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Abstract: The advent of immersive technologies, such as virtual reality (VR), augmented reality (AR),
and mixed reality (MR), is transforming higher education by providing innovative and interactive
learning experiences. This article addresses the imperative of integrating these technologies into
higher education systems. The study explores the intersection of immersive technologies and
pedagogical strategies, aiming to enhance the European Qualification Framework (EQF) by updating
learning outcomes to reflect the competence required in the digital age. Through a comprehensive
literature review, case studies, and expert consultations, we propose a set of educational design
guidelines tailored for higher education institutions. These guidelines align immersive technology
applications with EQF levels and descriptors, focusing on undergraduate and postgraduate education.
Our findings highlight the potential of immersive learning to foster critical thinking, creativity, and
practical skills, while also addressing challenges such as accessibility and faculty training. By
providing actionable insights and recommendations, this paper contributes to the development of
a robust framework for incorporating immersive technologies in higher education, ensuring that
students are equipped with the necessary skills and knowledge to thrive in a rapidly evolving
digital world.

Keywords: instructional design; higher education; immersive technologies; European qualification
framework; EQF; learning outcomes; level 6; level 7; level 8

1. Introduction

The rapid evolution of digital technologies has introduced a new era of educational
practices, where traditional teaching methodologies are increasingly being complemented
or even replaced by innovative approaches. Among the most promising advancements
in this domain are immersive technologies, specifically digital realities [1], such as virtual
reality (VR), augmented reality (AR), and mixed reality (MR). These technologies have
the potential to revolutionize higher education by offering interactive, engaging, and
experiential learning opportunities that extend beyond the capabilities of conventional
instructional methods [2].

Immersive technologies in education are not merely supplementary tools; they are
reshaping the landscape of learning itself. Under the umbrella of extended reality (XR),
which encompasses virtual reality (VR), augmented reality (AR), and mixed reality (MR),
these technologies offer transformative educational experiences. VR, for instance, enables
students to immerse themselves in simulated environments, allowing for experiential learn-
ing that enhances understanding and retention of complex concepts [3]. AR, on the other
hand, overlays digital information onto the real world, creating a blended environment
where theoretical knowledge can be directly applied to practical scenarios, bridging the

Trends High. Educ. 2024, 3, 1091-1108. https://doi.org/10.3390/higheredu3040064

https://www.mdpi.com/journal /higheredu


https://doi.org/10.3390/higheredu3040064
https://doi.org/10.3390/higheredu3040064
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/higheredu
https://www.mdpi.com
https://orcid.org/0000-0002-3051-2555
https://orcid.org/0000-0001-6842-9901
https://orcid.org/0000-0002-1567-2649
https://doi.org/10.3390/higheredu3040064
https://www.mdpi.com/journal/higheredu
https://www.mdpi.com/article/10.3390/higheredu3040064?type=check_update&version=1

Trends High. Educ. 2024, 3

1092

gap between classroom learning and real-world application [4]. MR combines elements of
both VR and AR, allowing virtual and real-world objects to interact in real-time, further
enriching the learning experience by providing a seamless integration of digital and physi-
cal environments [5]. Together, these XR technologies are revolutionizing how students
engage with content, offering new avenues for creativity, critical thinking, and practical
skill development.

The integration of immersive technologies into higher education is particularly sig-
nificant in the context of the European Qualification Framework (EQF). The EQF aims
to standardize qualifications across Europe by defining learning outcomes in terms of
knowledge, skills, and competence [6]. As the digital economy continues to expand, there
is an urgent need to update these learning outcomes to reflect the competence required in
a technology-driven world. Immersive technologies offer a unique opportunity to align
educational practices with the demands of the digital age, ensuring that students are not
only knowledgeable but also adept at using modern tools and techniques [7].

However, the adoption of immersive technologies in higher education is not without
its challenges. Issues such as accessibility, cost, and the need for faculty training present sig-
nificant barriers to widespread implementation [1,8]. For example, the cost of VR hardware
such as headsets and other equipment can be prohibitive for many institutions, especially
those in developing countries [2]. Moreover, accessibility remains a concern as immersive
content often lacks support for individuals with disabilities. Faculty training also poses
a challenge, as many educators need specialized training to effectively integrate these
technologies into their teaching practices [2]. Additionally, there is a lack of comprehensive
guidelines that align the use of immersive technologies with existing educational frame-
works, such as the EQF. Currently, there are no standardized guidelines that specify how
immersive technologies should be integrated with EQF learning outcomes. For instance,
best practices for determining which immersive experiences are most suitable for each
EQF level are lacking, as are protocols for evaluating their effectiveness within different
educational contexts. Developing such guidelines could help institutions better utilize
these technologies and align them with standardized learning outcomes. This gap in the
literature underscores the need for a strategic approach to integrating XR technologies into
higher education, one that is informed by pedagogical theory and tailored to the specific
needs of educational institutions.

This article aims to address these challenges by exploring the intersection of immersive
technologies and pedagogical strategies, with a focus on enhancing the EQF. Specifically, it
aims to propose updates to the EQF for levels 6-8, ensuring alignment with the competen-
cies required in the digital age. Through a comprehensive literature review for identifying
trends and gaps, case studies for practical insights, and expert consultations for aligning
recommendations with educational frameworks, we propose a set of educational design
guidelines tailored for higher education institutions. These guidelines are intended to
facilitate the effective integration of immersive technologies into undergraduate and post-
graduate education (levels 6-8 for higher education), ensuring that learning outcomes are
aligned with the competence required in the digital age. The recommendations proposed in
this study are primarily aligned with the Greek National Qualifications Framework (NQF),
reflecting its current descriptors and learning outcomes. However, the findings also hold
broader applicability to the EQF, particularly in their potential to inform updates to EQF
levels 6-8 descriptors across European higher educational systems.

To achieve these objectives, the study addresses the following research questions:

RQ1: How can immersive technologies redefine learning outcomes in higher education?
RQ2: What are the specific recommendations for integrating these technologies within
EQF levels in higher education?

By answering these questions, this article seeks to contribute to the development of a
robust framework for incorporating immersive technologies in higher education, ultimately
preparing students to thrive in a rapidly evolving digital world.
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2. Research Methodology

This study employs a structured and multi-faceted methodology designed to explore
the integration of immersive technologies into higher education and their alignment with
the European Qualifications Framework (EQF). By combining qualitative approaches and
analytical frameworks, the methodology ensures both theoretical rigor and practical rele-
vance. The study begins with a comprehensive review of the relevant literature to establish
a strong theoretical foundation and identify trends, gaps, and best practices in the applica-
tion of immersive technologies (VR, AR, MR) in higher education. Particular attention is
given to pedagogical strategies involving immersive technologies and instructional design
models applicable to EQF levels 6-8. A literature review enables a synthesis of diverse
perspectives, providing critical insights into the potential for immersive technologies to
enhance EQF learning outcomes. This foundational step informs the study’s theoretical
underpinnings and ensures relevance to current educational practices.

