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In the accelerating pace of technological change such as Extended Reality (XR),
ensuring that emerging technologies meet the diverse needs of all population
groups, including older adults, is increasingly urgent. XR technologies hold
significant promise for older adults through applications in health monitoring,
cognitive stimulation, physical rehabilitation, and social connection. However,
realizing this potential requires that future developers deeply understand the
needs, preferences, and lived experiences of older adult users knowledge
best gained through direct engagement. Recent research in Human—-Computer
Interaction (HCI) has highlighted the value of engaging and empowering older
adults in the design of creative technologies, often through intergenerational
workshops. However, existing research on such workshops emphasizes
outcomes for older adults, with limited insight into impacts on future developers,
best practices and replicable methodologies for XR intergenerational workshops,
as well as XR application areas tailored to older adults. This paper addresses
these gaps through XR co-design workshops with older adults and future
developers, providing a clear methodology and highlighting mutual benefits
and implications for inclusive XR design for aging populations. Therefore, the
main contributions of this paper are: (1) A methodology for an intergenerational
workshop on XR involving participants from different age groups. (2) The
results of conducting such workshops aiming to understand what participants
gain or experience through the process. (3) A range of potential application
areas for XR, based on storyboards co-designed by older adults and students.
Furthermore, we recommend that educational technology institutions integrate
such intergenerational workshops into their annual curricula. This approach
would help students become more aware of and sensitive to the specific needs
of older adults within society particularly in understanding the challenges and
requirements older generations may face when using new technologies such as
XR.

KEYWORDS

Human Computer Interaction (HCI), intergenerational workshops, participatory design
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1 Introduction

The world’s population is aging; from 2015 to 2050 there
is an estimated increase of people over the age of 65 from
8.5% to 16.7% (U.S. Census Bureau, 2016). Developed regions
have higher population estimates for people over the age of
65, with 27% of Europeans and 21.4% of North Americans by
2050 (U.S. Census Bureau, 2016). Despite the commitment of
developed regions to encouraging an inclusive and technologically
advanced society (Otjacques et al., 2009), the rapid pace of
technological advancements can unintentionally disconnect older
populations from new developments (McDonough, 2016). Many of
applications are designed without considering older adultsroutines
or context of use, resulting in limited perceived usefulness and
low technology adoption (Amouzadeh et al, 2025). This is
particularly relevant in fields such as Extended Reality (XR), which
has potential benefits for health (Aruanno and Garzotto, 2019;
Rohrbach et al., 2019), cognitive stimulation (Wang and Zhang,
2024), and physical activity (Blomqvist et al., 2021), but remains
underexplored among older populations. Therefore, older adults
remain underrepresented in the development of XR applications
that could support daily life.

GERO (2024) carried out a pilot project to test and evaluate
commercial Virtual Reality (VR) applications including (Beat
Saber, 2019) among nursing home residents aged 84 to 92
in Luxembourg. Overall, the technology was met with great
enthusiasm from the residents, with particularly activating and
participatory VR fitness applications, such as Beat Saber (2019),
being especially well received. These experiences simultaneously
stimulate physical movement as well as cognitive and motor
functions. This study shows that modern technologies and old age
including among non-tech users, are not contradictory. However,
there is still a lack of specifically adapted applications for older
adults with particular needs. Work in HCI increasingly emphasizes
the benefits of engaging older adults in both the design and use
of creative technologies (Lindsay et al., 2012; Rogers et al., 2014).
Older adults bring creativity, accumulated wisdom, and a rich
variety of life skills to the invention of future technologies (Pradhan
et al., 2020; Rogers et al., 2014). A recent review Mannheim et al.
(2023) highlighted an interesting discrepancy: while the literature
consistently stresses the value of including older adults in design
processes, only 47% of studies actually engaged them during design
and prototyping. This exclusion appears to be driven by multiple
factors like as ageist assumptions, negative stereotypes (Mannheim
etal,, 2019, 2023; Ienca et al., 2021), and practical concerns such as
difficulties with comprehension or communication, as well as the
broader marginalization of certain populations (Mannheim et al.,
2019; Diaz-Orueta et al., 2020).

To address these shortcomings, intergenerational workshops
in which younger participants, especially future developers, and
older adults collaboratively co-design emerging technologies such
as XR applications offer a participatory approach that foregrounds
lived experience and shared creativity. Studies on intergenerational
and co-design workshops have shown that engaging with older
adults can positively influence and broaden students perceptions
of aging (Kalisch et al., 2013; Gutheil et al., 2006; Penick et al.,
2014). One of the central values of such workshops lies in

Frontiersin Computer Science

10.3389/fcomp.2026.1763935

encouraging older adults to actively participate in the co-design
of emerging technologies and software development processes.
While previous research has explored intergenerational workshops
in technology co-design, most studies have primarily focused on
outcomes for older adults, with only limited attention given to
the experiences of both older adults and developers (Kope¢ et al.,
2018; Wang et al, 2024, 2025; Doyle et al., 2013). Moreover,
prior work has not sufficiently addressed the development of
clear, well-defined, and replicable methodologies for establishing
intergenerational workshops in the technology domain in general,
and in the XR domain specifically. This gap is particularly critical
for two reasons. First, there has been increasing attention in recent
years (Ng et al, 2025; Reis et al., 2021) to the importance of
intergenerational workshops, alongside a growing need to identify
clear guidelines that maximize benefits for both older adults and
students. Second, defining a methodology for intergenerational
workshops in the XR domain is particularly important, as XR
technologies extend far beyond entertainment, offering significant
potential to support older adults wellbeing (Mehrabi et al., 2022),
physical activity (Margrett et al., 2022), and memory stimulation
(Yang et al., 2025). In these areas, co-design with end users is
especially important to ensure relevance, accessibility, and impact.
We therefore see an opportunity to investigate best practices for
conducting intergenerational workshops, particularly within the
XR domain. In addition, we aim to examine how both older
adults and future developers perceive and experience participation
in XR-focused intergenerational workshops. Moreover, we argue
that these workshops can bridge the gap between older adults
needs and younger developers design practices, equipping future
professionals with firsthand insights that can meaningfully inform
their careers in technology design and development. Furthermore,
beyond proposing a methodology for intergenerational workshops
in the XR domain and emphasizing the importance of involving
older adults and future developers in co-design processes, such
workshops can also play a critical role in revealing potential
application areas of XR technologies tailored to older adults.
We argue that identifying and articulating a broad range of XR
application domains can meaningfully inform and guide future
research and development efforts. In contrast to prior studies (Ullal
et al., 2024; Jin et al,, 2024) on intergenerational workshops, the
proposed workshop does not require older adults and students
to co-design applications within predefined domains such as
communication or health. Instead, the workshop deliberately leaves
the scope open, allowing older adults, supported by students,
to freely explore and define the XR application domains that
they believe could support their everyday lives. This open-ended
approach is intended to foster creativity and ensure that emerging
application ideas are grounded in older adults lived experiences.
Based on the storyboards collaboratively created by older adults
and students, we derive a structured framework that outlines
potential XR application areas specifically designed for older adults.
Hence, in this paper, we explore the following fourth research
questions:

