure to XR environments presents
health concerns, while accessibility and inclusion remain pressing challenges, em-
phasizing the need for XR environments and interfaces that are universally acces-
sible and non-discriminatory [3]. Addressing these societal and ethical challenges
is crucial for fostering a responsible and inclusive evolution of XR technologies.

2.2 XR for education

XR technologies facilitate the creation of immersive educational experiences that
substantially enhance academic performance [7], stimulate active participation,
and ultimately cultivate a learning environment that is both enriched and engag-
ing. By replicating real-world scenarios, XR provides learners with practical ex-
posure within a secure and controlled setting. Moreover, such simulations bridge
the gap between theoretical knowledge and its practical application, an integra-
tion that proves especially pivotal in fields such as architecture, engineering, and
healthcare, where grasping the practical ramifications of theoretical knowledge
is paramount. At this stage, proficiency in XR technologies is crucial, proving
vital for industry professionals and for those orchestrating the deployment of
these technological infrastructures. For these individuals, learning XR technolo-
gies involves not only mastering the tools but also gaining a deep understanding
of technological, economic, and ethical issues. In this context, the ability to iden-
tify and skillfully address technical, ethical, or user experience (UX) challenges
is crucial for these future professionals.
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3 Methodology

3.1 Objective and related approach

The paper explores strategies for seamlessly and efficiently integrating XR into
educational programs, ensuring the preparation of students in humanities and
social sciences for challenges associated with XR. Specifically, the paper aims to
provide insights into the how-tos of XR integration:

— How to align with course learning objectives;

— How to adapt to students’ profile;

— How to maintain academic performance and student engagement, particu-
larly when students may be unfamiliar with the technology;

— How to prompt students to critically reflect on XR, encouraging a forward-
looking perspective on the evolving technological landscape.

To pursue this objective, we opted for a multiple exploratory case study de-
sign. First, case study designs are suitable to address how and why questions [1],
or to explore situations involving multiple variables (i.e., students’ engagement
or familiarity with XR) that cannot be controlled [23]. Second, we chose an
exploratory approach, as XR integration in humanities and social sciences pro-
grams has no clear, single set of outcomes [1, 23|. Finally, multiple cases allowed
us to explore differences between cases [1].

3.2 Description of the three cases

We selected three case studies, each corresponding to a specific course taught in
the communication sciences master’s programs at UCLouvain (Table 1), based on
both the relevance of XR integration in students’ curriculum and the consistency
of XR integration against each course’ learning outcomes.

The selected cases focus on prototyping (case 1), user experience (case 2),
and project management (case3). Distinguishing features emerge in the specifics
of each case. Notably, the type of prototype utilized diverges across the cases,
ranging from AR in case 1 to VR in case 2 and storyboard in case 3. Additionally,
students carried out user tests individually in cases 1 and 3, and in group in
case 2. Although evaluation methods exhibit slight diversity, all cases place a
high emphasis on group assignment, reaching 60% in case 3. Finally, the hours
allocated to each course vary significantly, with cases 2 and 3 requiring twice the
time compared to case 1, demanding substantially fewer hours.

All three cases share common elements: each course carries a weight of 5 Eu-
ropean Credit Transfer and Accumulation System (ECTS), suggesting a similar
level of academic commitment; the class sizes are notably consistent across dif-
ferent cases; and the students exhibit homogeneity in terms of socio-demographic
attributes. More importantly, all three cases rely on user experience as a corner-
stone, and as such, they all involve user testing.

Figure 2 depicts the instructional design in cases. All three cases involved an
acclimatization phase, user testing phase, and jury. The acclimatization phase
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Table 1. Description of the three cases. ECTS stands for European Credit Transfer
and Accumulation System.

Case 1 Case 2 Case 3

Course prototyping user experience project management
ECTS 5 5 5
Hours 15 30 30
Semester Spring 2023 Spring 2023 Fall 2023
Students 27 30 33
Type of prototype AR VR Storyboard
Experimental protocol collaborative collaborative collaborative
User test individual  in group (13 teams) individual
Data analysis collaborative collaborative collaborative