Following this, the methodology incorporates illustrative case studies to bridge theo-
retical concepts with practical applications. Each case study is analyzed for its contribution
to skills development, cognitive engagement, and competence-building within levels 6-8,
which correspond to higher education. Case studies provide practical evidence of immer-
sive technologies” effectiveness and contextual relevance, supporting the proposed updates
to EQF descriptors.

Structured consultations with subject matter experts provide critical feedback and
validation for the study’s proposals. Experts in instructional design, educational technology,
and higher education frameworks, including professionals familiar with the EQF and its
application, offered insights to aligning immersive technologies with EQF competency de-
scriptors and addressing implementation challenges such as cost, accessibility, and faculty
development. Including expert perspectives ensures that the study’s recommendations are
practical, scalable, and aligned with current educational priorities.

Finally, to ensure systematic analysis and alignment, the study employs the AD-
DIE (Analysis, Design, Development, Implementation, Evaluation) instructional design
model, which emphasizes iterative design and evaluation, ensuring that immersive learn-
ing experiences remain aligned with both pedagogical objectives and EQF standards. The
methodology concludes with a comparative analysis of current and proposed EQF descrip-
tors, highlighting the added value of integrating immersive technologies and providing
clear, actionable recommendations for updating EQF descriptors to reflect advancements
in educational technology.

3. The EQF, NQF, and Other Competence Frameworks

The European Qualification Framework (EQF) is a tool for comparing the qualifi-
cations levels of different countries within Europe [9]. It provides a common reference
framework that helps individuals and employers understand and compare qualifications
across different education and training systems in the EU. The EQF defines a qualification
as “the formal outcome of an assessment and validation process obtained when a competent body
determines that an individual has achieved learning outcomes to given standards” [9] (p. 7). As
the European education and training systems are diverse and reflect national traditions, the
EQF has been used as the basis to establish a clear and transparent relationship between the
different National Qualification Frameworks (NQFs) and the eight (8) EQF levels, following
a learning outcomes approach to provide common descriptions on the expected knowledge,
skills, and competence of an individual.

Referring to higher education, the EQF is compatible with the Qualifications Frame-
work for the European Higher Education Area, and its cycle descriptors as the first (un-
dergraduate studies, bachelor’s degree), second (graduate studies, master’s degree), and
third (doctoral studies, Ph.D. degree) cycles of the framework correspond to EQF levels
6,7, and 8, respectively. Based on the European Higher Education Area, many countries,
including Greece, have framed the description of the learning outcomes of each study
cycle, aiming to: (a) enhance the transparency of learning and higher education qualifi-



Trends High. Educ. 2024, 3

1094

cations awarded in the countries participating in the European Higher Education Area,
(b) achieve mutual understanding and trust at European and global levels, (c) facilitate the
international recognition of periods and qualifications of each country, and (d) facilitate
the international mobility of students and graduates for the purpose of continuing their
studies or working [10]. Table 1 presents the descriptions of levels 6-8 for higher education,
concerning the learning outcomes, specifically knowledge, skills, and competence. In sum-
mary, the descriptions for levels 6-8 highlight progressively more advanced requirements
for knowledge, skills, and competencies. Level 6 emphasizes advanced knowledge and
the ability to manage professional activities, Level 7 focuses on specialized knowledge
and strategic problem-solving skills, while Level 8 requires mastery of the most advanced
concepts and skills across disciplines.

Table 1. Description ! of NQF (Greece) learning outcomes for levels 6-8 responding to higher education.

Level Knowledge Skills

Competence

Has advanced knowledge of a field
of work or study, involving critical
understanding of theories
and principles.

Has highly specialized knowledge,
some of which is cutting- edge
knowledge in a field of work or
study and which is the basis for
original thinking; has a critical
awareness of knowledge issues in a
field and at the interface of
different fields.

Has knowledge at the most
advanced levels of a field of work or
study and at the interface with
other fields.

Possesses advanced skills and has the
ability to demonstrate the virtuosity
and innovation required to solve
complex and unpredictable problems
in a specialized field of work or study.

Holds specialized problem-solving
skills required in research and/or
innovation in order to develop new
knowledge and procedures and to
integrate knowledge from
different fields.

Has acquired very advanced and
specialized skills and techniques,
including synthesis and evaluation,
required to solve critical problems in
research and/or innovation for
enlarging and redefining existing
knowledge or existing
professional practice.

Can manage complex technical or
professional activities or projects, taking
responsibility for decision-making in
unpredictable work or study contexts;
can assume responsibility for managing
the professional development of
individuals and groups.

Can manage and transform work or
study contexts that are complex,
unpredictable and require new strategic
approaches; can take responsibility for
contributing to professional knowledge
and practices and/or for the performance
evaluation of strategy groups.

Demonstrate substantial authority,
innovation, autonomy, scholarly and
professional integrity and sustained

commitment to the development of new
ideas or processes at the forefront of work
or study contexts including research.

! The descriptions were retrieved from https:/ /proson.eoppep.gr/en/HQFLevels (accessed on 25 November 2024),
the current official Hellenic qualifications database.

Despite the comprehensive nature of the EQF in standardizing qualifications across
Europe, it is important to highlight that the framework and its corresponding national
implementations, such as Greece’s NQF, currently lack explicit integration of emerging
technologies, including virtual reality (VR), augmented reality (AR), and mixed reality
(MR). These technologies are increasingly recognized as powerful tools in education and
professional training, offering new ways to achieve and assess learning outcomes. How-
ever, the absence of references to these technologies within the EQF and NQF descriptors
suggests a gap in the framework’s alignment with modern, technologically enhanced
learning environments.

In response to this gap, individual initiatives are emerging that attempt to incorporate
immersive technologies into educational frameworks and taxonomies. One such example
is the application of Bloom’s taxonomy under the XR perspective, as demonstrated by
the Open University’s OU-MIRAGEXR app [11]. This app introduces evaluative tools for
educators that align immersive experiences with Bloom’s revised taxonomy, aiming to enhance
the assessment of cognitive skills in a more interactive and engaging manner. By leveraging
XR, this approach allows educators to evaluate higher-order thinking skills—such as analysis,
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synthesis, and creation—in a more immersive and practical context, which traditional
methods might struggle to assess effectively.

There is a long list of EU Digital Competence Frameworks for teachers, learners and cit-
izens designed to help these target groups assess and develop their digital competence [12].
These frameworks mainly outline the key skills and knowledge needed to use digital
technologies effectively, including areas like information management, communication,
content creation, safety, and problem-solving. The latest version of the Digital Framework
for Citizens (DigComp 2.2, 2022 [13]) is the fourth iteration, and provides new examples of
knowledge, skills, and attitudes that help citizens engage confidently, critically, and safely
with digital technologies, and new and emerging ones such as systems driven by artificial
intelligence (AI).

