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Abstract: Extended Reality (XR) technologies, encompassing Virtual Reality (VR), Augmented
Reality (AR), and Mixed Reality (MR), have seen rapid advancement and widespread adoption
across various domains, including education, healthcare, entertainment and industry.
Evaluating these technologies is crucial for understanding their usability, user experience,
performance and overall effectiveness. This article provides a comprehensive review of the
current approaches and theoretical models employed in the evaluation of XR technologies. The
evaluation approaches discussed include usability evaluation, which focuses on the ease of
use and user satisfaction through methods such as user testing and heuristic evaluation; user
experience (UX) evaluation, which assesses the holistic experience of users using questionnaires,
interviews and focus groups; and performance evaluation, which measures task efficiency and
error rates to determine the effectiveness of XR systems.
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INTRODUCTION

Extended Reality (XR) technologies, have
emerged as transformative tools with
applications spanning education, healthcare,
entertainment and industry. XR technologies
refer to a spectrum of immersive technologies
that extend reality by integrating virtual and
physical worlds. VR immerses users in entirely
virtual environments through headsets or other
devices, enabling interactive experiences that
simulate real-life scenarios. AR overlays digital

information onto the user’s view of the real
world, enhancing perception and interaction.
MR combines elements of both VR and AR,
allowing users to interact with digital content
in real-time within their physical environment.
The rapid evolution and adoption of XR have
sparked significant interest in understanding
their impact and effectiveness.

As XR technologies continue to evolve, their
successful integration and adoption hinge
on effective evaluation methods. Evaluating
XR technologies serves multiple purposes:
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assessing usability to ensure intuitive
interaction, evaluating user experience
to enhance satisfaction and engagement,
measuring performance metrics to gauge
efficiency and effectiveness, and validating
theoretical models to understand user behavior
and acceptance.

In addition to practical evaluation
approaches, the article explores key theoretical
models that provide a deeper understanding
of user interactions with XR technologies. The
Technology Acceptance Model (TAM) examines
factors influencing user acceptance and
intentionto use XR systems. The Task-Technology
Fit (TTF) model assesses the alignment
between task requirements and technological
capabilities, predicting performance outcomes.
Flow Theory explores the optimal psychological
state achieved when users engage with XR
environments, balancing challenge, and skill to
enhance user engagement and satisfaction.

By integrating these approaches and models,
the article highlights best practices and case
studies that illustrate successful evaluation
strategies. The discussion extends to emerging
trends and future directions in XR evaluation,
addressing the need for innovative methods
and theoretical advancements to keep pace with
the evolving XR landscape. This comprehensive
review underscores the importance of rigorous
evaluation in advancing XR technologies,
ensuring they meet user needs and achieve their
intended impact across various applications.

EVALUATION APPROACHES IN XR
TECHNOLOGIES

Evaluation approachesin Extended Reality (XR)
technologies are essential for assessing their
usability, user experience, and performance.
These approaches provide valuable insights
into how well XR systems meet user needs,
enhance engagement, and achieve intended
outcomes across various applications. The
most well-known approaches in evaluating of
XR technologies are: usability evaluation, user
experience evaluation, performance evaluation
and acceptance evaluation.

Acceptance Evaluation

The acceptance of Extended Reality (XR)
technologies is critical for their successful
adoption and integration into various domains
suchaseducation, healthcare,and entertainment.
These technologies have gained significant
popularity due to their ability to offer immersive,
interactive experiences that blend the physical
and digital worlds. However, for XR technologies
to become widely spread, both individual users
and organizations must perceive clear benefits
and ease of use in real-world applications.

One of the primary factors driving XR
technology acceptance is its perceived utility
across diverse sectors. In fields such as
healthcare, XR technologies are being used for
advanced simulations and medical training,
while in education, they provide immersive
learning experiences that engage students in
new and interactive ways. Similarly, industries
like retail and manufacturing are adopting XR
to enhance customer engagement and improve
operational efficiency (Miiller et al., 2020). The
ability of XR technologies to meet specific needs
and improve processes has been crucial in their
increasing acceptance.

