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ABSTRACT

Extended Reality (XR) technologies encompassing Virtual
Reality (VR), Augmented Reality (AR), and Mixed Reality
(MR), offer new perspectives for adult education in the digi-
tal era. This article examines the impact of AR applications
on the development of adults’ digital competence directly,
targeting the five domains of the European DigComp 2.2
framework, and indirectly by reducing technology anxiety,
lowering cognitive load, and increasing motivation for digital
learning. Based on a literature review, we discuss reported
benefits and limitations of AR technologies for digital com-
petencies development. We then report results from a user
study involving 20 participants representing medical profes-
sionals, who rated digital competence, cognitive experience,
and perceived educational value for learning and education.
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Introduction

The rapid development of digital technologies has increased
the need for adults to acquire and continuously update digital
competence, understood as a key condition for lifelong learn-
ing and participation in contemporary social, professional,
and civic life [9]. However, many adults, especially those
from older age groups or professionally underserved contexts,
still lack basic digital skills [8]. This gap includes technical as-
pects, such as use of digital devices and broader competencies
such as confidence, critical information processing, digital
safety, problem solving, and the transfer of digital practices
across learning, work, and everyday situations.

In recent years, AR technologies have been widely explored
as tools for developing digital competencies among various
groups of users. Such applications support the development of
new competencies and skills by increasing user engagement,
providing interactive visualizations and learning experiences.
However, there are still challenges associated with the use of
AR tools to develop digital competencies, including technical
limitations and the need for appropriately dealing with cog-
nitive load. In this context, it is important to examine both
the educational potential of AR applications, and the chal-
lenges associated with their implementation. The aim of this
paper is to examine the challenges and the benefits of AR
applications, as part of XR technology, for developing digital
competencies in adult users and how such tools can contribute
to their development through the direct activation of the five
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DigComp 2.2 domains and indirect cognitive effects, such as
reduced technology-related anxiety and increased motivation
to engage with digital tools [24]. We also report findings from
a pilot study evaluating users’ perceptions of the impact of an
AR learning application on their digital competencies.

Impact of AR on the Development of Digital
Competencies

In this section, we discuss the impact of AR applications on
the development of digital competencies in adults. We sum-
marize the main findings from previous studies and discuss
the potential benefits and challenges of using AR technologies
for developing digital competencies.

Direct Impact

The concept of digital competence includes a broad set of
knowledge and skills that enable individuals to use digital
technologies effectively, critically, responsibly, and confi-
dently in different areas of life. As digital literacy is a multidi-
mensional concept, we rely on the DigComp 2.2 framework
as one of the most widely recognized frameworks for describ-
ing digital competence [24]. It divides digital competencies
into five interrelated competence areas: information and data
literacy, communication and collaboration, digital content
creation, safety, and problem solving.

Research on the contribution of AR tools to the development
of information and data literacy within the DigComp 2.2
framework remains limited. Existing studies mainly focus
on teachers or specific professional fields rather than on the
general public [1, 7]. Recent research has also explored the
integration of Large Language Models (LLMs) as powerful
tools for accessing and organizing personalized information.
For example, Gao et al. [11] integrated LLMs into virtual
learning environments to create personalized learning spaces
and demonstrated that these environments can improve users’
digital skills alongside learning outcomes.

Regarding communication and collaboration, AR technolo-
gies support shared virtual spaces for interaction, knowledge
exchange, and teamwork. However, research in this area has
mainly focused on specific professional contexts. For exam-
ple, Olaosebikan et al. [16] developed a virtual collaborative
environment for researchers that supported note-taking and
information sharing among researchers. AR applications are
still rarely designed specifically to develop digital commu-
nication and collaboration competences. In education, AR
is increasingly used to support collaboration between teach-
ers and students through more engaging learning environ-
ments [2, 15]. Although students and teachers show interest
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in these technologies, a lack of technical skills among instruc-
tors remains one of the main challenge. Many online learning
platforms now offer courses to improve digital communica-
tion skills and technology use.!-?

AR applications are widely used to develop content creation
competences because they allow users to visualize and present
information in a more interactive way. AR content is often
more engaging and interactive, but creating it requires tech-
nical skills from users. Studies show that positive learning
outcomes motivate teachers to improve their digital content
creation skills [1, 18]. Similar results are found in other fields,
such as nursing education, where AR simulations help stu-
dents practice clinical skills [7]. Merchant et al. [14] found
that active participation in digital content creation is a strong
factor in developing digital competences.

Within the digital safety domain, virtual tools and simula-
tions show promising results in improving awareness of on-
line risks and users’ ability to respond to security threats.
For example, phishing simulation studies [12, 13] indicate
that interactive training can increase attack-recognition rates
by 35-40% compared to conventional approaches. Similarly,
Vishwanath [23] reported that trained employees reduced
phishing click-through rates from 18% to 4%, while conven-
tional training reduced rates from 17% to only 11%. Similar
positive results have been reported in the problem-solving
domain, where AR technologies support experimentation,
critical thinking, and practical digital skills development.
The European Silver VR project? followed adults over 65 who
participated in weekly VR sessions over 12 weeks. Partici-
pants achieved an average 28% increase in digital competence
scores (DigComp-based assessment), compared with 11% in
the control group. Notably, 73% of participants continued
autonomous use of digital tools after the end of the program.