While these individual cases represent significant progress, they also highlight the
fragmented nature of efforts to integrate immersive technologies into broader qualification
frameworks like the EQF and NQFs. What is still missing is a cohesive, systematic ap-
proach that embeds these technologies into the core structure of qualifications and learning
outcomes across Europe. As immersive technologies continue to evolve, their potential to
transform educational practices and the competence required in the workforce underscores
the need for future revisions of the EQF to incorporate these advancements explicitly.
For the EQF and its national counterparts to remain relevant in the digital age, there is
a pressing need to update these frameworks to reflect the potential of XR technologies.
This would not only enhance the assessment and validation of learning outcomes, but also
ensure that learners are equipped with the necessary skills to thrive in increasingly digital
and immersive work environments in a rapidly changing technological landscape.

4. Educational Design with Immersive Technologies

The emergence of immersive technologies—virtual reality (VR), augmented reality
(AR), and mixed reality (MR)—as a part of extended reality (XR) in education, has neces-
sitated the adaptation of instructional design (ID) models to ensure effective integration
in learning environments. These technologies offer unparalleled potential for experiential
learning, enabling students to engage deeply with content. However, developing educa-
tional frameworks that harness the power of XR while aligning with pedagogical principles
remains a challenge.

Beyond the ID models, specific instructional strategies can enhance the effectiveness
of immersive technologies in education [1,7,8,14]:

e  Experiential Learning: Immersive technologies provide rich environments for expe-
riential learning, where learners engage with content through direct experience. For
instance, in VR, students can perform virtual experiments, simulate real-world tasks,
or explore historical sites, offering a practical application of theoretical knowledge.

e  Problem-Based Learning (PBL): PBL is another strategy that aligns well with immersive
technologies, particularly MR and AR. In a PBL setting, students could be given
real-world problems to solve, with immersive technologies enabling simulations
or augmented environments that provide additional context and tools to support
problem-solving. For example, AR can overlay digital data onto physical spaces,
enabling learners to access real-time information while working on projects.

e  Gamification and Game-Based Learning: Gamification and game-based learning can
be seamlessly integrated into immersive environments, providing learners with instant
feedback, challenges, and rewards. VR- and AR-based games can make learning more
engaging by incorporating competitive elements, narratives, and scenarios where
learners must apply their knowledge and skills to progress. For instance, a VR history
game can place students in ancient civilizations, where they must navigate social,
political, and economic challenges.

e Collaborative Learning: Immersive technologies support collaborative learning by
creating shared virtual spaces where learners can interact in real-time. MR environ-
ments, for example, allow students to manipulate virtual objects together or engage in
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group problem-solving tasks, even if they are in different physical locations. These
collaborative immersive experiences help develop teamwork, communication, and
critical thinking skills.

e  Micro-learning: Immersive technologies could utilize micro-learning as an educational
strategy organized at the micro-level, with limited learning objectives and short
activities, based on the idea of easy spatial and temporal access to educational content
by the learners. Especially in HEI's disciplines like Informatics, Engineering, and
Health Studies [15], and VET disciplines such as Electronics, Mechanical Engineering,
and Automotive Technology [8], “smart” micro-content could incorporate the use of
virtual and augmented reality, as well as Internet of Things (IoT).

One of the core challenges in ID with XR technologies is ensuring that the experiences
align with learning outcomes, especially in the context of frameworks like the EQF. Immer-
sive technologies have the potential to address various EQF levels via the following [1,2,8]:

e  Enhancing cognitive skills: Immersive environments allow learners to engage in
higher-order thinking tasks, such as analysis, synthesis, and evaluation, which are
essential for the higher EQF levels.

e  Developing practical skills: Immersive simulations can provide hands-on practice in
areas such as engineering, healthcare, and the arts, supporting the development of
practical skills required at various EQF levels, including levels 6-8 in higher education.

e  Promoting soft skills: By placing learners in novel and complex scenarios, immersive
technologies encourage communication, collaboration, creativity, and problem-solving,
soft skills that are critical for success in the digital age.

Instructional strategies” application and alignment with learning outcomes have been
foundational in traditional instructional design models like ADDIE (Analysis, Design,
Development, Implementation, and Evaluation) and SAM (Successive Approximation
Model) in education for years. However, integrating immersive technologies requires their
adaptation to fully harness the capabilities of VR, AR, and MR.

4.1. Educational Design Models and Frameworks Supported with XR Technologies

Since learning and teaching should not be treated separately as they are closely inter-
connected in education, and the literature refers both to teaching objectives and learning
goals leading to learning outcomes [14], in the context of this research we refer both to
teaching (instructional) and learning models under the umbrella of educational models.
Through a comprehensive literature review including research publications and EU projects
reports focusing on educational design with immersive technologies, the following models
have been distinguished.

4.1.1. ADDIE, SAM, and SAMR Models

ADDIE (Analysis, Design, Development, Implementation, Evaluation) is a widely
used instructional design model that has been adapted early for use with immersive
technologies [16,17]. It provides a structured, step-by-step process for educators and/or
instructional designers, including the following: (a) Analysis: involves identifying the
learning needs and determining the best type of XR technology to use (e.g., VR for highly
immersive simulations, AR for enhancing real-world interaction, or MR for combining
both); (b) Design: the learning objectives are created and the structure of the immersive ex-
perience is outlined—with XR, this could include designing virtual environments, crafting
interaction strategies, and ensuring that the experience aligns with the learning objectives;
(c) Development: the actual XR content is created, which includes developing virtual
environments, programming interactions, ensuring that the software is functional and user-
friendly, etc.; (d) Implementation: involves deploying the immersive environment in the
educational setting, e.g., VR headsets and applications might be used in classrooms, or AR
experiences might be implemented on mobile devices; and (e) Evaluation: after implemen-
tation, the effectiveness of the immersive learning environment is assessed, which includes
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both formative evaluations (ongoing feedback during use) and summative evaluations
(assessing learning outcomes after the experience).

The Successive Approximation Model (SAM) is another agile model used in instruc-
tional design that emphasizes rapid prototyping and iterative feedback [18,19], making it
particularly suited for XR environments. SAM involves short cycles of design, development,
and testing, allowing designers to quickly adapt XR content based on user feedback. In
immersive environments, SAM is valuable because it allows for real-time modifications of
VR or AR applications, ensuring that the final product is refined through ongoing iterations.

The Substitution, Augmentation, Modification, Redefinition (SAMR) model starts by
using technology to directly replace an existing tool (Substitution) without any functional
change [20]. Next, technology is applied as a substitute, but with functional improvements
(Augmentation), which involves adapting current instructional strategies through new,
emerging technologies. Following this, technology allows for significant changes in task
design (Modification). Finally, it enables the creation of entirely new tasks that were
previously impossible (Redefinition). The SAMR model is valuable for guiding educators
in enhancing and transforming instructional practices by leveraging technology [21].