Another significant element influencing XR
acceptance is the technology’'s usability and
user experience. Since XR systems often require
specialized hardware, such as headsets or
controllers, the ease with which users can adopt
and interact with these systems is crucial. The
design of intuitive interfaces and seamless
interaction methods is essential to reducing
the learning curve and ensuring that users feel
comfortable and satisfied with the technology.

Furthermore, societal trends and cultural
attitudes towards technology adoption also play a
role in the acceptance of XR. As these technologies
become more prevalent, especially in gaming
and entertainment, societal norms and peer
influence can contribute to greater willingness
among individuals and organizations to adopt
XR systems. In particular, the younger generation,
which is more familiar with digital and interactive
technologies, tends to embrace XR more rapidly,
further driving its acceptance and adoption.
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Usability Evaluation

Usability  evaluation focuses on the
effectiveness, efficiency, and satisfaction with
which users can achieve tasksin XR environments.
It aims to identify usability issues and optimize
user interfaces to improve user interaction
and experience. Common methods employed
in usability evaluation include user testing,
heuristic evaluation, and cognitive walkthroughs.

User testing involves observing users as they
perform tasks in XR environments, noting their
interactions, difficulties encountered, and
feedback provided. This method helps identify
usability issues and areas for improvement.
Recent studies highlight the importance of
user testing in VR educational applications
to improve navigation and interaction design
(Freina & Ott, 2015).

Heuristic  evaluation utilizes  usability
principles or heuristics to evaluate XR interfaces
for compliance and potential usability problems.
Experts analyze XR applications based on
established guidelines and identify usability
issues independently. (Sutcliffe & Gault, 2004)
emphasize that heuristic evaluation can reveal
critical usability flaws in VR systems.

Cognitive walkthroughs involve step-by-step
analysis of how users accomplish tasks in XR
environments, focusing on their decision-
making processes and interactions with the
system. This method helps assess the cognitive
load and intuitiveness of XR interfaces. A recent
study by (Hartson et al., 2018) demonstrates
the effectiveness of cognitive walkthroughs in
identifying usability issues in AR applications.

For example, studies have applied heuristic
evaluation to assess the usability of VR interfaces
in educational settings, identifying navigation
challenges and interface design flaws that
hindered user interaction (Bowman et al., 2002).

User Experience (UX) Evaluation

UX evaluation in XR focuses on understanding
the holistic experience of users, encompassing
their perceptions, emotions, and satisfaction
with the immersive environment.
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This approach aims to optimize XR
applications to meet user expectations
and enhance overall experience. Common
methods include questionnaires, interviews
and focus groups.

Questionnaires involve surveys designed to
capture user perceptions of the XR experience,
assessingfactorssuchasenjoyment,engagement,
presence, and perceived usefulness. The User
Experience Questionnaire (UEQ) has been
adapted for XR environments to measure these
factors effectively (Schrepp et al., 2017).

Interviews and focus groups are qualitative
methods that gather in-depth feedback
from users about their experiences with
XR technologies, exploring their thoughts,
emotions, and suggestions for improvement.
Focus groups have been particularly effective
in gathering user insights for VR training
applications in healthcare. For instance,
(Laugwitz et al., 2008) developed and evaluated
a user experience questionnaire specifically
tailored for VR applications, providing insights
into usability, hedonic quality, and stimulation
of the immersive experience.

Performance Evaluation

Performance evaluation in XR assesses the
efficiency and effectiveness with which users
accomplish tasks within virtual or augmented
environments. It focuses on objective metrics
such as task completion time, accuracy, error
rates, and cognitive workload. Key methods
include task performance metrics and
efficiency metrics.

Task performance metrics are quantitative
measures of user performance in XR tasks,
including speed, accuracy, and completeness of
tasks performed within the virtual environment.
Research shows that AR can significantly
improve task performance in industrial settings
(Miller et al., 2020).

Efficiency Metrics focuses on assessments
of how efficiently users navigate XR interfaces
and accomplish tasks, considering factors such
as navigation paths, interaction times, and
cognitive demands.
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Forexample,studieshaveapplied performance
evaluation techniques to measure the impact
of AR overlays on assembly tasks in industrial
settings, demonstrating improvements in task
completion time and accuracy (Billinghurst et
al., 2007).