RQ1: What are the impacts and perceived benefits of

intergenerational learning emerging from workshops in
which older and younger adults collaboratively co-design XR

frontiersin.org


https://doi.org/10.3389/fcomp.2026.1763935
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org

Ismael et al.

application storyboards intended to support older adults in
managing daily tasks?

RQ2: What is an effective methodology for organizing
intergenerational workshops focused on XR?

RQ3: What potential application areas for XR can be identified
from storyboards co-designed by older adults and students?
RQ4: Is it beneficial to integrate such intergenerational
workshops into the annual curricula of educational technology
institutions?

2 Related works

This paper focuses on

workshops rather than non-technological ones, such as those

technological intergenerational
centered on cultural heritage or art like the work of Kanayama et al.
(2025). Technological intergenerational workshops, particularly
those involving virtual or augmented reality, have been widely
investigated in the literature to analyse the impacts and benefits of
such workshops on different generations. This paper falls within
this domain, therefore, the following section illustrates its position
within the current state of art of the domain of intergenerational
workshops focused on technology.

2.1 Technological intergenerational
workshops

A review of intergenerational workshop literature proposed by
Reis et al. (2021) aimed to explore the technologies created or
used to foster intergenerational interaction, identify overarching
themes, and propose directions for future research. The review
suggests that intergenerational connectivity through technology is
an increasingly valuable area of inquiry, as evidenced by a notable
rise in related studies in recent years. However, the field is still
developing (Reis et al., 2021). In a previous study, researchers,
older adults, and caregivers (Chan et al., 2024) collaboratively
discussed, designed, and prototyped generative AI-based solutions
to support older adults with cognitive challenges. Ullal et al. (2024)
highlights the significance of iterative Participatory Design (PD)
in creating XR activities tailored to the unique needs of older
adults with cognitive and physical impairments. By considering
older adults cognitive and physical capabilities, the potential of
XR can be unlocked to enrich their lives. Through participatory
workshops and interviews with older adults living independently,
other work proposed by Zhao et al. (2024) shows that older
adults were concerned not only with creating technologies in
XR or AI that helps them do more right now. They were also
concerned about the long-term continuity of their activities as
they age. In a recent study Jin et al. (2024), researchers adopted
a participatory design approach with nursing home residents,
engaging older adults as co-designers in brainstorming and
developing an innovative XR support tool. While these studies
Chan et al. (2024), Ullal et al. (2024), Jin et al. (2024), and Zhao
et al. (2024) engaged older adults with caregivers or developers,
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the workshop presented in this paper follows a participatory design
methodology that includes students as key contributors because
this paper suggests that it would be important to evaluate the
impact of intergenerational workshops on both older adults and
future developers, and whether it would be beneficial to integrate
them into students’ annual curricula, as suggested in the fourth
research question. Balcerzak et al. (2017) describe the creation
of an online platform designed to connect individuals in need
of assistance with volunteers willing to offer help. The platform
was developed during a 24-hour hackathon involving both young
programmers and older adults. The study shows that the PD
process not only enhanced the platform’s usability for older users
but also promoted intergenerational collaboration and empathy.
Rather than focusing on Generative AI (Chan et al., 2024), which
is a very important and trending theme, or on online platforms
that connect different generations (Balcerzak et al,, 2017), the
present study centers on an XR application as the theme for
the intergenerational workshop, as XR has demonstrated strong
potential for enhancing wellbeing (Aruanno and Garzotto, 2019;
Rohrbach et al., 2019), cognitive stimulation (Wang and Zhang,
2024), and physical activity (Blomqvist et al., 2021). Therefore,
this study highlights the potential application areas for XR that
can be identified from storyboards co-designed by older adults
and students.

Existing research on VR and video game intergenerational
workshops has documented various outcomes, including reduced
ageism among younger participants (Zou et al., 2024), improved
intergenerational relationships (Wei et al., 2023), and enhanced
creativity (Ng et al., 2025). Studies have also identified challenges
such as uneven distribution of technical knowledge, role
monopolization, and varying group dynamics (Cucinelli et al.,
2018). While these findings are valuable, this paper addresses a
gap in the literature by providing a replicable methodology for
establishing technological intergenerational workshops. Despite a
growing number of intergenerational co-design studies involving
XR and other technologies, most work remains reflective and
context-specific, offering insights and challenges from individual
workshop series rather than a clear, standardized methodology for
structuring intentional intergenerational XR workshops (Varella
et al, 2022; Hagen et al., 2024). This absence of agreed-upon
co-design methods in XR highlights the need for formalized
processes that can support mutual benefits for older adults as well
as future developers, and facilitate cross—generational knowledge
exchange in XR design contexts.

Hence, one of the contributions of this study is a methodology
for an intergenerational XR workshop. The workshop consists of
of two stages: a pre-workshop session with students enrolled in
a college program focused on game design and programming,
aimed at introducing the goals, XR concepts, and their support
role; followed by a main workshop session involving both students
and older adults, as described in detail in Section 3. Throughout
both stages, the process is informed by psychogerontological
expertise to ensure age sensitive facilitation and meaningful
intergenerational engagement. The aim is to sensitize and equip
future developers to co-create XR applications with, and for,
older adults, fostering inclusivity and relevance in design. Hence,
unlike previous studies, our approach places future developers

frontiersin.org


https://doi.org/10.3389/fcomp.2026.1763935
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org

Ismael et al.

in a central role, supporting older adults in adopting emerging
XR technologies while simultaneously gaining deeper insights into
their needs and preferences. The paper provides insights that could
be generalized as best practices for conducting intergenerational
workshops. Moreover, we suggest a framework for future research
and development in XR tailored for older adults.