4.1.2. Re-Contextualized TPACK Framework

The TPACK (Technological Pedagogical Content Knowledge) framework, when re-
contextualized for immersive technologies like VR, AR, and MR, provides a structured
approach to integrating technology into instructional design by balancing three core ele-
ments: content knowledge (CK), pedagogical knowledge (PK), and technological knowl-
edge (TK) [22]. In the context of immersive technologies, this model can be adapted to
create more dynamic learning environments, ensuring that technology is meaningfully
integrated to support pedagogical goals and subject content. By re-contextualizing the
TPACK model [23] for immersive technologies, technological tools like AR and VR could
be used to support, rather than overshadow, educational objectives [24]. The balance
of pedagogy, technology, and content enables a more seamless integration of immersive
experiences into curricula, providing students with new ways to engage with material that
also reflects the competencies required in a digital age [24].

4.1.3. XR ABC Framework

The XR ABC (Absorb, Blend, Create) framework, introduced by Shippee and Lubin-
sky [25], emphasizes how XR technologies can transform learning experiences from passive
information absorption to active creation, ensuring that learners can apply and expand
their knowledge in immersive environments. The framework is structured around three
phases: (1) Absorb—This phase focuses on learners consuming or absorbing information.
It involves using XR technologies to present content in an immersive and engaging way,
making it easier for learners to understand complex ideas and concepts. (2) Blend—In this
phase, learners begin to blend or apply the knowledge they have absorbed by engaging
in interactive tasks that integrate both real-world and virtual experiences. This blending
can include simulations, practical applications, and collaborative exercises within XR envi-
ronments. (3) Create—The final phase encourages learners to actively create something
new using the knowledge and skills they’ve gained. This phase leverages XR technology to
enable learners to build, design, or innovate in ways that may not be possible in traditional
learning environments.

4.1.4. iVR Learning (M-iVR-L) Framework (Especially for VR Environments)

The iVR Learning (M-iVR-L) framework by Mulders et al. [26] is particularly suited for
VR skill-based education, such as vocational training, where task simulations play a critical
role. In this model VR is used to simulate highly technical tasks, providing students with
hands-on experience in a risk-free environment. Continuous, in-environment feedback
helps students refine their skills as they practice, while learners can progress at their own
pace, mastering complex tasks with multiple attempts, which is critical in practical fields
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like mechanical engineering [26]. The M-iVR-L puts learning first and immersion second,
prioritizing the learning process and applying immersion only as much as necessary for the
learning objectives” achievement, avoiding unnecessary interactions in the VR environment.
Complex educational tasks are simplified to smaller ones, while guidance during the use
of the VR environment is strongly recommended. The calibration of the utilization of IVR
throughout various stages of the educational continuum through this framework aims
to maximize learning efficacy and enrich the immersive educational experience, thereby
advancing the overall quality of the learning process [27].

4.1.5. TESLA Instructional Design Model (Especially for VR Environments but Could Be
Extended to XR)

This model synthesizes elements from two instructional design frameworks—ASSURE
and TPACK—and incorporates Kirkpatrick’s evaluation model (identify the objects of
project evaluation: reactions, learning, behavior, and overall project results) to provide a
comprehensive approach to training design [27]. Within TESLA, the ASSURE model serves
as the foundational design structure, with six sequential stages: Analyze; State standards;
Select strategies, technology, and resources; Utilize technology and resources; Require
learner participation; and Evaluate and revise. TPACK was integrated in the fourth step
of ASSURE to ensure a critical conception of the technology by always foreseeing a close
interaction between content, pedagogical, and technological knowledge. Developed by
Fragkaki et al. [28], the TESLA model highlights task-based scenarios, where real-world
tasks are simulated in VR, promoting critical thinking and problem-solving, and in-scenario
assessment tools provide real-time performance feedback. The TESLA model ensures that
skills learned in the virtual space transfer to real-world applications, aligning immersive
experience with practical needs in education [28]. The integration of diverse instructional
strategies within the TESLA model aims to provide a holistic framework that not only
facilitates the acquisition of technical skills, but also fosters the development of robust
pedagogical foundations [27].

4.1.6. Castronovo et al. Design Model (Especially for VR Environments but Could Be
Extended to AR and XR)

The design model of Castronovo et al. [29] is based on the ADDIE instructional design
model and focuses on using VR with university students in architectural and construction
education. In this approach, students manipulate 3D models and engage in activities that
simulate real-world construction tasks, encouraging experiential learning, while the VR
environment provides immediate, actionable feedback on design choices and construction
strategies, allowing students to refine their skills within the virtual environment.

4.1.7. Instructional Design Model for Immersive Virtual Reality Learning Environments

The instructional model developed by Tacgic and Dalgarno [30] aims to establish
an immersive virtual reality learning environment (IVRLE) tailored for training in health
education. The researchers present both a systematic design and the development process to
elucidate the interrelationships among theory, design, and implementation, while weaving
together the principles of learning and teaching towards effectively simulating realistic
scenarios that foster deeper learning and engagement [27].

4.1.8. Revealing Project VR-Powered Learning Environments

The Revealing Project [31,32] offers practical, hands-on approaches to integrating VR
into classroom settings. The manual aims to enhance the digital skills of both VR-literate
and non-literate instructors in higher education, enabling them to seamlessly transition
their teaching practices into VRLEs. By offering concrete guidelines and practical examples,
this manual helps educators create high-quality learning experiences that leverage the
unique affordances of virtual reality. One of the key objectives of this manual is to fill a
significant gap in the availability of comprehensive, practical information on VRLEs for
HEI instructors.



Trends High. Educ. 2024, 3

1099

4.1.9. CAMIL Immersive Learning Model

The Cognitive Affective Model of Immersive Learning (CAMIL) focuses on how
immersive environments impact learning through both cognitive and emotional engage-
ment [33]. This model emphasizes that immersive learning experiences (such as VR and
AR) have the potential to trigger emotional responses, which in turn influence cognitive
processes like memory retention, critical thinking, and problem-solving. In immersive
settings, learners are not merely passive recipients but are actively engaged, which helps to
solidify their understanding of complex concepts. By leveraging emotional engagement,
CAMIL integrates the affective domain of learning (emotions, attitudes, motivation) with
cognitive skills to enhance learning outcomes.

4.1.10. TICOL Immersive Learning Model

The Theory of Immersive Collaborative Learning (TICOL) is centered around the use
of immersive technologies to foster collaborative learning environments [34]. In virtual
settings, learners can engage in team-based problem-solving, project-based activities, and
simulations that enhance their ability to work in teams—skills that are highly valued in
both academic and professional contexts. TICOL emphasizes the role of social interaction
within immersive environments and highlights how collaboration in these virtual spaces
promotes active learning, peer engagement, and knowledge sharing.

4.2. Discussion on the Educational Design Models and Frameworks Supported with
XR Technologies

The instructional design models ADDIE, SAM, and SAMR, and the re-contextualized
TPACK model, are largely focused on supporting educators and instructional designers
in structuring effective teaching strategies using immersive technologies. These models
provide frameworks for aligning educational goals, content, and pedagogical approaches,
considering how technology, in our case XR technology, is integrated to enhance learning
processes. ADDIE and SAM offer iterative design methodologies for instructional content,
while SAMR helps educators assess the depth of technology integration. The TPACK model,
especially in its re-contextualized form, emphasizes the interplay between technological,
pedagogical, and content knowledge, helping teachers make informed decisions when
implementing digital realities in education.