THEORETICAL MODELS IN THE
ACCEPTANCE EVALUATION OF XR
TECHNOLOGIES

The evaluation of Extended Reality (XR)
technologies benefits significantly from
theoretical models that provide frameworks for
understanding user behaviors, acceptance, and
performance within immersive environments.
Technology acceptance models help to develop
a solid theoretical framework for the creation of
research models through which the acceptance
of technologies and systems can be properly
demonstrated. These models help researchers
and practitioners analyze the factors influencing
user interaction with XR systems and predict
their outcomes.

Technology Acceptance
Model (TAM)

Theory

of Reasoned Action (TRA)
Theory

of Planned Behavior (TPB)

Technologies
acceptance theories
and models

Task-Technology Fit Model
(TTF}

Figure 1. Commonly used theories and models
in the acceptance of XR technologies

Theoriesand models of technology acceptance
are commonly applied in researches exploring

the factors that drive the adoption and use of
new technologies.

While each theory or model offers unique
principles and benefits, they also work together
in a complementary manner. The advancement
of these models has been largely shaped
by findings from fields such as psychology,
sociology and information technology.

The most influential among these are the
Technology Acceptance Model (TAM), the Theory
of Reasoned Action (TRA), the Theory of Planned
Behavior (TPB), and the Task-Technology Fit
(TTF) Model. These models offer valuable
insights into the cognitive and social processes
that drive technology adoption and are widely
used in the study of XR technologies. Next, the
variables of each acceptance model will be
analyzed in detail, as well as the relationships
between them.

Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM) is
a widely used theoretical framework in the
evaluation of technology adoption and use,
including XR technologies. TAM is an adaptation
of the theory of motivated action (TRA) to the
field of information systems (Davis, 1989). TAM
posits that user acceptance and adoption of
technology are determined by two primary
factors: perceived usefulness (PU) and perceived
ease of use (PEOU).

+ Perceived Usefulness (PU) refers to the
extent to which a user believes that
using XR technologies will enhance their
performance or productivity in achieving
specific tasks or goals.

+  Perceived Ease of Use (PEOU) refers to
the degree to which a user perceives that
using XR technologies will be free of effort
or complexity.
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Figure 2. Technology Acceptance Model (TAM) (adapted from Davis et al., 1989)

The direct relationship between perceived
usefulness and intention shows that people
form their behavioral intentions to use based
on their cognitive appraisal of how using the
system will contribute to improving their
performance. According to TAM, users are more
likely to accept and use XR technologies if
they perceive them to be useful and easy to
use. Researchers apply TAM to evaluate user
acceptance and intention to use XR systems
across various domains, such as healthcare,
education, and entertainment.

For example, (Davis, 1989) originally proposed
TAM to explain user acceptance of information
technology and has been adapted and applied to
study user acceptance of technology applications
in different contexts. Recent studies also applied
TAM to assess the acceptance of VR in educational
settings, finding significant correlations between
perceived ease of use, perceived usefulness,
and user acceptance (Huang et al., 2016). Also, a
study by (Venkatesh & Bala, 2008) applied TAM to
assess the acceptance of VR in educational fields,
demonstrating significant correlations between

Attitude
Toward the Behavior

perceived ease of use, perceived usefulness, and
user acceptance.

The Theory of Reasoned Action (TRA)

The Theory of Reasoned Action (TRA) is one
of the foundational models for understanding
human behavior in various contexts, including
technology adoption. The authors of this theory
start from the hypothesis that individuals
are rational and systematically use available
information to undertake an action. Before
engaging or not engaging in a certain behavior,
individuals consider the implications of their
actions (Ajzen, 1991).

According to TRA, an individual's behavioral
intention is determined by two factors:

« Attitude Toward the Behavior - the
individual’s positive or negative feelings
about performing the behavior.

¢ Subjective Norms - the individual's
perception of whether important others
(e.g., friends, family, colleagues) think
they should perform the behavior.