3 Materials and methodology

In relation with the second research question (RQ2),
this section outlines the methodology used to implement
intergenerational workshops focused on XR. The methodology
comprised two stages conducted on two different days: A pre-
workshop session was conducted on campus with students
enrolled in the game design and programming track to introduce
the workshop goals, XR technology, and their supporting role;
followed by the main workshop session on another day involving
both students and older adults, held at the premises of a national
gerontology competence center. To address the challenge of
participants speaking different languages, groups were formed
based on language preference to facilitate effective communication.
The workshop was structured into four sequential sessions: a
theoretical introduction, hands-on exploration of XR technologies,
co-design activities using Al-generated content cards, and a final
feedback collection phase. In order to answering RQ1, quantitative
data were collected through a Likert scale questionnaire targeting
three dimensions: Workshop Impact, Value of Intergenerational
Learning, and Future Workshop Demand.The rationale for
selecting these three dimensions is detailed in Section 3.4.1.
Additionally, qualitative data were obtained by focus group
discussions, analyzed using thematic coding to extract participant
experiences and insights as described in Section 3.4.2. Facilitators
provided only minimal guidance to preserve the authenticity of
intergenerational collaboration. This methodological framework
ensured a comprehensive assessment of the workshop’s benefits
and impact.

3.1 Ethics and data protection

Ethical considerations were strictly adhered to during the
recruitment of older adults for the workshops. Participation was
entirely voluntary, and no health records or cognitive information
were requested during the recruitment process, ensuring privacy
and respect for personal data. We followed the ethical guidelines
and best practices provided by our research institute’s ethics
committee to safeguard the dignity, autonomy, and confidentiality
of all participants. All workshop activities were based on informed
consent, complying with GDPR rules. Each participant received a
detailed consent form, which included information about the type
of data collected, the process, the purpose, and the duration of data
storage. Moreover, before collecting any data, we conducted a Data
Protection Impact Assessment (DPIA) to analyze the main risks
associated with data processing and to identify the most appropriate
mitigation measures.
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3.2 Participants

We recruited older adults who were living independently
and were able to travel to the study site (GERO location) to
participate in the workshop. We shared recruitment information
through social media and sent invitation emails to people who
had participated in previous studies conducted by the GERO
research team. As mentioned in Section 3.1, health and cognitive
status of older adult participants were not collected to avoid any
formal cognitive or health screening that could lead to exclusion or
stigmatization based on medical diagnoses. Instead, our functional
inclusion criteria (independent living and autonomous travel to the
study site) served as practical indicators that participants retained
sufficient cognitive and physical abilities to actively engage in
and contribute to the collaborative co-design activities required
by the workshop. Thirteen participants, including students and
older adults, participated in the study. Among them, six students
(four women and two men) took part in this exploratory study as
illustrated in Table 1. Additionally, seven older adults (three women
and four men) were included in the research. The average age was
22 yl/o for students and 72 y/o for older adults, with the oldest
participant being 92 y/o.

Participants completed informed consent forms prior to taking
part. The participants were informed that they were allowed to quit
the experiment at any point without any repercussions. The older
adults were asked to indicate their educational background. Two
older adults stated that they had previously used Augmented Reality
(AR) on a mobile phone, while another two reported having tested
a Virtual Reality (VR) or AR Head-Mounted Displays (HMDs).
Moreover, all older adults speak the Luxembourgish while one
speaks only the English. As for the students, all of them speak the
Luxembourgish while one speaks only the English.

3.3 Workshop organization and content
3.3.1 Pre-workshop session

One day before the main workshop, we met students for two
and a half hours to prepare them for the main workshop session
with older adults. We presented the students with the objectives,
motivation, and structure of the main workshop session, including
a walkthrough of the presentation prepared for use with the older
adult participants. In doing so, specific attention was given to how
best to communicate with and engage older adults, taking into
account age-related changes in sensory function, such as hearing,
vision, and processing speed, to ensure clarity, accessibility,
and respectful interaction during the session. Moreover, two
XR applications, planned to be presented to older adults, were
demonstrated, as students were expected to support older adults
in exploring these applications during the main workshop (see
Figure 1). The first XR application, Placing Objects and Handling
3D Interaction, is distributed under the MIT License (© 2020
Apple Inc., Cupertino, CA, USA). It is deployed on a tablet and is
designed to insert virtual objects (e.g., vases and chairs) into the
real environment and enable users to manipulate their position
and scale. The second XR application runs on the (Microsoft
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TABLE 1 Participant characteristics.

10.3389/fcomp.2026.1763935

Group I\ Gender Age Languages AR/VR experience
Students 6 4 women, 2 men Mean: 22 y/o Al LU; 1 only EN None reported
Older adults 7 3 women, 4 men Mean: 72 y/o; max 92 AILLU; 1 only EN 2 used mobile AR; 2 tried VR/AR HMDs

HoloLens v2, Redmond, WA, USA) and was developed at LIST.
The application allows users to discover the concept of a virtual
supermarket, where they can purchase vegetables, fruits, and other
items, and place orders seamlessly. Furthermore, the pre-workshop
was intentionally designed only for students, aiming to minimize
cognitive load during the main workshop and to enable students
to effectively support older adults in technology adoption, animate
discussions, and facilitate co-design activities, rather than focusing
on their own learning.

3.3.2 Main workshop session

Participants were assigned to four tables according to their
preferred language: English or Luxembourgish. Figure 2 describes
the four tables, each represented by a flag indicating the language
used by the participants. One table used English, while the others
used Luxembourgish. Well-balanced distribution of students and
older adults at each table was applied across all tables, except
for one, due to the difference in the number of students and
older adults. We set a maximum limit of four participants per
table, ensuring an equal mix of both groups. This arrangement
encouraged meaningful discussions and ensured that everyone had
the opportunity to actively engage in the conversation. The study
was divided into four sessions:

1) Theory session: This 30-minute session provided an
introduction to XR, including key definitions and an overview
of its potential benefits for older adults. The primary objective
was to familiarize participants, particularly the older adults, with
fundamental XR concepts prior to the subsequent hands-on
exploration session.