Students’ evaluation modes
Knowledge test - 25% 40%
Individual assignment 50% 25% -
Group assignment 50% 50% 60%

aimed to ensure that students acquire the fundamentals in each course. For ex-
ample, it included an overview of prototyping techniques in case 1, exploration
of methods, practices, and UX artifacts in case 2, and a combination of agile-UX
methods and techniques for project management in case 3. Additionally, case 3
introduced role-play to put into practice the theory seen during the acclimatiza-
tion and enhance social interactions during class. In cases 2 and 3, a demonstra-
tion session was incorporated to familiarize students with XR technology. The
user testing phase presented students with a hands-on opportunity to directly
engage with XR technologies, bridging the gap between theory and practice. This
phase is dynamic and integral to the curriculum. User testing involved creating
the experimental protocol, carrying out the user test, and analyzing collected
data. In all three cases, both the creation of the experimental protocol and data
analysis took place collaboratively during classes. Students performed user test
data collection individually in both cases 1 and 3, and in groups in case 2. The
jury evaluation served as a significant assessment of students’ comprehension
and practical application of XR principles. In all three cases, we tasked students
with the consolidation of results and findings in one single presentation, so as to
present an integrated perspective of the phenomenon investigated.

3.3 Methods for data collection

We used participant observation during face-to-face classes and screened the
publications on the courses’” MS Teams to collect data about attendance, par-
ticipation, and engagement. We analyzed group and individual assignments to
assess academic performance (quality of students production and grades). We
tasked students with documenting their feedback about the system under inves-
tigation and their experience with the instructional design in a single document
per working group.
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Case 1: 27 students, 5 ECTS, 15 hours, AR
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Case 2: 30 students, 5 ECTS, 30 hours, VR

wl w2 w3 w4 w5 w6 w7 w8 w9 wi0 wll wl2 wi3 wid

acclimatization demo user testing jury

Y IINKNERKX X aEees
B0E8 i@ il

H5P test group group

Case 3: 33 students, 5 ECTS, 30 hours, storyboard

wl w2 w3 w4 w5 w6 w7/ w8 w9 wil0 w1l wil2 w13 w14'

acclimatization role play demo user testing jury
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Fig. 2. Instructional design of each case. F2F stands for Face-to-Face, ECTS for Eu-
ropean Credit Transfer and Accumulation System.
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3.4 Casel

We tasked students with generating content to be incorporated into a rapid pro-
totyping tool for AR systems. Specifically, students created in groups (5 groups)
a scannable poster that would redirect to a multimedia content such as a video,
image, audio (Figure 3), therefore producing five prototypes in total, one per
group. Then, students carried out user tests individually, which required them
to recruit one participant who tested the five AR prototypes. Subsequently,
students administered the recruited participant a questionnaire regarding user
experience and engagement. At the end, the raw data was shared among all
the groups, allowing them to conduct analyses based on the raw data. Students
prepared the user test material in-class during week 5 and analyzed the data
in-class during week 7 (Figure 2). The material included:

— An online consent form allowing us to use data for research purposes;

— A checklist for assessing participants’ performance (errors and hesitations);

— Six scales of the UX questionnaire (UEQ+) [24], namely attractiveness, ef-
ficiency, intuitive use, aesthetics, quality of content, and trust;

— The user engagement scale (UES) short form [21];

— A form allowing students to collect participant feedback.

Students presented collaboratively the results during week 8 (Figure 2), dis-
cussing each component of the experimental design separately. For example, stu-
dents emphasized the relatively mitigated results regarding both user experience
and user engagement. They argued that these outcomes were "predictable" since
the look and feel of the tested AR prototypes were perceived as low-fidelity by
the participants. Furthermore, students highlighted the limitations of the content
they created, which was evaluated as having limited engagement.

TOIAUSSITU "t NOUS AUSSI !
CHERCHES UNE PRISE  ON CHERCHE ENCORE...
POUR BRANCHER TON

WANTED

¥
—*
A $$55$

SCANNE-MOI
(c) (d)

| SCAN AND
PINTE !

TROUVE TA PROCHAINE SOIREE

PAINS SAUCISSES ET BIERES

Fig. 3. AR prototypes. Example 1: users scan the poster (a), then information about
next student parties appears (b). Example 2: users scan the poster (c), then a joke
about the lack of electrical outlets appears (d).
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3.5 Case 2

We tasked students with evaluating and formulating redesign proposals for an
existing VR prototype. The VR prototype supports the arrangement of living
spaces in a virtual world, including the selection of furniture and wall colors
from a catalog. The immersive experience takes place under a VR headset with
controllers that enable movement and interaction (Figure 4).

Similar to case 1, case 2 also included tasks such as developing the experimen-
tal protocol, conducting user tests, and sharing and analyzing data. However,
students worked in groups throughout the process, and there were slight changes
in the timeline, with the preparation of experimental material spanning weeks
6-8 and analysis occurring during weeks 11-13 (Figure 2). Like in case 1, the
resulting material included a checklist for assessing participants’ performance,
eight scales of the UEQ+ (efficiency, dependability, intuitive use, haptics, stim-
ulation, visual aesthetics, quality of content, acoustics), the UES short form,
and a form allowing students to collect participant feedback. However, the ma-
terial also included an onboarding kit for participants, and we added impression
testing [12] to gather participants’ initial impressions about the virtual world.