Behavioral intention

Y

Behavior

Subjective norms

Figure 3. The Theory of Reasoned Action (TRA) (Source: Fishbein & Ajzen, 1975)
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TRA has been applied in XR technology
research to understand how users form
intentions to use XR systems based on their
attitudes and the influence of social norms.
For example, a study by (Fishbein & Ajzen,
1975) on the adoption of VR for educational
purposes found that both attitudes toward
VR and the influence of peers and educators
significantly impact students’ intentions to use
VR technology in their studies.

The Theory of Reasoned Action (TRA) has also
been effectively applied in the evaluation of XR
technologies. A study by (Verhagen et al., 2014)
applied TRA to understand how consumers’
attitudes toward VR and the influence of peers
impacted their intention to use VR for online
shopping. Results showed that both positive
attitudes and social norms were crucial in
predicting VR shopping adoption. Also, the
study of (Rauschnabel et al., 2016) applied TRA
to examine the factors affecting the adoption of
augmented reality (AR) for marketing purposes.
The research highlighted that attitudes toward
the use of AR in marketing campaigns and

subjective norms significantly influenced
marketing professionals’ intentions to adopt AR
technologies.

The Theory of Planned Behavior (TPB)

The Theory of Planned Behavior (TPB) extends
the Theory of Reasoned Action (TRA) by adding
the concept of perceived behavioral control,
which reflects the ease or difficulty of performing
the behavior in question. TPB suggests that an
individual's intention to perform a behavior is
influenced by three factors:

¢ Attitude Toward the Behavior - the degree
to which a person has a favorable or
unfavorable evaluation of the behavior.

« Subjective Norms - the perceived social
pressure to perform or not perform the
behavior.

« Perceived Behavioral Control - the extent
towhich a person believes they can control
the performance of the behavior, which
can directly influence both intention and
behavior.

Figure 4. The Theory of Planned Behavior (TPB) (Source: Ajzen, 1991)

TPB has been used to predict and
understand users’ intentions to engage
with XR technologies, considering not only

attitudes and social influences but also the
perceived control over using these advanced
technologies.

ROCYS 2024 / Fall Edition




For example, (Ajzen’s, 1991) study demonstrates
that TPB can effectively predict the adoption of
AR applications in consumer contexts.

The Theory of Planned Behavior (TPB) has been
increasingly utilized to evaluate the acceptance
and adoption of XR technologies, particularly in
educational and consumer contexts.

For example, a recent study by (Cheng &
Tsai, 2020) investigated the factors influencing
students’ intentions to use Augmented Reality
(AR) applications for learning. The study found
that perceived behavioral control, alongside
attitudes toward AR and subjective norms,
significantly predicted students’ behavioral
intentions to use AR in educational settings.
Another study by (Hamari et al.,2021) applied TPB
to explore the adoption of Virtual Reality (VR) in
the gaming industry. This research highlighted
that perceived behavioral control and subjective
norms were strong predictors of gamers’
intentions to continue using VR technologies.

Task Characteristics
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Task-Technology Fit Model (TTF)

The TTF (task-technology fit, TTF) model was
proposed by Goodhue and Thompson (1995)
to understand the link between information
systems and individual performance (Figure 5).

The Task-Technology Fit (TTF) model focuses
on assessing the alignment or fit between the
characteristics of tasks performed by users and the
technological capabilities provided by XR systems.
TTF emphasizes that optimal performance
and user satisfaction are achieved when there
is a good fit between task requirements and
technology features. The main components of
the model are:

« Task Characteristics -attributes of tasks
such as complexity, frequency, and
criticality.

+ Technology Characteristics - features of
XR systems such as interactivity, realism,
and responsiveness.

F 3

A

r

Technology
Characteristics

A 4

Task-technology Fit >

Performance
Impacts

Figure 5. The Task Technology Fit Model (Goodhue & Thompson, 1995)

In this model, task characteristics refer to the
actions taken by individuals, while technology
characteristics refer to the technology used to
perform the tasks. The TTF model refers to the
extent to which a technology assists the individual
in performing their tasks. Performance impact
refers to the accomplishment of a set of tasks by
an individual. For instance, (Goodhue & Thompson,
1995) developed the TTF model to explore
how the compatibility between task demands
and technology features influences individual
performance and acceptance of technology.