In contrast, student-centered frameworks such as XR ABC, iVR Learning, and TESLA
focus on the learner experience in immersive environments [35]. These models emphasize
how learners absorb, blend, and create knowledge in XR environments (as in XR ABC),
how VR can enhance skill acquisition (iVR Learning), and the importance of providing
immersive environments tailored to specific educational contexts (TESLA).

Building on these, additional models bring further dimensions to the design of immer-
sive learning:

e  The model of Castronovo et al. emphasizes using VR for architectural and construction
education, providing a tailored approach for industry-specific skills.

e  The instructional design model by Tacgin and Dalgarno introduces a comprehensive
framework for creating immersive virtual reality learning environments, with an
emphasis on cognitive and emotional engagement.

o  The Revealing Project’s VR-powered instructional design manual provides practical
guidelines for higher education, focusing on integrating VR into structured, pedagogi-
cally sound lessons.

Finally, both CAMIL and TICOL highlight the importance of affective and collaborative
dimensions in learning. CAMIL focuses on how VR can trigger emotional engagement to
support cognitive processes, while TICOL explores how immersive environments foster
team-based learning and enhance collaboration.

The analysis of instructional design models and their application to immersive virtual
reality (IVR) highlights critical challenges in aligning conventional pedagogical frameworks
with the unique affordances of immersive technologies. As Radianti et al. [2] pointed out,
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a significant gap exists in the adoption of explicit learning theories when designing VR
content for higher education. Most applications are grounded in experiential learning
but rarely integrate comprehensive theories that address the cognitive, affective, and
psychomotor domains holistically. For example, while VR applications are widely used
to teach procedural knowledge, problem-solving skills, and declarative knowledge, the
broader potential of VR—particularly in fostering affective skills—remains underexplored.

Hamilton’s review further underscores the need for more rigorous evaluation of VR-
based learning outcomes. While immersive VR has shown promise in enhancing cognitive
and procedural skills, the transition from virtual to real-world application is inconsistent.
Only a few studies included a transfer task, and while the initial results were positive,
further research is necessary to confirm whether these skills transfer effectively outside of
the virtual environment.

Additionally, as highlighted through this comprehensive literature review, while VR
has gained significant attention in educational contexts, it is crucial to expand educational
models and frameworks to include other XR technologies, such as AR and MR. AR, which
overlays digital information on the physical world, and MR, which blends real and vir-
tual environments, offer distinct advantages in enhancing real-world learning through
interactive, context-aware experiences, providing solutions to challenges faced in a VR
environment. For example, MR can allow learners to manipulate virtual objects within their
physical space, bridging the gap between theoretical learning and practical application.

Moreover, the integration of XR technologies with artificial intelligence (AI) can am-
plify their educational impact. Al-powered adaptive learning systems, combined with AR
and MR, can personalize educational experiences, offering real-time feedback, and adjust-
ing the level of difficulty based on individual learner progress. By creating an ecosystem
where immersive technologies and Al work in synergy, we can foster more personalized,
engaging, and effective learning experiences. Educational frameworks must evolve to
accommodate these advancements, ensuring that they are designed to leverage the unique
affordances of each technology for maximum impact.

5. Educational Design and the European Qualification Framework (EQF)

Combining instructional design models such as ADDIE, SAM, SAMR, re-contextualized
TPACK, XR ABC, iVR Learning, and TESLA with the European Qualification Framework
(EQF), specifically levels 6-8 in higher education, can help create a holistic, competency-
driven framework for immersive education. The EQF levels guide the development of
qualifications in terms of what learners should know, understand, and be able to do at
each stage in higher education. Immersive technologies, paired with instructional design
frameworks, can align educational practices with the EQF’s focus on competencies:

e ADDIE and SAM offer a structured design process for integrating immersive tech-
nologies at various EQF levels. These models guide how educators design curriculum
and learning experiences to meet specific learning outcomes (as described by EQF)
and ensure that immersive learning activities foster the development of appropriate
competencies.

e  The SAMR model helps educators think about how immersive technology can pro-
gressively transform learning activities, moving from Substitution and Augmentation
(lower EQF levels where basic knowledge and skills are acquired) to Modification and
Redefinition (higher EQF levels, including 6-8 in higher education, where learners are
required to innovate, create, and demonstrate critical thinking).

e TPACK ensures that immersive technologies are used effectively by focusing on the
intersection of technology, pedagogy, and content. This ensures that VR/AR/MR
experiences are not just novel but are also well-aligned with EQF’s requirement that
learning outcomes be meaningful and reflect real-world competencies.
Student-centered models such as XR ABC, iVR Learning, and TESLA place more

emphasis on how students engage with immersive learning. The XR ABC framework’s
phases—Absorb, Blend, and Create—correlate with the development of knowledge and
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skills across EQF levels. For instance, at lower EQF levels, learners absorb fundamental
knowledge, progressing to blending skills at mid-levels, and finally to creating new knowl-
edge or products at the highest levels, including 6-8. iVR Learning focuses on vocational
training, allowing for skills acquisition in practical, immersive settings, which aligns par-
ticularly well with the EQF’s focus on skill development. This is particularly relevant for
learners at EQF levels 4-6, where applied skills and problem-solving in real-world contexts
are critical. The TESLA model promotes adaptive learning environments, where students
can move through personalized learning pathways in immersive environments. This adapt-
ability is particularly useful for EQF levels where competencies must reflect specific sectoral
needs and allow learners to self-direct and manage complex tasks, including levels 6-8.

Finally, learning models such as CAMIL and TICOL provide insights into how immer-
sive technologies can personalize and enhance learning experiences, ensuring that students
develop emotional, social, and cognitive skills that meet EQF competency standards at
different levels. CAMIL highlights how immersive environments can foster emotional
engagement, a key aspect of competencies such as critical thinking and problem-solving,
while TICOL emphasizes collaborative learning through immersive platforms, linking well
with EQF descriptors for team-based skills and innovative task management.

Combining these instructional design approaches and learning models with the EQF
framework creates a cohesive strategy that ensures immersive learning technologies are
pedagogically sound, target specific learning outcomes, and support the development of
competencies relevant to the digital age. Such approaches would allow for the design of
immersive educational experiences that foster digital-age competencies while ensuring a
structured, scalable approach to meeting qualifications and preparing learners for future
job markets.

6. Instructional Design Frameworks for XR Technologies Under EQF

The ADDIE model offers sequential structure and clarity, which allows for an orga-
nized flow when applying newer models like XR ABC or TESLA. Under the European
Qualifications Framework (EQF), which emphasizes clear learning outcomes aligned with
professional competencies, a structured model like ADDIE helps ensure that learning is
goal-oriented and measurable. For this reason, we decided to use ADDIE as a fundamental
instructional design framework to present how the different instructional design models
and frameworks discussed in the previous sessions fit within the ADDIE model to design
XR-supported educational scenarios under the European Qualifications Framework (EQF).
Table 2 describes instructional design frameworks for XR technologies under EQF for each
ADDIE phase.