2) Hand on XR session: The duration was roughly 60 minutes.
Each table had one HoloLens device and one tablet. Two
different XR applications mentioned in the previous section
were deployed on HoloLens and the tablet (see Figure 1). Older
adults, with the students support, manipulated and interacted
with each application. The goal of this session is to allow older
adults to explore two different examples of XR, inspiring them
for the following session, where they will co-design a new
storyboard for an XR application that differs from the ones they
experienced in this session.

3) Co-Design session: It lasted around 90 minutes. Content
cards showcased six different examples of how older adults
can use XR in their daily lives (see Figure 3). The examples
were randomly selected and covered the following areas: (1)
Social connection, (2) Support for exercise and physical activity,
(3) Assistance with transportation and travel, (4) Cooking and
meal preparation, (5) Memory aid for daily activities, and (6)
Assistance with grocery shopping. The idea of these cards is
inspired by Chan et al. (2024) and is designed to offer initial

Frontiersin Computer Science

inspiration for both older adults and students. They are printed
and distributed to all the tables. The content cards are generated
by Al model to avoid copyrights issues. A presentation on these
cards and the concept of storyboarding as part of User Centered
Design is delivered. Afterward, each table was asked to create a
storyboard that represents a realistic scenario where XR could
be beneficial for older adults in their daily tasks as illustrated in
Figure 4. Following that, participants of each table were invited
to present their storyboard in front of all participants.

4) Questionnaire and feedback session: It lasted approximately
45 minutes and included the administration of two separate
surveys, one tailored for students and the other for older adults.
These surveys include questionnaires assessing the benefits
of the intergenerational workshops and overall satisfaction
as detailed in the following section. Moreover, we collected
qualitative data through Focus Group Discussions. Participants
were divided into three groups: older adults who speak
Luxembourgish, a single older adult who speaks only English,
and students, all of whom speak English. Each group was asked
to answer the same questions regarding their enjoyment of the
workshop, aspects that could be improved, and any additional
comments or suggestions for future workshops.

It's important to note that the facilitators (authors of this paper)
provided an introduction for each session. However, they didn’t
intervene in the discussion between students and older adults
except at the explicit demand of students or older adults. They
were moving between the tables to observe and respond to any
potential questions. On the other hand, the introduction was given
in Luxembourgish, so one facilitator sat near an older adult located
at the English table and translated the content.

3.4 Measurements and ratings
3.4.1 Questionnaires

To the best of our knowledge, while there are established
evaluation instruments for intergenerational programs [e.g., the
Best Practices Checklist to assess implementation fidelity (Jarrott
et al., 2022), or the Intergenerational Contact Measure (Turner
et al, 2025)], there is no widely used, generic questionnaire
analogous to SUS (usability) (Brooke, 1996) or NASA-TLX
(workload) (Hart and Staveland, 1988) that comprehensively
evaluates the impact and benefits of intergenerational workshops,
or the need for future intergenerational workshops. Existing
toolkits [such as the Intergenerational Evaluation Toolkit by
Generations United (United and Jarrott, 2019)] provide useful
measures, but these are often quite program-specific or focus on
process rather than perceived benefit. Therefore, we developed
questionnaires specifically for this study to evaluate the impact and
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FIGURE 1
Two XR applications were demonstrated during the Hands-on XR session: Left figure refers to a HoloLens V2 frame showing a virtual supermarket for

purchasing items, and right figure is an iPad frame showing an app for placing virtual objects like a vase, candle, or cup of tea.

T aF & >
.- » ®

w ®

Four groups of older adults and students: the flags refer to the languages used during the discussion between older adults and students at the same
table. The green and dark blue chairs symbolize older adults and students, respectively. Each table is provided with a head-mounted display and a

tablet.

=

FIGURE 2

FIGURE 3
Content cards: Examples of content cards provided to participants, showing social connection applications using a head-mounted display (left) and

a tablet (right). The Content cards are an Al-generated illustration created with ChatGPT's DALL-E 3 model (OpenAl, https://openai.com/index/dall-
e-3/?utm_source=chatgpt.com) using the prompts found in the Supplementary material. The images presented do not represent real experimental

data.
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FIGURE 4
An older adult draws the storyboard after discussing it with other
older adults and students at the same table.

10.3389/fcomp.2026.1763935

TABLE 3 Students questionnaire.

Questions

Workshop impact Q1 —I believe such workshops are valuable
for future developers to understand the needs

and preferences of older adults.

Q2—I think these workshops can help
students improve collaboration skills like
communication, teamwork, and project

management.

Q3—1 think these workshops provide
students with real-world experience,
enhancing their resumes and career

readiness.

Value of intergenerational Q4—1I was inspired by the input from older

learning adults to explore new designs for AR usage.

TABLE 2 Older adults questionnaire.

Dimensions Questions

Workshop impact Ql—TI learned new things related to Augmented

Reality during the workshop.

Q2—I feel more confident about using technology

related to Augmented Reality in the future.

Value of Q3—I found that working with students helped

intergenerational me think creatively about AR storyboards.

learning Q4—The students provided adequate support and

guidance during the activities.

Q5—1I like the idea of students assisting me in

adopting new technology.

Future workshop Q6—I would be interested in attending more

demand workshops on Augmented Reality or other

emerging technologies.

Q7—TI support creating a club where younger and
older generations discuss technology that benefits
both. Rest assured, your response will have no

impact on your ability to join and participate in

this future club.

benefits of intergenerational workshops and the need for future
intergenerational workshops (see Tables 2, 3). These questions can
be grouped into three independent dimensions: (1) Workshop
Impact, (2) Value of Intergenerational Learning, and (3) Future
Workshop Demand.

The same three dimensions are used for older adults
questionnaire as well as students questionnaire with different
questions. All questions in both questionnaires are presented on
a 5-point Likert scale, ranging from 0 (Strongly disagree) to 4
(Strongly agree) except for Q6 in the older adults questionnaire
which uses also a 5-point Likert scale ranging from 0 (poor) to
4 (Excellent).

Moreover, the older adults questionnaire contains three
questions related to their background in AR and VR. The questions
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Future workshop demand Q5—I would be interested in attending more

workshops on Augmented Reality or other

emerging technologies.

are: (Q1) Before this day, have you ever used an Augmented Reality
application on a mobile device or tablet?, (Q2) Before this day,
have you ever tested a Virtual Reality or Augmented Reality head-
mounted display?, and (Q3) Prior to this workshop, were you
familiar with Augmented Reality and virtual reality? The older
adults answered these questions with “yes” or “no.”