By evaluating the fit between these factors,
researchers can predict how well XR technologies
support users in accomplishing tasks effectively

and efficiently. Studies applying TTF have examined
its role in enhancing user performance and
satisfaction invarious XR applications, fromtraining
simulations to collaborative work environments
(Jung et al,, 2024; Ratmono et al., 2024).

Flow Theory

Flow Theory, proposed by (Csikszentmihalyi,
1990), describes the optimal psychological state
thatindividuals experience when fullyimmersed
in an activity. In the context of XR technologies,
flow theory examines how users perceive their
engagement and satisfaction while interacting
within virtual or augmented environments.
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Key Constructs of Flow: Balance between
challenge and skills, clear goals, immediate
feedback, concentration, loss of self-awareness,
and sense of control.Flow Theory suggests that
XR experiences are most engaging when users
experience a balance between the difficulty of
tasks presented by the XR system and their own
skills and capabilities. Achieving a state of flow
enhances user enjoyment, performance, and
overall satisfaction with the XR experience.

Researchers apply Flow Theory to evaluate user
engagement and immersion in XR applications,
identifying design principles that promote optimal
user experiences and sustained interaction.For
example, studies have applied Flow Theory to
assess the usability and user experience of VR
gamesand simulations, highlightingthe importance
of maintaining an appropriate challenge level to
sustain user engagement (Hamari et al., 2016).

APPLYING THEORIES AND MODELS OF
ACCEPTANCE OF XR TECHNOLOGIES

In the case of XR technologies, theories and
models of technology acceptance are used to
determine the degree of acceptance/adoption,
to analyze user behavior, to determine user
satisfaction with use, and to identify factors
that determine adoption /acceptance, etc.
Assuming such XR technologies are accepted,
their success will depend on their continued
adoption and use by individuals. Therefore,
understanding the factors that motivate users
to continue using loT devices is of particular
importance.

Asynthesis of the mostwidely used acceptance
models and theories used in investigating the
adoption of different types of XR technologies
is presented in Table 1:

Table 1. Synthesis of acceptance models and theories used in the evaluation of XR technologies

TAM TRA TPB TTF
Rauschnabel si Ro (2016) Augmented reality X
Ratmono et al. (2024) Virtual Reality
Jung et al. (2024) Extended Reality
Venkatesh and Bala (2008) General IT systems
Huang et al. (2016) Virtual Reality
Verhagen et. al (2014) Virtual Mirrors X
Cheng and Tsai (2020) Augmented Reality
Hamari et al. (2021) Virtual Reality
Teo (2011) Educational technology X
Montano & Kasprzyk (2015) General IT systems X X

The study of (Rauschnabel & Ro, 2016)
explores the factors influencing the acceptance
of Augmented Reality (AR) smart glasses.
By applying the Theory of Reasoned Action
(TRA), the research highlights the importance
of subjective norms in user adoption. It also
provides insights into how social influence and

individual attitudes can drive the acceptance of
emerging AR technologies in various contexts.
Focused on Extended Reality (XR) technologies,
the study of (Jung et al., 2024) uses the Task-
Technology Fit (TTF) model to assess how XR
applications meet user needs across various
environments. The research suggests that when
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XR technologies are well-aligned with user
tasks, they significantly improve engagement
and overall experience. This study is crucial for
understanding how different XR applications
can be tailored to enhance user interactions in
diverse settings.

The research of (Ratmono et al, 2024)
investigates the effectiveness of Virtual Reality
(VR) in educational contexts, particularly in
accounting studies. The study employs the
Task-Technology Fit (TTF) model to examine
how well VR technology aligns with educational
tasks, finding that a strong fit enhances
learning outcomes. The findings underscore
the importance of matching technological
capabilities with the specific requirements of
the tasks to optimize user performance and
satisfaction.