Indirect Impact

In addition to helping adults develop digital skills directly,
AR applications can also contribute to digital competence
in indirect ways. Instead of teaching digital skills explicitly,
AR creates learning experiences that can improve learners’
perception of technology, increase their motivation, positively
impact perceived cognitive load [5], and encourage them to
use digital tools more often [24]. These changes can support
the development of digital competence over time, especially
among adults who may initially have limited confidence in
using technology.

One important indirect effect of AR is the reduction of tech-
nology anxiety. Technophobia, defined as fear or anxiety re-
lated to the use of computerized technology [6], is widely
reported as a major barrier to digital competence development
among older adults [20]. This is compounded by a substan-
tial digital skills gap: only 33% of EU citizens aged 65-74
possessed at least basic digital skills in 2025, compared to ap-
proximately 75% among those aged 16-34.* AR applications
may help reduce this anxiety because they rely on more natu-
ral interactions, such as gestures and voice commands, instead
of complex menus or text-based commands. Structured, grad-
ual exposure to immersive technologies through short guided

Uhttps://www.coursera.org/learn/augmented- reality

2 https://epale.ec.europa.eu/ro/online-course-catalogue

3 https://www.silvergrow.eu/menu/project/digital- skills- virtual-reality
“https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Skills_for_the_
digital_age
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Figure 1: Pilot study participants interacting with the AR
application using a smartphone.

programs has been shown to support higher levels of tech-
nology acceptance and reduced apprehension among older
adults, even after relatively brief periods of engagement. This
research also showed that participants became more willing
to use other digital technologies.

AR applications may also increase motivation to engage with
digital technologies. Their immersive and interactive nature
can create “flow,” an experience described by Csikszentmiha-
lyi [10], helping learners stay focused and engaged in learn-
ing activities. Ryan and Deci [19] explain this effect through
Self-Determination Theory, arguing that motivation increases
when the needs for competence, autonomy, and relatedness
are satisfied. As adults become more confident when using AR
applications, they may also become more willing to explore
other digital technologies, supporting the gradual develop-
ment of digital competence.

Interacting with AR applications can also develop cogni-
tive skills via cognitive augmentation [21]. Exploring three-
dimensional virtual environments helps developing spatial
reasoning, which has been linked to more effective use of
complex digital interfaces [5, 22]. A recent instrument for as-
sessing cognitive extension in XR environments, XR-CES [3],
supports evaluation of cognitive extension across seven di-
mensions. Its evaluation revealed statistically significant dif-
ferences across groups of learners based on exposure, e.g.,
higher perceived attention, thinking, cognitive integration,
and cognitive sustainability extension from 20 to 40 minutes
of exposure to the virtual environment in a mobile AR appli-
cation. Follow-up confirmation on a larger sample [4] further
strengthened the theoretical model of XR-CES.

Study
Procedure

We conducted a user study to evaluate an educational mobile
AR application designed for first-aid training. The applica-
tion guided participants step-by-step through a wound-care
procedure. First, participants received a brief introduction to
the first-aid procedure by watching a video incorporated into
the AR environment (Figure 1). They then completed an AR
demonstration, following the required steps through visual
and audio guidance. After the practical activity, participants
completed a short knowledge quiz to evaluate the retention of
the presented information.
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Participants. The study involved 20 adult participants aged be-
tween 18 and 61 years. Of these, 16 self-identified as female
and 4 as male. Most participants reported little or no prior
experience with AR/VR technologies, making the sample rep-
resentative of typical adult learners encountering immersive
technologies for the first time.

Measurements. Participants completed a questionnaire us-
ing a five-point Likert scale, from 1 (strongly disagree) to 5
(strongly agree). The questionnaire was designed to evaluate
four aspects of the user’s perception of interaction with the
AR application, as follows:

e Digital competence was evaluated through self-
reported digital competence, technical confidence
and technology-related stress;

o Interaction with the AR app regarding navigation,
accessibility, task execution, and task understanding;

e Cognitive experience during AR interaction evaluat-
ing processing multimodal information, distributed
attention, and cognitive overload;

e Perceived educational value for learning, content un-
derstanding and retention, educational potential.

For each of the four measurements, a score was calculated by
averaging the values of the contributing dimensions. Before
calculating the average, the negatively connotated dimen-
sions were reverse-scored by subtracting their values from
6, resulting in scores ranging from 1 to 5. The negatively
connotated dimensions were the technology-related stress di-
mension from the Participants’ Digital Competence measure-
ment and the cognitive overload dimension from the cognitive
experience ratings. After the study, a short informal interview
was conducted to explore participants’ experiences with the
AR application and their perceptions of its potential impact
on the development of digital competencies.