Table 2. Instructional design frameworks for XR technologies under EQF.

ADDIE Phase

Analysis (Defining Learning
Outcomes and Needs)

ID Frameworks and Models EQF Integration
ADDIE: Begin by identifying specific learning outcomes
tailored to XR, such as hands-on skill acquisition or - Explicitly align learning ob-
problem-solving in immersive scenarios. Use surveys, focus jectives with EQF descriptors
groups, and task analysis to understand learner profiles and for knowledge, skills, and
institutional constraints. autonomy.

SAM: Perform a rapid assessment of technological readiness - Define how immersive experi-
and pedagogical objectives to align with learner needs. ences (e.g., VR labs, AR simu-
SAMR: Map current instructional tasks to XR technology lations) support competencies
possibilities (e.g., redefining a lab experiment in VR). for EQF levels 6-8, such as
Re-contextualized TPACK: Assess whether AR or VR critical thinking and advanced

enhances the content, considering cognitive, practical, or technical skills.

emotional demands of the subject. For instance, AR might
overlay real-world surgical anatomy for healthcare students.
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Table 2. Cont.

ADDIE Phase ID Frameworks and Models EQF Integration
ADDIE: Create immersive scenarios that closely replicate
real-world challenges (e.g., an AR-enhanced construction
site for engineering students). Use narrative elements to
make experiences engaging and meaningful.
SAM: Rapidly prototype VR or AR lessons with stakeholder . gpgure that learning designs
feedback to ensure usability and alignment with correspond to EQF require-
learni.ng goals. ments for levels 6-8, such
Design (Planning the XR ABC: Structure learning in three phases: Absorb as addressing domain-specific

Instructional Experience)

foundational concepts (e.g., theory lessons in VR), Blend
through interactive tasks (e.g., simulations or
problem-solving), and create final projects using XR tools.
TESLA: Introduce team-based collaborative tasks using
shared immersive environments to enhance social learning
and teamwork.
CAMIL and TICOL: Include activities designed to foster
emotional engagement (e.g., empathy-building in
healthcare) and collaborative problem-solving.

knowledge, critical thinking,
and innovation.

- Ensure designs are measurable
and align with EQF descriptors.

Development (Building
Learning Materials)

ADDIE: Develop highly immersive VR environments or AR
overlays, ensuring accessibility features (e.g., subtitles or
adaptive interactions). Use branching scenarios to allow

learners to explore multiple pathways and outcomes.

SAM: Iterate content development with frequent testing for

interactivity, immersion, and learning efficacy.

SAMR: Push beyond substitution/augmentation by fully

modifying tasks or creating entirely new XR-enabled
activities (e.g., interactive archaeology simulations where

students excavate in VR).
Revealing Project VRLE: Incorporate hands-on design
elements based on real-world professional contexts

(e.g., a VR-based crime scene analysis for law students).

Materials should target specific
EQF-level outcomes, such as
practical skill-building (e.g.,
surgical VR simulators) and
cognitive skills (e.g., critical

decision-making tasks in
AR-enhanced case studies).

Implementation (Delivering
the Experience)

ADDIE: Roll out XR technologies with adequate instructor
training to ensure smooth adoption. Develop clear
instructions for students on using XR tools effectively.
XR ABC: Start with individual tasks (e.g., VR tutorials),
progress to blended experiences (e.g., AR group projects),
and culminate in learner-generated outputs (e.g., designing
a VR-based marketing campaign).

TESLA and CAMIL: Encourage collaboration and emotional
engagement through group challenges and real-time
feedback mechanisms.

SAMR: Use AR/ VR to transform traditional lectures into
immersive explorations (e.g., virtual ecosystems for
environmental science courses)

Activities should explicitly tie back
to EQF’s focus on developing
advanced skills and autonomy, such
as managing complex projects or
innovating in unpredictable
work contexts.

Evaluation (Assessing the
Learning Outcomes)

ADDIE: Use a mix of formative and summative assessments
tailored to immersive learning, such as performance
analytics in VR environments or peer reviews in
collaborative AR tasks.

CAMIL and TICOL: Incorporate tools to evaluate both
cognitive outcomes (e.g., critical thinking, problem-solving)
and affective outcomes (e.g., empathy, collaboration).
Revealing Project VRLE: Leverage engagement metrics,
such as time-on-task or task completion rates, to evaluate
usability and learning retention. Use XR-specific methods
like heatmaps to track user focus and interaction patterns.

Ensure that evaluations
demonstrate alignment with EQF
descriptors for each level, such as

assessing mastery of advanced
knowledge (Level 7) or leadership
in innovative problem-solving
(Level 8).

The combination of these models with the EQF provides a holistic and structured
way to design immersive educational experiences. By using ADDIE as a basis, we have
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aligned various educational models and frameworks with the phases of instructional
design, ensuring that the learning outcomes are clear, measurable, and relevant to the
competency levels defined by the EQF. Each phase of the ADDIE model is enriched by
other frameworks like SAM for iterative design, SAMR for tech integration, and XR ABC
for student-centered activities, and models like CAMIL and TICOL for ensuring emotional
and collaborative learning in XR environments.

7. Updating Learning Outcomes of the European Qualification Framework Under the
Perspective of Immersive Technologies

In this unit we integrate immersive technologies at each level of EQF. By doing so, the
learning outcomes can be significantly enhanced to reflect the competencies required in the
digital age. Incorporating VR, AR, and MR into educational and professional practices not
only prepares students to meet the demands of the evolving job market, but also aligns the
qualifications with cutting-edge developments in technology. The incorporation of immer-
sive learning adds a dynamic and interactive dimension to knowledge acquisition, skills
development, and competence-building, making learning more effective and engaging,
and ensuring alignment with the European Qualifications Framework (EQF). Knowledge
of XR technologies refers to understanding their principles, capabilities, and potential appli-
cations, such as recognizing how AR can visualize structural designs in construction. Skills
encompass both the ability to operate XR tools (e.g., using VR for surgical training) and the
technical expertise to create XR applications tailored to specific needs, such as designing
VR simulations for hazardous scenarios in manufacturing. Finally, XR technologies serve
as educational tools, bridging theory and practice to foster professional development, such
as using VR to simulate patient care in healthcare or AR for hands-on machinery training
in engineering. By differentiating these competencies, educators and trainers can better
target learning objectives, ensuring that XR technologies enhance knowledge acquisition,
practical application, and professional skill development effectively.

Tables 3-5 display the suggested revised versions of the original descriptions for levels
6, 7, and 8 of the NQF (Greece) learning outcomes for higher education, as outlined in
Table 1. While the recommendations in this study directly align with the descriptors and
structure of the Greek NQF, they provide a transferable framework that can inform similar
updates within the EQF. This alignment underscores the potential for national frameworks
like the NQF to serve as a model for broader European-level reforms.