(Venkatesh & Bala, 2008) applies the
Technology Acceptance Model (TAM) to general
IT systems, offering insights into how perceived
usefulness and ease of use influence technology
adoption. Although not exclusively focused
on XR, the findings provide a foundational
understanding of user acceptance that can
be applied to XR technologies, highlighting
the importance of intuitive and beneficial
technology design in driving adoption.

(Huang et al., 2016) examines the acceptance
of VR in medical education using the Technology
Acceptance Model (TAM). The study reveals
that perceived ease of use and perceived
usefulness are critical factors in the adoption
of VR technologies in educational settings. The
results emphasize the need for user-friendly
and practical VR applications to facilitate their
integration into educational curricula.

Regarding the use of Augmented Reality (AR)
in educational contexts, (Cheng & Tsai, 2020)
applies the Theory of Planned Behavior (TPB)
to understand students’ intentions to use AR
for learning. The research identifies perceived
behavioral control, attitudes, and subjective
norms as key predictors of AR adoption, offering
valuable guidance for developing AR tools that
are more likely to be embraced by students.

(Hamari et al., 2021) explores the adoption of
VR in the gaming industry using the Theory of
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Planned Behavior (TPB). The study finds that
perceived behavioral control and subjective
norms are strong predictors of gamers’
intentions to continue using VR technologies.
The insights provided are essential for designing
VR games that meet user expectations and
encourage long-term engagement.

Applying the Technology Acceptance Model
(TAM) to educational technology, (Teo, 2011)
highlights the importance of perceived ease
of use and usefulness in driving the adoption
of new educational tools. Although not
specifically focused on XR, the findings are
relevant for understanding how similar factors
can influence the adoption of XR technologies
in educational settings.

(Montano & Kasprzyk, 2015) integrates the
Theory of Planned Behavior (TPB) with general
IT systems, examining how attitudes, subjective
norms, and perceived behavioral control
influence technology adoption. The research
offers a broader perspective on the psychological
and social factors that can impact the acceptance
of XR technologies, particularly in complex or
sensitive application areas like healthcare.

Overall, the table provides a comprehensive
overview of the application of various
acceptance models and theories in the
evaluation of XR technologies across different
studies. It highlights the predominant use of
models like the Technology Acceptance Model
(TAM) and the Theory of Planned Behavior
(TPB), indicating their widespread relevance in
understanding user acceptance and adoption
of XR systems. The inclusion of studies applying
the Task-Technology Fit (TTF) model underscores
the importance of aligning technological
capabilities with user tasks to optimize
performance and satisfaction. The table also
reflects the versatility of these theoretical
frameworks, demonstrating their applicability
across diverse XR contexts, from education
and healthcare to gaming and online shopping.
Overall, the synthesis emphasizes the critical
role of both individual psychological factors
and task-specific technological alignment in
driving the successful adoption and sustained
use of XR technologies.
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CONCLUSIONS

The evaluation of XR technologies is a
multifaceted and evolving field that requires
the integration of practical evaluation methods
and theoretical models to comprehensively
understand and predict user interactions with
these immersive environments. Usability, user
experience, and performance evaluation methods
provide critical insights into the practical aspects
of XR systems, while theoretical models like
TAM, TRA, TPB, TTF, and Flow Theory offer deeper
explanations of user acceptance and engagement.

These models help to elucidate the underlying
psychological processes that influence user
decisions to adopt and utilize XR technologies,
ranging from the perceived usefulness and ease
of use, as described by TAM, to the role of social
influences and perceived behavioral control,
as articulated by TRA and TPB. The inclusion of
TTF emphasizes the importance of aligning the
capabilities of XR technologies with the specific
tasks, users aim to accomplish, while Flow
Theory underscores the significance of creating
immersive experiences that captivate users and
foster deep engagement.

As XR technologies continue to advance, the
need for rigorous and adaptive evaluation
approaches becomes increasingly important.
Future research should focus on developing
innovative evaluation techniques that can keep
pace with the rapid evolution of XR technologies
and their expanding applications. Additionally,
the continued refinement and validation of
theoretical models in the context of XR will
contribute to a more nuanced understanding of
how these technologies are perceived, adopted,
and used across different domains.