Results

The results indicate a positive perception of AR application
and the learning experience. Participants reported a relatively
high level of digital competence, with an average of 4.10
(SD = 0.65). Among the contributing dimensions, the par-
ticipants reported an average score of perceived technical
confidence of 4.30 (SD = 0.86) and for self-reported digital
competence an average of 4.10 (SD = 0.91). The self-reported
level of stress when using new technologies was evaluated
with an average score of 2.10 (SD = 1.29). Although most
participants had little or no prior experience with AR/VR
technologies, they generally considered themselves digitally
competent, expressed confidence in solving simple technical
issues. They also reported openness to explore new tech-
nologies and reported low to moderate levels of stress when
interacting with them.

The interaction with the AR application received a high av-
erage score of 4.53 (SD = 0.64). Overall, participants found
the application easy to navigate, appropriate for their level
of digital skills, and they were able to follow the proposed
workflow. The contributing dimensions also received high
ratings, with mean scores of 4.40 (SD = 0.75) for navigation,
4.65 (SD = 0.67) for accessibility, 4.60 (SD = 0.75) for task
understanding, and 4.45 (SD = 1.10) for task execution. The
overall feedback remained positive, and most participants
were able to complete the tasks successfully, yet a small num-
ber of participants experienced some navigation difficulties.
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For instance, P;5 commented that they experienced difficulties
following the application’s instructions because they had to
move the smartphone around to locate and view the virtual ele-
ments. However, after becoming familiar with the application,
they recognized that it positively changed their perception of
new technologies and expressed interest in using similar appli-
cations in the future. This suggests that unfamiliar interaction
methods in AR may initially present challenges for users with
limited technological experience, but the interactive nature of
AR experiences can help users overcome these difficulties and
develop confidence and acquire new digital competencies.
Regarding the cognitive experience, participants reported a
positive evaluation, with an overall average score of 4.00
(SD = 0.57). Overall, they indicated that they were able to
process the simultaneous audio and visual guidance, man-
age multiple sources of information, and maintain their at-
tention throughout the activity. The individual dimensions
also received positive ratings, with average scores of 4.60
(8D = 0.68) for processing multimodal information and 4.60
(8D = 0.68) for perceived improvement in distributed atten-
tion. In contrast, the feeling of being overwhelmed received an
average score of 3.20 (SD = 1.70), indicating that participants
felt a slightly to moderately overload during the activity.
The perceived educational value of the application received
the highest overall rating, with an average score of 4.79
(SD = 0.42). Participants considered the application useful
for learning, with an average score of 4.80 (SD = 0.52), and
reported that the content was easy to understand, with an av-
erage score of 4.75 (SD = 0.44), and easy to remember, rated
with 4.75 (SD = 0.55). They also recognized the educational
potential of the application, which received the highest score
among the contributing dimensions, with an average of 4.85
(8D = 0.37). In addition, participants expressed a willingness
to use similar AR applications in the future and indicated that
they would recommend the application to other users.

Discussion

The existing research on using AR to develop adults’ digital
competencies suggests that they can have direct and indirect
impacts. Directly, AR applications support the development of
practical digital skills, especially in the area of digital content
creation, as defined by the DigComp 2.2 framework. Through
interaction with AR environments, users practice using digital
tools, learn new ways of interacting with technology and gain
experience in creating and working with digital content. Indi-
rectly, AR applications can support the development of digital
competencies by increasing users’ motivation, confidence,
and willingness to engage with digital technologies. Another
important impact of AR applications is related to learning
processes. AR learning applications encourage users to spend
more time interacting with educational content, but the wider
implementation of AR technologies remains challenging, as
limited digital skills among some adult learners may create
difficulties in using these applications effectively.

The results of our user study support findings reported in
previous research. Participants showed interest in interacting
with AR applications, and even users without previous ex-
perience were able to quickly learn the basic navigation and
interaction methods. Participants recognized the educational
potential of AR applications and their value in learning con-
texts, which received the highest evaluation score in the study.
They are consistent with previous studies that reported the
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educational benefits of AR applications and their positive im-
pact on learners’ motivation [24]. Our findings complement
this research by providing insights into users’ perceptions of
how AR applications can support the development of their
cognitive abilities and digital competencies. However, it is im-
portant to distinguish between perceived learning outcomes,
which were measured in our study, and actual learning out-
comes. The integration of AR tools into education and digital
competence development should be carefully designed and
evaluated to avoid creating an illusion of improvement [17]
compared to traditional methods.

Conclusion

AR applications represent a promising approach for support-
ing adults in developing digital competencies addressing di-
rect skill development and with positive changes in users’
perception of technology and cognitive augmentation. Our
findings indicate that, despite initial challenges related to un-
familiar interaction methods and limited digital experience,
AR can create motivating learning experiences that encourage
adults to engage more with digital technologies.
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