Table 3. Description of initial and suggested revised versions of the NQF (Greece) learning outcomes
for level 6 responding to higher education.

Level Type Current Description Suggested Revised Description
Has advanced knowledge of a field of work or
study, involving critical understanding of
Has advanced knowledge of a field of theories and principles.
6 Knowledge work or study, involving critical Has advanced knowledge of immersive technologies
understanding of theories and principles.  and their applications, with a critical understanding
of how these technologies can enhance his/her field of
work or study.
Possesses advanced skills and has the ability to
Possesses advanced skills and has the demonstrate the virtuosity and innovation
ability to demonstrate the virtuosity and required to solve complex and unpredictable
Skills innovation required to solve complex and  problems in a specialized field of work or study.

unpredictable problems in a specialized =~ Demonstrates advanced skills in designing and using
field of work or study. immersive technologies (such as VR/AR/MR) to solve
complex, unpredictable problems.
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Table 3. Cont.

Level Type Current Description Suggested Revised Description
Can manage complex technical or professional
Can manage complex technical or activities or projects, taking responsibility for
professional activities or projects, taking  decision-making in unpredictable work or study
responsibility for decision-making in contexts; can assume responsibility for managing
Competence unpredictable work or study contexts; the professional development of individuals
can assume responsibility for managing and groups.
the professional development of Manages complex XR-enhanced projects,
individuals and groups. incorporating immersive technologies into
professional or technical activities.
Table 4. Description of initial and suggested revised versions of the NQF (Greece) learning outcomes
for level 7 responding to higher education.
Level Type Current Description Suggested Revised Description
Has highly specialized knowledge, some of
which is cutting-edge knowledge in a field of
Has highly specialized knowledge, some wqu or study anc.1 Whlch is the basis for original
2 . . thinking; has a critical awareness of knowledge
of which is cutting- edge knowledge in a . . . .
. .G issues in a field and at the interface of
field of work or study and which is the - .
7 Knowledge ) . S " different fields.
basis for original thinking; has a critical . . .
: . . Holds cutting-edge knowledge of immersive
awareness of knowledge issues in a field . . S el ey
. . . technologies and their application in interdisciplinary
and at the interface of different fields. . o . .
fields, critically evaluating the potential of
VR/AR/MR to advance research, innovation, and
user experiences.
Holds specialized problem-solving skills
Holds specialized problem-solving skills  required in research and/or innovation in order
required in research and/or innovation  to develop new knowledge and procedures and
7 Skills in order to develop new knowledge and to integrate knowledge from different fields.
procedures and to integrate knowledge Uses immersive technologies to develop innovative
from different fields. solutions, integrating immersive experiences into
research and professional practice.
Can manage and transform work or study
Can manage and transform work or .
contexts that are complex, unpredictable, and
study contexts that are complex, . :
. . . require new strategic approaches; can take
unpredictable and require new strategic s S .
. s responsibility for contributing to professional
Competence approaches; can take responsibility for )
o ) knowledge and practices and/or for the
contributing to professional knowledge .
. performance evaluation of strategy groups.
and practices and/or for the performance
. Can manage and transform complex work or study
evaluation of strategy groups. . e ! )
environments using immersive technologies.
Table 5. Description of initial and suggested revised versions of the NQF (Greece) learning outcomes
for level 8 responding to higher education.
Level Type Current Description Suggested Revised Description
Has knowledge at the most advanced levels of a
Has knowledge at the most advanced field of work or st;li)é ;agzll 3’; the interface with
8 Knowledge levels of a field of work or study and at ;

the interface with other fields.

Holds the most advanced knowledge of immersive
technologies, applying them to redefine existing
knowledge and practices in interdisciplinary fields.
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Table 5. Cont.

Level

Type Current Description

Suggested Revised Description

Competence

Has acquired very advanced and
specialized skills and techniques,
including synthesis and evaluation,
Skills required to solve critical problems in
research and/or innovation for enlarging
and redefining existing knowledge or
existing professional practice.

Demonstrate substantial authority,
innovation, autonomy, scholarly and
professional integrity and sustained

commitment to the development of new
ideas or processes at the forefront of work
or study contexts including research.

Has acquired very advanced and specialized
skills and techniques, including synthesis and
evaluation, required to solve critical problems in
research and/or innovation for enlarging and
redefining existing knowledge or existing
professional practice.

Applies advanced skills in designing, evaluating, and
refining immersive environments (e.g., VR
simulations, AR tools) for critical research
and innovation.

Demonstrate substantial authority, innovation,
autonomy, scholarly and professional integrity,
and sustained commitment to the development
of new ideas or processes at the forefront of work
or study contexts including research.
Demonstrates authority and leadership in the
development and application of immersive

technologies for innovation and research.

8. Conclusions and Future Directions

Immersive learning technologies offer vast potential for enhancing educational out-
comes, particularly in terms of procedural and cognitive skill acquisition. However, to
realize the full scope of their benefits, instructional designers and educators must move be-
yond experiential models and integrate a broader range of learning theories and approaches.
This includes constructivism, affective learning, and collaborative learning frameworks,
which can help bridge the gap between virtual and real-world learning outcomes. By
aligning these advancements with the EQF, we can ensure that immersive technologies are
not only innovative but also impactful in preparing learners for the challenges of the future.

The variety of instructional design models discussed, including those focused on
educators and those centered on the student experience, provide comprehensive tools
for modernizing instructional design in immersive learning environments. The EQF’s
focus on competencies, particularly in critical thinking, problem-solving, and collaborative
work, aligns with the objectives of these models. As immersive technologies continue to
evolve, future updates to the EQF can integrate descriptors that specifically address the
affective, collaborative, and cognitive engagement components emphasized by models like
CAMIL and TICOL. Additionally, the practical guidelines provided by frameworks like
Revealing and instructional models tailored to specific domains (Castronovo et al., Tacgin
and Dalgarno) can further help in refining competency frameworks within the EQF to meet
the demands of immersive learning and digital skills.

This article focuses on the critical need to integrate immersive technologies into higher
education systems. It examines the intersection of these technologies with pedagogical
strategies, aiming to update the European Qualification Framework (EQF) to better reflect
the skills required in today’s digital age. By conducting a comprehensive literature review,
analyzing case studies, and consulting experts, this study proposes educational design
guidelines specifically for higher education institutions. These guidelines map immersive
technology applications to EQF levels and descriptors, particularly for undergraduate and
postgraduate programs. The findings emphasize how immersive learning can promote
critical thinking, creativity, and hands-on skills, while also acknowledging challenges such
as accessibility and faculty training. This paper offers practical insights and recommenda-
tions, contributing to the creation of a strong framework that supports the integration of
immersive technologies into higher education, ensuring students are prepared to succeed
in a rapidly changing digital environment.
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While this study provides valuable insights into the integration of immersive tech-
nologies within higher education and their alignment with the EQF, existing limitations
should be acknowledged. The study primarily addresses EQF levels 6-8, corresponding to
undergraduate, postgraduate, and doctoral education. Although these levels were prior-
itized due to their direct relevance to advanced education and professional preparation,
the findings may have implications for other EQF levels (e.g., levels 4-5, which focus on
vocational training). Future research could explore how immersive technologies might
similarly enhance competencies across a broader range of qualifications.