3.4.2 Focus group discussion

At the end of each session, participants were invited to provide
qualitative feedback on the exploratory study. They were divided
into three groups: students, older adults who spoke Luxembourgish,
and older adults who did not. Each group was seated at a separate
table, with a voice recorder placed at each table to capture
the discussion.

A facilitator led the conversation at each table using a set
of guiding questions. For both older adults and students, the
following three identical questions were asked: (1) Did you enjoy
participating in the co-design process? Why or why not? (2)
Was the structure of the workshop well-organized and easy to
follow? and (3) What aspects of the workshop would you improve
or change?

Additionally, older adults were asked: Do you find the idea of
students assisting you in adopting new technology to be useful?

Meanwhile, students were asked two further questions: (1)
What did you learn from this workshop about working with older
adults? and (2) What other technologies, like AI or VR, would you
suggest for a workshop with older adults?

The responses were analyzed using the four-step process of
Erlingsson and Brysiewicz (2017) as detailed in Section 4.3. The
steps consisted of identifying meaning units from the discussion
provided by the participants, coding the meaning units, creating
categories for codes, and finally creating themes for sets of
categories. The analysis was done across all participants.
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FIGURE 5
Memory assistance for early-stage dementia

ay

4 Results

In this section, first, we present the storyboards that were
co-designed by older adults and students. Second, the results of
questionnaire data and the focus group discussion are described.

4.1 Storyboards

To assist older adults in their daily lives, participants suggest
storyboards for XR applications. Four storyboards correspond to
four different scenarios, collaboratively chosen by older adults and
students. Following, we illustrate the scenarios:

e Memory assistance for early-stage dementia (see Figure 5):
The XR application provides multiple functionalities,
including: (a) Medication Reminder: Alerts users when its
time to take their medications. (b) Medication Identification:
scan a red-labeled box and helps select the correct medicine.
(c) stock monitoring & alerts Notifies users when a refill is
needed, promoting them to contact a doctor or pharmacist.
(d) daily reminders: assists with other essential activities, such
as drinking enough water.

e Assistance in climbing the stair (see Figure 6): The scenario
is designed for older adults with visual impairments, helping
them navigate stairs safely. The XR application enhances stair
visibility with contrast markings or virtual overlays.

Frontiersin Computer Science

e AR navigation for Grocery shopping (see Figure 7): In this
scenario, users use AR overlays to draw a clear route to
the nearest grocery store. It ensures easy navigation even in
unfamiliar environments, providing independence.

e Emergency assistance and AR navigation (see Figure 8):
It allows user to visualize different restaurants via their
HMD. The application supposes to also provide real-time
AR navigation to guide users to their chosen restaurant or
back home.

Hence, previous scenarios emphasize three broad areas of
interest with the third and fourth scenarios overlapping in focus:
Healthcare & wellbeing, Accessibility & Mobility, and Smart Living
& Urban Navigation. The Table 4 consists of three main board
areas, each associated with a core research topic and a specific
application domain that describes how XR technology is applied.
It answers the third research question and highlights the potential
of XR to improve older adults daily lives. It serves as a framework
for future research and development in XR tailored for older adults.

4.2 Questionnaire data

Table 5 presents descriptive statistics, including the mean and
Standard Deviation (SD), for the three dimensions using the
responses of older adults and students. The three dimensions,
Workshop Impact, Value of intergenerational Learning, and Future
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Assistance in climbing the stairs.

Fictional user(s): o<ty

FIGURE 7
AR navigation for Grocery shopping.
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TABLE 4 Framework for future research and development in XR tailored for older adults.

Core research
topic

Board area

Application domain

Healthcare & Cognitive & memory Memory assistance for
wellbeing assistance early-stage dementia
Accessibility & Physical assistance & Assistance in climbing the
mobility navigation stairs

Smart living &

urban navigation

Navigation & emergency

support

Emergency assistance and

outdoor AR navigation

Workshop Demand were generally well-rated by older adults,
with average scores of 3.07, 3.47, and 3.57, respectively. These
values suggest a favorable overall perception of the workshop
across dimensions.

The highest score was about the necessity of proposing
additional workshops represented by Future Workshop Demand,
underscoring the importance of promoting such workshops to
encourage the research community in different domains, such as
Al, Robotics, etc. to involve older adults in co-design application
via similar further workshops. Moreover, the older adults responses
regarding questions Q3, Q4, and Q5 described under the Value
of intergenerational Learning dimension provide insight into the
benefits of intergenerational workshop and confirm the interest in
assisting students in helping older adults adopt new technologies.
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However, the SD for the Workshop Impact dimension is 0.87.
It's relatively high compared to the SD of other dimensions and
suggests the debate among older adults about their confidence
in using technology related to Augmented Reality in the future
after the workshop. To investigate this, we analyzed potential
relationships between the three dimensions and three questions
related to participants background in Augmented and Virtual
Reality, as described in Section 3.4.1. We first applied the
ShapiroWilk test (Hanusz et al., 2016) to check whether the data
were normally distributed (see Table 5). The results indicated a
normal distribution (p > 0.05) for the Workshop Impact (p = 0.47)
and Value of Intergenerational Learning (p = 0.61) dimensions,
while the Future Workshop Demand dimension followed a non-
normal distribution (p = 0.0015 < 0.05). Therefore, we applied a
t-test (Student, 1908) which assumes normally distributed data, to
the normally distributed dimensions and Wilcoxon test (Wilson,
2024) which is used when the data is not normally distributed
to the non-normal distribution dimension. The analysis revealed
no clear (p > 0.05) or substantial patterns linking prior XR
experience to any of the three dimensions. Given the small
number of participants, these exploratory analyses should be
interpreted cautiously and do not support definitive conclusions
about the role of prior technology experience. Hence, the low
scores noted by some older adults for the Workshop Impact
dimension may be due to the content of the workshop and
specifically the two XR applications. Some older adults raised
their dissatisfaction with the XR applications crashing during the
Hand-on session, as highlighted in the focus group discussion
Section 4.3.
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TABLE 5 Descriptive statistics and statistical test results for older adults and students across the three evaluation dimensions.