Students presented collaboratively the results during week 14 (Figure 2),
discussing each component of the experimental design separately, as well as lim-
itations in the VR prototype. For example, students identified several inclusion-
related concerns (e.g. white male hands of the avatar), and also proposed a set
of recommendations for improvement (e.g. integration of auditory elements to
deepen participant immersion).

Heatmap Head tracking

Stopwatch |
E—
| B
Monitor screen — ¥

Fig. 4. VR prototype. Top: heatmap (left) and head tracking (right). Bottom: experi-
mental setting.
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3.6 Case 3

We tasked students with designing and evaluating VR scenarios through a story-
board representation system. They crafted four scenarios, categorized along two
dimensions: utopian versus dystopian scenarios, and the inclusion or exclusion
of details about cybersecurity risks in the consent form.

Similar to cases 1 and 2, case 3 also included tasks such as developing the
experimental protocol, conducting user tests, and analyzing data. In addition
to the consent form, the material included scales of the technology acceptance
model (TAM) questionnaire (usefulness, perceived ease of use, attitude, behav-
ioral intention, enjoyment) adapted to VR technology [16], scales for assessing
perceived cybersecurity risks [10], and a form allowing students to collect partic-
ipant feedback. The students collaborated in groups, with each group producing
storyboards and consent forms. Following a peer review of these works, the in-
structor selected one group’s output. Subsequently, this chosen material was
utilized uniformly by all students for user testing.

During week 14, students collaboratively presented the results (Figure 2),
delving into each aspect of the experimental design. They discussed both the
advantages, such as resource efficiency, and the limitations, such as low-fidelity,
associated with using storyboards for user testing. Additionally, they empha-
sized the significance of designing experimental materials that closely match the
situations one intends to generalize the results to.

Au début du jeu, tout se
déroule parfaitement. Vous
créez votre premier avatar et
apprenez les fonctionnalités
dujeu.

-
oi:

-
Dans un futur proche, le jeu vidéo Fatal
Games fait fureur. Ce jeu en réalité
virtuelle consistea s'immerger dans un
monde épouvantable dans lequel des
joueurs s'affrontentjusqu’a ce quiil ne
reste qu’un seul survivant.

me commence a dysfonctionner : vous n'arrivez pl
ompte que votre ca hauffe. Lorsque

Le lendemain, vous lancez une nouvelle
partie. Bizarre : votre avatar a été
meodifié. Mais vous ne vous inquiétez
Ppas plus que ¢a, et commencez la

Wanieﬂ

Fig. 5. Top - Utopian scenario (left: introducing VR technology; right: illustrating a
positive user experience). Bottom - Dystopian scenario (left: introducing a security
breach; right: suggesting user’s death after the headset exploded).
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4 Findings

The pedagogical approach involving user testing and (re)design activities con-
tributed to a comprehensive understanding of XR technologies and their appli-
cations. For example, students were able to grasp the advantages (e.g. capacity
of simulation) and limitations (i.e. lack of inclusion) of XR technologies.

The collaborative nature of the learning experience implemented in these
cases yielded positive outcomes. Table 2 presents for each case the number of
students, dropouts, and mean grades. The number of students is similar among
each case, with no dropouts in case 1, but a slight increase in dropout rates
in cases 2 and 3 (7% and 9%, respectively). Despite broad ranges of grades,
academic performance was above average, with high attendance to courses and
implication in F2F and distant activities. For example, all students conducted
user tests and delivered complete user data collection.

Table 2. Students’ academic performances per case.

Case 1 Case 2 Case 3
Course prototyping  user experience project management
Type of prototype AR VR Storyboard
Experimental protocol collaborative collaborative collaborative
User test individual collaborative individual
Data analysis collaborative collaborative collaborative
Students 27 30 33
Dropouts 0 2 (7%) 3 (9%)
Mean grades (%) 7 73 70
Range grades (%) 60-82 55-87 64-85
Course attendance high high high
Students’ implication high high high
Critical thinking medium high high

4.1 Casel

Students identified several issues with the fast prototyping tool for AR. Key prob-
lems included the application’s incompatibility with various operating systems,
including some Android smartphones, and malfunctioning when attempting to
scan a poster more than once or different posters in succession, necessitating an
application restart. Additionally, the placement of posters in high-traffic areas
posed challenges. Students’ notable errors involved administrative oversights,
such as two students failing to have the consent form signed.