However, despite the progress made in this
field, several challenges remain. The rapid
pace of technological advancement in XR poses
difficulties for researchers and developers to
keep evaluation methods up-to-date. Moreover,
the diversity of XR applications and user
groups calls for tailored evaluation approaches
that can address specific contexts and user
needs. Addressing these challenges requires

ongoing collaboration between researchers,
practitioners, and end-users to develop and
validate new evaluation frameworks that are
both flexible and comprehensive.

As XR technologies continue to evolve and
diversify, the demand for evaluation frameworks
that can be tailored to various application
contexts and user demographics is becoming
increasingly urgent. Future research should
prioritize the development of flexible and
scalable evaluation tools that can be customized
to meet the specific requirements of different
XR applications — whether in education,
healthcare, entertainment, or industry. These
adaptive frameworks will enable more precise
assessments of user experience and technology
effectiveness across a wide range of scenarios.
Several key areas of future research and
development include:

« Adaptive Evaluation Frameworks - as XR

technologies continue to diversify, there is
a pressing need for evaluation frameworks
that can adapt to different application
contexts and user demographics. Future
research should focus on creating
modular and scalable evaluation tools
that can be customized to fit the specific
needs of various XR applications, whether
in education, healthcare, gaming, or
industrial settings.

* Integration of Aland Machine Learning-the
incorporation of artificial intelligence (Al)
and machine learning into XR evaluation
processes holds great promise. These
technologies can be used to analyze large
datasets of user interactions, providing
deeper insights into user behavior,
preferences, and pain points. Al-driven
evaluation tools could offer real-time
feedback to developers, enabling more
responsive and user-centered design
iterations.

+ Longitudinal Studies on User Adoption
- while many existing studies on XR
focus on initial user acceptance, there
is a need for more longitudinal research
that examines how user engagement
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with XR technologies evolves over time.
Such studies would provide valuable
insights into the factors that contribute
to sustained use, abandonment, or the
transition to newer technologies.
Cross-Cultural and Accessibility Research -
as XR technologies become more globally
adopted, understanding how cultural
differences and accessibility needs
influence user acceptance and experience
is crucial. Future research should explore
the impact of cultural factors on XR
adoption and develop evaluation methods
that are inclusive of users with diverse
abilities and backgrounds.
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prominent. Future evaluation frameworks
should incorporate ethical guidelines that
ensure user data is handled responsibly
and that XR systems are designed to
protect user privacy.

Evaluation of Hybrid XR Systems - the
emergence of hybrid XR systems, which
combine elements of augmented, virtual,
and mixed reality, presents new challenges
for evaluation. Research should focus on
developing methods to assess the unique
user experiences and technical challenges
posed by these hybrid environments,
ensuringthat they meetthe high standards
expected by users.

+ Ethical Considerations and User Privacy - Ultimately, the successful integration and
with the increasing use of XR technologies, adoptionofXRtechnologiesdependona holistic
particularly in sensitive areas such approach to evaluation that combines practical
as healthcare and education, ethical insights with theoretical understanding,
considerations around user privacy ensuring that these technologies meet user
and data security are becoming more needs and achieve their intended impact.

REFERENCE LIST

B Ajzen, I. (1991) The theory of planned behavior. Organizational behavior and human decision processes. 50(2),
179-211.

Billinghurst, M., Kato, H., & Poupyrev, I. (2001) The magicbook-moving seamlessly between reality and virtuality. IEEE
Computer Graphics and applications. 21(3), pp. 6-8.

Bowman, D. A., Gabbard, J. L., & Hix, D. (2002) A survey of usability evaluation in virtual environments: classification
and comparison of methods. Presence: Teleoperators & Virtual Environments. 11(4), pp. 404-424.

Brooke, J. (1996) SUS: A “quick and dirty” usability scale. In P. W. Jordan, B. Thomas, B. A. Weerdmeester, & I. L.
McClelland (Eds.), Usability Evaluation in Industry, London: Taylor & Francis. pp. 189-194.