Dimension Older adults

Mean SD Mean

Students

Normality (Shapiro—Wilk)

SD

Workshop impact 3.07 0.87 3.50 0.39 0.47 (>0.05, Normal) t-test n.s. (>0.05)
Value of intergenerational learning 3.47 0.64 2.66 1.24 0.61 (>0.05, Normal) t-test n.s. (>0.05)
Future workshop demand 3.57 0.49 2.66 0.94 0.0015 (<0.05, Non-normal) Wilcoxon n.s. (>0.05)

n.s., not significant. Normality determined via Shapiro-Wilk test (p > 0.05 = normal distribution).

Unlike older adults, students scored the impact of the workshop
highly 3.5 with a relatively homogeneous response among the
students (SD = 0.39). Although the study involved a relatively
small participant sample, this finding provides preliminary yet
encouraging evidence in response to the fourth research question,
suggesting potential benefits of integrating such a workshop
into the annual curricula of educational technology institutions.
However, the standard deviations for the Value of Intergenerational
Learning and Future Workshop Demand dimensions are 1.24
and 0.94. These latter indicate high diversity in students
responses to these two dimensions. These could be explained
through the focus group discussion described in detail in the
following section, as some students claim that older adults were
very enthusiastic about Augmented/Virtual Reality and highly
engaged in the discussion. However, other students found that
communication with older adults was difficult. Therefore, these
pieces of feedback could explain the debate in answering about
the Value of Intergenerational Learning and the Future Workshop
Demand dimensions.

4.3 Focus group discussion

We collected qualitative data through Focus Group Discussion
method (Amestoy Alonso et al., 2024) as illustrated in Figure 9.
Participants were divided into three groups, older adults who speak
Luxembourgish, single older adult who speaks only English, and
students, all of them speak English. The participants asked different
questions regarding their enjoyment of the workshop, aspects that
could be improved, and any additional comments or suggestions
for future workshops.

4.3.1 Students group

As mentioned previously, the four steps outlined by Erlingsson
and Brysiewicz (2017) have been implemented on the focus group
discussion conducted with older adults and students at the end of
the workshop. As described in Table 6, the analysis of the students
focus group discussions revealed three categories, each supported
by several meaning units:

e Intergenerational learning: Through the three meaning
units described in this category, students appreciated the
opportunity to gain new perspectives on how people of
different ages think and approach problems.
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e Technology acceptance: The discussion among students
revealed a divide in older adults technology perception
as illustrated in the three meaning units of this category.
These results reflect the necessity for a differential view on
older adults attitudes toward technology, highlighting both
enthusiasm and skepticism within this population.

e Workshop structure and organization: The structure of the
workshop was generally appreciated, with a preference for
a slower pace and the inclusion of breaks for reflection.
However, logistical issues such as unclear timelines, missing
schedule display, and language barriers hindered full
participation as illustrated through the five meaning units of
this category.

The students’ focus group discussion highlights the value
of intergenerational engagement in challenging stereotypes and
enhancing shared learning experiences. Coupled with the high
Impact Dimension score reported in the previous section, we
strongly recommend, despite the modest sample size, integrating
such workshops into the annual curricula of educational technology
institutions. Improving workshop organization by ensuring a
clear timeline, visible schedules, and multilingual support is
essential in cases where participants do not share the same
language. Furthermore, based on the meaning units identified
through the Technology Acceptance category, we recommend
including personal attitudes toward technology in older adults
questionnaire to explore any potential relationship between the
Personal Innovativeness. Further elaboration on the results of the
students’ focus group discussion is illustrated in Section 5.

4.3.2 Older adults group

Similar to the students focus group discussion, The analysis
of the older adults focus group discussion reveals three major
categories (see Table 7), each grounded in several meaning units:

e Technology and practical application: This category is
Older adults
recognized the potential benefits of new technologies for

described through two meaning units.

improving daily life, particularly for older adults. However,
technical issues, such as application crashes and unstable
demos, led to frustration, reducing the effectiveness of
hands-on experiences.

e Engagement and intergenerational learning: five meaning
units illustrate this adults

category. Older enjoyed
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FIGURE 9

Co-designed XR storyboard workshop organized by LAM, GERO, and LIST. Left figure refers to focus group discussion with older adults, and right

figure indicates a focus group discussion with students.

TABLE 6 Students’ focus group discussion content analysis results.

Meaning unit

Category

P2 = “It was really a nice experience to see how each person thinks differently depending on

their age difference.”

P1 = “It’s also interesting to get like, a new perspective on thing that we don’t think about on the
daily, but which is a daily struggle for other people, and in which our development expertise

afterwards can help, where we can make an impact on society?”

Gaining new perspectives

P4 = “I got to know what like other people were thinking at the moment, for example, I never
would have thought that they suggested like a fitness idea, because I thought that older people
would do less sport. But it’s apparently the opposite. The more you age, the more apparently you

have to move around, which is very interesting.”

Challenging stereotypes about

older adults

Intergenerational learning

P5 = “I feel like our group was not very enthusiastic about the whole technology, so it made it

really hard to generate ideas that would help out them.”

P1 = “This stigma that the technology is not for old people, or that they are not interested in , at
least for some cases, is definitely wrong, because they are interested in using them and in
understanding them. And so there is a use case to cater the new technologies to the older

generations?”

Interest in and enthusiasm for

technology

P2 = “Tlearned today that it’s mostly older people who don’t need it (new technologies), if they
have the right mindset. We could buy something through a VR application, but I could just walk

there, what’s the problem?”

Mindset influences technology use

Technology acceptance

P1 = “T think that it’s, for the most part, well organized. It's good that we had an introduction the

day before”

P2 = “The break time was pretty good, as older people need time to refresh their minds on what

is going on.”

P3 = “Tam very glad to have a slower pace rather than a fast one because, with more time, you
actually have more opportunity to discuss things differently and explore the dynamics and

potential of your idea. I think we has enough time.”

Methodology

P1 = “It’s hard to follow exact timelines.,” “There was a timeline in the PowerPoint which was not

displayed during the workshop. So we had to speculate, at what time was the pause?”

Lack of clear schedule

P2 = “T think there should be, like, a translator or something or someone that could help

translate to people like don’t understand Luxembourgish.”

Language barrier in discussion

Workshop structure and

organization

For anonymity, student participants are labeled as “P” with a corresponding number.
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TABLE 7 Older adults’ focus group discussion content analysis results.