The course was perceived as innovative, offering students a unique oppor-
tunity to explore AR within their curriculum. Highlights include the practical,
hands-on experience that allowed for real-world application of classroom knowl-
edge, conducting user tests outside the course, and learning about tools (obser-
vation grid, UEQ+, UES) beneficial for future careers in communication. The
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approach facilitated team-building skills, adherence to deadlines, and an ethical
understanding of data collection, including the development of a confidentiality
charter. Additionally, students appreciated the creative freedom to design visuals
and select poster themes, enhancing their learning experience and engagement
with the course material.

Within this innovative setting, the fast prototyping tool for AR has the poten-
tial to support larger student groups effectively, offering expansive educational
benefits when aforementioned issues are systematically addressed.

4.2 Case 2

During user tests, students encountered several technical difficulties that im-
pacted data collection. These challenges included poor Wi-Fi connectivity that
significantly degraded image quality and caused latency in immersive sessions,
as well as frequent or prolonged system crashes. The premature activation of
the sleep mode on the VR headset before the commencement of user tests also
contributed to stress among participants.

Errors committed by students involved deviations from the experimental pro-
tocol, such as unnecessarily prolonging the duration of impression tests beyond
the specified time, a failure to accurately log encountered errors, and an omission
in the collection of vital data segments. Furthermore, survey administration was
compromised by translation inaccuracies and imprecise instructions, undermin-
ing the reliability of the collected data.

The course was perceived as innovative, offering students an opportunity to
explore VR within their curriculum. Students proposed redesign solutions to-
ward more equality and inclusion in the VR prototype, which is in line with
the major challenges associated with immersive technologies [4,5]. From the
jury’s perspective, the instructional initiative provided a detailed exploration of
the advantages and current challenges in incorporating immersive technologies
into educational settings. Emphasis was placed on the need to develop a UX
maturity model tailored to the specific demands and challenges faced by immer-
sive technologies and their development teams. The analysis pointed out that
while certain immersive experiences offer significant benefits, the complexity of
human-machine interactions, especially those involving gestures and movements,
requires in-depth study, modeling, and improvement.

The feasibility of conducting user tests of the VR prototype in synchronous
mode was supported by the availability of four VR headsets operating simultane-
ously. However, accommodating a larger cohort would necessitate asynchronous
testing, introducing more complex logistical considerations.

4.3 Case 3

The analysis of data collected during user tests indicated that the scenarios
depicted in the storyboards did not adequately reflect the intended themes,
particularly with the "utopian" scenario’s inappropriate solicitation of personal
information, which diverged from the project’s thematic objectives. However,



XR Education in Communication Sciences 13

insights from cases 1 and 2 led to an improvement in the data collection process,
specifically through the encoding of consent form and questionnaire via Moodle’s
feedback activity, which significantly reduced student error.

Students praised the course for its innovative approach, in particular the
possibility to engage with both VR technology and related cybersecrity risks.
Their feedback focused on refining the experimental protocol, notably to en-
hance administration of questionnaire and ensuring consistent data collection.
For example, their collective input advocated for a meticulous enhancement of
testing protocols, emphasizing preparatory work was deemed essential for effec-
tively addressing participant queries, allowing participants to elaborate on their
answers was suggested to deepen insights into user experiences, and streamlining
questionnaires and expanding the participant pool beyond familiar circles were
advised to improve data diversity and authenticity.

Storyboards emerge as a critical tool in this context, serving not just to visu-
alize and communicate user experiences and foster creativity, but also to anchor
a user-centered design approach. Importantly, they provide a pragmatic solution
to the logistical challenge of equipment limitations, exemplified by the impracti-
cality of supplying 30 headsets for 30 students. This innovative use of storyboards
underscores the course’s commitment to overcoming practical constraints while
maintaining high educational standards and meeting learning objectives in the
realm of immersive technologies.

5 Discussion

5.1 Analyzing challenges in XR education

Cases 1 and 2 encountered technical issues, such as operating system incom-
patibility (case 1 with AR) and system crashes affecting the user experience
and data collection process (case 2 with VR). To facilitate effective large-scale
implementation, these technical hurdles must be systematically addressed. This
entails acquiring a sufficient number of smartphones or developing a system
compatible with iOS for AR applications. For VR applications, it necessitates
purchasing a substantial quantity of headsets and providing suitable spaces for
conducting tests. By contrast, students encountered no such technical hurdles in
case 3 with storyboards, demonstrating that storyboard prototypes effectively
mitigate scalability challenges and technological problems and limitations asso-
ciated with XR. However, storyboarding introduces considerations regarding the
construction of scenarios, which must be perceived as credible by testing partic-
ipants. This necessitates a careful and deliberate design process to ensure the
authenticity of the content and user engagement [13].