Cheng, K. H., & Tsai, C. C. (2019) A case study of immersive virtual field trips in an elementary classroom: Students’
learning experience and teacher-student interaction behaviors. Computers & Education. 140, 103600

Csikszentmihalyi, M. (1990) Flow: The Psychology of Optimal Experience. New York: Harper & Row.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS
Quarterly. 13(3), 319-340.

Freina, L., & Ott, M. (2015, April). A literature review on immersive virtual reality in education: state of the art and
perspectives. The international scientific conference elearning and software for education. 1 (133), pp.
10-1007.

Goodhue, D. L., & Thompson, R. L. (1995) Task-technology fit and individual performance. MIS Quarterly. 19(2), 213-
236.

Hamari, J., Malik, A., Koski, J., & Johri, A. (2019) Uses and gratifications of pokémon go: Why do people play mobile
location-based augmented reality games?. International Journal of Human-Computer Interaction. 35(9),
804-819.

Hamari, )., Shernoff, D. )., Rowe, E., Coller, B., Asbell-Clarke, J., & Edwards, T. (2016) Challenging games help students
learn: An empirical study on engagement, flow and immersion in game-based learning. Computers in
human behavior. 54, 170-179.

ROCYS 2024 / rocys.ici.ro



Romanian Cyber Security Journal / Vol. 6, No. 2, Fall 2024

Hartson, R., & Pyla, P. S. (2018) The UX book: Agile UX design for a quality user experience. Morgan Kaufmann.

Huang, H. M., Liaw, S. S., & Lai, C. M. (2016) Exploring learner acceptance of the use of virtual reality in medical
education: a case study of desktop and projection-based display systems. Interactive Learning
Environments. 24(1), 3-19.

Jung, T, Bae, S., Moorhouse, N., & Kwon, 0. (2024) The effects of Experience-Technology Fit (ETF) on consumption
behavior: Extended Reality (XR) visitor experience. Information Technology & People. 37(5), 2006-2034.

Laugwitz, B., Held, T., & Schrepp, M. (2008) Construction and evaluation of a user experience questionnaire. HCI and
Usability for Education and Work. Springer, Berlin, Heidelberg. pp. 63-76 .

Montano, D. E., & Kasprzyk, D. (2015) Theory of reasoned action, theory of planned behavior, and the integrated
behavioral model. Health behavior: Theory, research and practice. 70(4), 231.

Miiller, F.,, Schmitz, M., Schmitt, D., Giinther, S., Funk, M., & Miihlhauser, M. (2020, April) Walk the line: Leveraging
lateral shifts of the walking path as an input modality for head-mounted displays. Proceedings of the
2020 CHI Conference on Human Factors in Computing Systems, pp. 1-15.

Ratmono, D., Sari, R. C., Warsono, S., Ubaidillah, M., & Wibowo, L. M. (2024) Virtual reality and perceived learning
effectiveness in accounting studies: the mediating role of task-technology fit. Cogent Business &
Management. 11(1), 2316890.

Rauschnabel, P. A, & Ro, Y. K. (2016) Augmented reality smart glasses: An investigation of technology acceptance
drivers. International Journal of Technology Marketing. 11(2), 123-148.

Schrepp, M., Thomaschewski, J., & Hinderks, A. (2017) Construction of a benchmark for the user experience
questionnaire (UEQ).

Sutcliffe, A., & Gault, B. (2004) Heuristic evaluation of virtual reality applications. Interacting with computers. 16(4),
831-849.

Teo, T. (2011) Technology acceptance research in education. Technology acceptance in education - Brill, pp. 1-5.

Venkatesh, V., & Bala, H. (2008) Technology acceptance model 3 and a research agenda on interventions. Decision
sciences. 39(2), 273-315.

Verhagen, T., Vonkeman, C., Feldberg, F., & Verhagen, P. (2014) Present it like it is here: Creating local presence to
improve online product experiences. Computers in human behavior. 39, 270-280.

ROCYS 2024 / Fall Edition




©0RIe)

This is an open access article distributed under the terms and conditions of the
Creative Commons Attribution-NonCommercial 4.0 International License.


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