Meaning unit Code Category

P1 = “Tt was interesting to think about how such glasses could help me in the future, and that Potential benefits of technology | Technology and practical

maybe there are possibilities to make life easier for elderly people.” application

P2 = “There was a problem with the application, it was crashing.,” “I don’t like it if demo Technical Issues with

applications are crashing.” application

P5 = “It was enjoyable.” Enjoyment of the workshop Engagement and intergenerational

learning

P1 = “Tlearned new things.” Learning experience

P2 = “To learn a bit about the topic, I was passing the last days on the internet to inform myself

what is AR, VR, MR, etc., what is possible today.”

P5 = “Ilike it (the workshop) because I was working well with two young people who supported | Value of intergenerational

me in understanding certain things.,” “The young people helped a lot, so that helped to bridge exchange
the divide on the topic. In that sense, as I said, if they were not there, I would be lost. I mean,
absolutely lost, yeah, they guided me through. They helped me. They guided me through. They

explained”

P1 = “T found really important for instance, that we had the young student, and I could ask him

many questions, and he could answer them all. I found this really great.”

also couldn’t ask questions about it.”

P1 = “My student was rather shy. I didn’t entirely understand the images (content cards) and

Limited communication Workshop structure and

organization

P5 = “English speaking person, it would have been nicer to have been completely integrated”

»

P2 = “Workshop, and organization was great. Easy to follow.,

» «
>

end.,” “Maybe add some small videos in the beginning to show what is possible.”

The presentation was a bit short
for me. It should have been shown in a small workshop beforehand.,” “Would like to have the

slides in advance, to prepare and to take notes. Or say, that the slides will be provided in the

Methodology

P5 = “Well organized and no problem.”

but was a bit little.”

P4 = “It was a bit short and not so convincing in the example we saw. It was a good experience

»
>

P3 = “I would have loved to have more time to test.

It would be good to have more theory”

P1 = “Maybe add a time where we can ask questions in the big group.”

For anonymity, older adults participants are labeled as “P” with a corresponding number.

brainstorming, collaborative idea generation, and learning
new concepts. Intergenerational learning played a key role
in knowledge exchange, with younger participants providing
valuable guidance.

e Workshop structure and organization: Seven meaning units
are grouped in this category. The workshop was well organized
and participants valued the structure. However, there is a need
for greater clarity to improve the presentation and its contents,
including more theoretical material, pre-shared slides, and
introductory videos. Furthermore, language barriers hindered
full participation for English speakers.

Hence, we recommend

continuing  intergenerational

collaborations to strengthen knowledge-sharing dynamics.
For any intergenerational workshop, we recommend allowing
more hands-on testing time to enhance older adults engagement.
In the following section, we discuss in detail the results of
the focus group discussion and link them to the results of the

questionnaire data.
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5 Discussion

In this section, we present a discussion based on qualitative and
quantitative data from older adults and students, along with other
observations regarding the content, structure, organization of the
workshop, and limitations of this study.

5.1 Older adults

Older adults indicated a high satisfaction on the three
dimensions: Workshop Impact, Value of Intergenerational
Learning, and Future Workshop Demand with average scores
of 3.07, 3.47, and 3.57, respectively, as illustrated in Table 5.
These quantitative results, particularly regarding the Value of
Intergenerational Learning dimension, find convergent support
in the qualitative data obtained from the older adults’ focus
group discussion. During the content analysis (see Table7), a
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category called Engagement and Intergenerational Learning was
identified. This category included five meaning units such as
“I was working well with two young people” or “I found really
important for instance, that we had the young student, and
I could ask him many questions, and he could answer them
all.” This study focuses on the co-design of XR applications.
The high average score of 3.57 for the question “Would you be
interested in attending more workshops on Augmented Reality
or other emerging technologies?,” which corresponds to the
Future Workshop Demand dimension, confirms the strong
interest of older adults in participating in such intergenerational
workshops focused on emerging technologies. Despite the
limited sample of older adult participants, we advocate for
institutions, associations, and municipalities offering activities
for older adults to formally integrate such intergenerational
workshops into their annual programming to capitalize on the
observed benefits.

Moreover, we examined potential relationships between
the three dimensions and three questions related to older
adults’ backgrounds in augmented and virtual reality. No
significant relationships were found. While these results cannot
be generalized due to the limited number of participants, they
nonetheless offer preliminary insights for future intergenerational
workshop planning, indicating that regardless of participants’
prior experience with the technology used as the workshop
topic may not substantively affect the workshop’s impact or
the value of intergenerational learning for them. As mentioned
previously in the state of art section, Cucinelli et al. (2018)
identified the uneven distribution of technical knowledge
as a challenge when older adults and younger generations
work together in video game design workshops using Scratch.
In our case, however, this challenge did not arise because
our approach leverages the imagination of older adults and
their ability to translate daily tasks into the storyboard.
Therefore, prior technical knowledge does not appear to
be required from the older adults. However, based on the
different meaning units identified through the Technology
Acceptance category (see Tables6, 7) such as “Our group
was not very enthusiastic about the whole technology, so it
made it really hard to generate ideas that would help,” we
recommend investigating any potential relationship between the
Personal Innovativeness (Agarwal and Karahanna, 2000) and the
three dimensions.

5.2 Students

There was more debate through students responses about
the Value of Intergenerational Learning dimension with a
standard deviation 1.24. Qualitative findings from the focus group
discussions help explain this variability. Several students valued
the chance to discuss technology and science with older adults,
seeing clear benefits in intergenerational learning (see Table 6).
However, others found communication difficult. Some students
mentioned that older adults’ lack of enthusiasm for technology
made it harder to connect, which likely reduced how much they
valued these interactions. These qualitative findings shed light
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on why the quantitative scores varied so much. Hence, one of
the key challenges observed in the intergenerational workshop
can be seen through the feedback provided by participants
from both generations. An older adult shared that “Student
was rather shy,” which suggests limited communication with
the student. Therefore, we recommend providing students with
guidance on how to effectively communicate with older adults
before the intergenerational workshop. This could include being
patient, and tailoring conversations for better understanding.
Students rated the overall impact of the workshop highly
3.5 with relatively homogeneous responses (SD = 0.39). This
consistency is echoed in the qualitative data from the student focus
group discussions (see Table 6), where two codes are identified:
Gaining new perspectives and Challenging stereotypes about
older adults. Together, these qualitative insights help explain the
convergence observed in the quantitative results, suggesting that
intergenerational engagement contributed to both perspective-
taking and the reconsideration of age-related assumptions.
These insights highlight the potential of intergenerational
initiatives to foster shared learning experiences and address
stereotypical perceptions.
Hence, based on these exploratory findings, we tentatively
that
integrating

suggest institutions, associations, and municipalities

consider such  intergenerational =~ workshops
into annual programs for older adults, while educational
technology institutions may also benefit from exploring
the incorporation of intergenerational workshops into their
annual curricula. If validated through larger-scale studies, this
approach could potentially help students become more aware
of and sensitive to the specific needs of older adults within
society, though further research is needed to confirm these

preliminary observations.