Students consistently acknowledged the courses for their innovation, valuing
the opportunity to explore XR technologies within their academic programs.
This sentiment highlights the educational value seen in integrating cutting-edge
technologies into the curriculum. Furthermore, the projects facilitated not only
technical skills development but also soft skills, such as team building, adherence
to deadlines, and an ethical understanding of data collection.
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5.2 How-tos of XR integration

Aligning XR introduction with course learning objectives necessitates a strate-
gic approach where XR technologies are integrated into courses that naturally
support their application. This alignment implies selecting courses with learn-
ing objectives that are seamlessly complemented by XR’s capabilities, such as
design-oriented activities including immersive scenario prototyping or empiri-
cal data collection and analysis through XR system testing. The integration of
XR should enhance the pedagogical framework, enabling students to directly
apply XR technologies to solve real-world problems, thereby fostering a deeper
understanding of the subject matter.

Adapting to students’ profiles is crucial for the effective delivery of XR-based
education. Providing students with a uniform baseline of knowledge and practical
experience with XR technologies is essential. This can be achieved through tar-
geted demonstrations and immersive experiences, considering that a significant
portion of students may not have prior experience with VR, technologies (30% in
cases 1 and 3, 50% in case 2). Incorporating guest lectures from XR experts can
demystify the technology and provide students with accessible, expert insights
into XR applications, enhancing their learning experience. Moreover, master pro-
grams in social sciences and humanities do not include advanced programming
courses that would allow students to develop high-fidelity prototypes. This once
again positions the storyboard as a prototype facilitating the integration of XR
in humanities and social sciences

Maintaining academic performance and engagement with XR involves in-
tegrating hands-on activities like user testing and prototyping. Collaborative
exercises not only solidify theoretical knowledge but also cultivate teamwork
and creativity, essential in XR’s dynamic field. Direct application of XR keeps
students motivated and academically focused, despite new tech introductions.

Encouraging critical reflection on XR requires involving students in material
creation for testing and initiating discussions on design and protocol improve-
ments. This active involvement deepens their understanding of XR’s challenges
and opportunities, pushing them to think ahead about technological progress
and their role in shaping future innovations.

5.3 Future work

We delved into the variances among cases, bearing in mind the hurdles linked to
large-scale implementation and the absence of advanced programming courses in
social sciences and humanities programs. This enabled us to pinpoint storyboard
prototypes as a solution that tackles both of these challenges simultaneously, as
they simplify the introduction of XR concepts, bypassing the need for extensive
programming skills and reducing reliance on expensive equipment.

Therefore, our future work will delve deeper into leveraging storyboard pro-
totypes for XR education, with the aim of showcasing their efficacy in crafting
scalable XR learning experiences accessible to students in social sciences and
humanities. To enrich our understanding and validate the effectiveness of this
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approach, we plan to replicate case 3, aiming to produce cumulative findings
and facilitate comparative analyses [1]. This endeavor will not only strengthen
the evidence base but also allow for nuanced insights into the pedagogical value
of storyboarding in XR education. Furthermore, we intend to broaden our re-
search scope to include other low-fidelity prototyping methods, such as video or
paper mockups, as suggested by [18]. By exploring these varied prototyping tech-
niques, we aspire to develop a comprehensive, integrative model that enhances
the adaptability and robustness of XR educational frameworksy [27]. This model
will ideally support educators in effectively incorporating XR technologies into
their curricula, thereby democratizing access to immersive learning experiences
across diverse academic discipline.

6 Conclusion

In conclusion, the successful integration of XR technologies into educational
settings requires careful consideration of course alignment, student adaptation,
engagement maintenance, and the cultivation of critical thinking. By addressing
these aspects, educators can not only enhance the learning experience but also
prepare students to contribute meaningfully to the future of XR technology. A
significant revelation of our work is the efficacy of storyboarding as an innovative
approach to circumvent the dual hurdles of scalability and technical expertise
in XR education. This method not only facilitates broader student involvement
in XR development projects, sidestepping the necessity for advanced program-
ming skills, but also significantly enhances collaborative processes. Finally, the
integration of these technologies as learning tools enabled us to raise students’
awareness of the need to design immersive systems offering a good UX [17],
to integrate cybersecurity and data protection [11] and inclusion [20] into the
development of these technologies.
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