5.3 Content, structure and organization of
the workshop

The methodology consists of two different workshops: a
pre-workshop with students to prepare them to animate the
discussion, present two different XR applications and the co-
design activities with older adults during the main workshop, and
a main workshop with students and older adults with the main
objective to provide a first hands-on XR experience for older adults
and co-design a storyboard for potential XR applications. We
acknowledge that this design introduces differences in familiarity
and system understanding between the two groups. However, this
asymmetry aligned with the study’s focus on intergenerational
collaboration and shared expertise in co-designing XR applications,
rather than requiring equal technical knowledge from both
groups. Furthermore clear and practical XR applications should
be emphasized to help make the material more engaging and
convincing for older adults during workshop. Moreover, content
cards were not clear for some older adults that noted in the focus
group discussion their preference to have more explanation about
these cards. This could be derived from a lack of communication
with students at the same table. Furthermore, participants who
do not share a common language present an additional challenge
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for workshop organization. We had one table composed of an
older adult and a student who communicated together in English,
while the workshop presentation was delivered in Luxembourgish.
One of the facilitators sat near the older adult and translated
for him, but this was difficult since he could not translate
loudly without distributing the other tables. As a result, the
student sitting at same table was unable to benefit from the
translation. Therefore, a real time English-speaking translator is
necessary so that translations can be provided via headphones for
English speaker participants. In the workshop structure, we also
recommend providing more hands-on testing time to enhance
older adults engagement.

5.4 Co-designing XR application
storyboard

Furthermore, four storyboards for a potential XR application
aimed at supporting older adults in their daily lives were
proposed during the intergenerational workshop. These included:
(1) Memory assistance tools for individuals in the early stages
of dementia, (2) XR-supported guidance for safely climbing
stairs, (3) Augmented Reality (AR) navigation aids for grocery
shopping, and (4) AR-enabled emergency assistance and real-time
navigation. Each concept addressed specific challenges commonly
faced by aging populations and leveraged XR technologies to
offer intuitive, engaging, and supportive solutions. Drawing from
these storyboards, we identify key areas for future research
and development in XR applications tailored to older adults.
These areas can be grouped into three overarching domains: (1)
Healthcare & Wellbeing, focusing on cognitive support, mental
health, and chronic condition management; (2) Accessibility &
Mobility, addressing physical limitations, safe navigation, and
independence in movement; and (3) Smart Living & Urban
Navigation, which includes the integration of XR into smart
home environments and public infrastructure to enhance safety,
convenience, and autonomy. These domains offer a roadmap for
developing inclusive and impactful XR solutions that align with
the needs of an aging population. Therefore, we recommend that
companies developing XR applications consider older adults during
the design process, especially when applications relate to one
of three broad areas. For example, applications like Beat Saber
(2019) are well-suited for the first area: Healthcare and Well-being.
Nevertheless, such applications remain poorly adapted to the needs
and abilities of older adults.

5.5 Limitations

An intergenerational workshop can be conducted starting
from two persons: an older adult and a younger generation
representative. However, to study the benefits and gain insights and
findings from the intergenerational workshop, to the best of our
knowledge, there is no specific minimum number of participants
in intergenerational workshops mentioned in the state of the art,
unlike, for example, studies Lewis (1994) and Robert (1992), which
have shown that a small number of participants can uncover a large
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share of usability issues, with some suggesting that five users may
identify up to 80% of problems. However, we consider the sample
size in this study (n = 13) to be limited and acknowledge that it
constrains the generalizability of the findings.

We did not formally assess participants’ cognitive or health
status to avoid stigmatization and medicalization of the recruitment
process. However, this means our sample likely consisted of higher
functioning older adults capable of independent living and travel.
Therefore, our findings may not generalize to older adults with
moderate to severe cognitive impairments or significant functional
limitations, and future work should examine intergenerational XR
workshop methodology that can accommodate a broader range of
cognitive abilities.

Furthermore, future research would benefit from comparing
these results with those from non-intergenerational workshops to
better contextualize the findings. Hence, it is important to conduct
non-intergenerational workshops with older adults to design XR
storyboards and others with students, and compare them with the
intergenerational workshops proposed in this study, as this would
offer valuable context for interpretation.

6 Conclusion

We present a methodology to organize an intergenerational
workshop that brings together older adults and students enrolled
in a college program focused on game design and programming
to co-design a storyboard for XR application to support older
adults in their daily lives. This methodology includes a pre-
workshop for students and main workshop for both older adults
and students. We collected qualitative and quantitative data at
the end of the workshop. The quantitative data is grouped into
three dimensions: Workshop Impact, Value of Intergenerational
Learning, and Future Workshop Demand. The three dimensions
are well rated in general by older adults as well as students.
Furthermore, older adults highly rated Future Workshop Demand
which refers to the necessity of proposing additional workshops
while the students emphasized the benefits of intergenerational
workshop for students providing higher score for Workshop
Impact. Based on both the students and older adults focus groups
discussion, we encourage more intergenerational engagement to
strengthen knowledge-sharing dynamics and challenge stereotypes.
We provide recommendations to improve the organization
of intergenerational workshops. These include allowing more
hands-on testing time to enhance older adults engagement,
ensuring a clear timeline and visible schedules, and offering
multilingual support. We also recommend investigating the
potential relationship between Personal Innovativeness (Agarwal
and Karahanna, 2000) and the three identified dimensions.
Moreover, we suggest providing students with guidance on how to
effectively communicate with older adults prior to the workshop.
This could include encouraging patience and adapting their
communication style to ensure better understanding. Finally, this
paper highlights three broad areas as key axes for developing XR
applications tailored to older adults: “Healthcare & Wellbeing,”
“Accessibility & Mobility,” and “Smart Living & Urban Navigation.”
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