The recommendations draw heavily on case studies and expert consultations, which
are influenced by the specific contexts of higher education in Europe, particularly Greece.
While the insights are designed to be adaptable, their applicability to other regions or
educational systems with differing technological readiness or socio-economic conditions
may vary. Moreover, the study assumes access to immersive technologies (e.g., VR, AR)
and adequate infrastructure. However, the uneven implementation of these technologies
due to cost, infrastructure disparities, and digital literacy levels could hinder adoption,
particularly in under-resourced institutions or regions.

Immersive technologies and their applications are evolving rapidly, making it chal-
lenging to propose static frameworks or guidelines. The recommendations in this study
represent a snapshot of current capabilities and trends, which may require frequent up-
dates to remain relevant as technology advances. Finally, while the research methodology
provides a strong theoretical foundation, it does not include empirical validation through
large-scale testing or pilot implementations. Future research could involve longitudinal
studies or experimental designs to evaluate the practical effectiveness of the proposed
educational design guidelines.

By acknowledging these limitations, this study provides a foundation for future work
to expand on its findings, address gaps, and further refine the integration of immersive
technologies within the EQF. Future research should focus on validating and adapting
these recommendations to ensure their full alighnment with the EQF, considering the di-
verse contexts and needs across European higher education systems. Looking forward,
an important extension of this work lies in the integration of artificial intelligence (AI)
within the European Qualification Framework (EQF) and National Qualification Frame-
works (NQFs). Al can provide dynamic, adaptive learning experiences that personalize
education based on individual learner needs. By incorporating Al-driven technologies into
the EQF and NQF, it is possible to enhance the assessment and validation of learning out-
comes, making qualifications more relevant to the competencies needed in an increasingly
Al-augmented workforce. This integration could lead to a more agile framework capable
of updating learning outcomes in real-time, reflecting ongoing technological advancements
and the corresponding shifts in required skills and knowledge.

Author Contributions: Conceptualization, S.P. and I.-E.L.; methodology, S.P.; investigation, S.P.;
writing—original draft preparation, S.P. and I.-E.L.; writing—review and editing, A.K.; supervision,
C.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Acknowledgments: This work was partially supported by the European Commission, under
project PAX—Pedagogical Alliance for XR-Technology in (Teacher) Education—ERASMUS-EDU-
2023-PI-ALL-INNO, Project No. 101139827. We also extend our thanks to all collaborators and
partners involved.

Conflicts of Interest: The authors declare no conflicts of interest.



Trends High. Educ. 2024, 3 1107

References

1. Pitsikalis, S.; Lasica, I.E.; Kostas, A.; Vitsilaki, C. Integrating Augmented Reality into Education and Training: Remarks and
Insights from a Five-Year Experience in the Field. In EDULEARN22 Proceedings; IATED: Palma, Spain, 2022; pp. 1565-1571.

2. Radianti, J.; Majchrzak, T.A.; Fromm, J.; Wohlgenannt, I. A Systematic Review of Immersive Virtual Reality Applications for
Higher Education: Design Elements, Lessons Learned, and Research Agenda. Comput. Educ. 2020, 147, 103778. [CrossRef]

3. Huang, HM,; Rauch, U; Liaw, S.S. Investigating Learners” Attitudes Toward Virtual Reality Learning Environments: Based on a
Constructivist Approach. Comput. Educ. 2010, 55, 1171-1182. [CrossRef]

4. Bacca, ].; Baldiris, S.; Fabregat, R.; Graf, S.; Kinshuk. Augmented Reality Trends in Education: A Systematic Review of Research
and Applications. Educ. Technol. Soc. 2014, 17, 133-149.

5. Milgram, P.; Takemura, H.; Utsumi, A.; Kishino, F. Augmented Reality: A Class of Displays on the Reality-Virtuality Continuum.
In Proceedings of Telemanipulator and Telepresence Technologies; SPIE: Boston, MA, USA, 1994; Volume 2351, pp. 282-292.

6.  European Commission. The European Qualifications Framework: Supporting Learning, Work and Cross-Border Mobility; European
Commission: Brussels, Belgium, 2018.

7. Hamilton, D.; McKechnie, J.; Edgerton, E.; Wilson, C. Immersive Virtual Reality as a Pedagogical Tool in Education: A Systematic
Literature Review of Quantitative Learning Outcomes in Experimental Studies. Comput. Educ. 2021, 157, 1-32. [CrossRef]

8. Pitsikalis, S. Emerging Technologies in Vocational Teaching and Training: The Case of Utilizing Augmented Reality in Re-skilling
and Up-Skilling Educators and Trainers in Innovative Curricula. Ph.D. Thesis, Department of Preschool Education Sciences and
Educational Design, University of the Aegean, Rhodes, Greece, 2024.

9.  European Commission. European Qualifications Framework (EQF) Brochure. Available online: https:/ /europass.europa.eu/
system/files /2020-05/EQF%20Brochure-EN.pdf (accessed on 12 October 2024).

10. European Commission. European Qualifications Framework (EQF). Available online: https://europa.eu/europass/en/european-
qualifications-framework-eqf (accessed on 12 October 2024).

11.  Thanyadit, S.; Heintz, M.; Law, E.L.; Mangina, E. How Easy Is It to Extend Reality? A Usability Study of Authoring Toolkits.
In Proceedings of the AHFE International Conference, New York, NY, USA, 24-28 July 2022.

12. Digital Competence Frameworks for Teachers, Learners and Citizens. Available online: https://unevoc.unesco.org/home/
Digital+Competence+Frameworks (accessed on 12 October 2024).

13. Digital Competence Framework for Citizens (DigComp). Available online: https:/ /joint-research-centre.ec.europa.eu/scientific-
activities-z/education-and-training / digital-transformation-education/digital-competence-framework-citizens-digcomp_en#:
~:text=The%20latest%20version, %20DigComp%202.2,by%20artificial %20intelligence%20(Al) (accessed on 12 October 2024).

14. Tennyson, R. Learning Theories and Instructional Design: A Historical Perspective of the Linking Model. In Innovations in
Instructional Technology: Essay in Honor of M. David Merrill; Spector, ].M., Ohrazda, C., Van Schaack, A., Eds.; Lawrence Erlibaum
Associates Publishers: New York, NY, USA, 2005; pp. 219-235.

15. Kostas, A.; Koutromanos, G.; Tsoumani, D. Micro-Learning in Formal and Informal Education: A Systematic Review.
In Optimizing Education Through Micro-Lessons: Engaging and Adaptive Learning Strategies; Ilic, P., Ed.; IGI Global: Hershey, PA,
USA, 2024; pp. 1-19.

16. Culatta, R. Instructional Design: ADDIE Model; Instructional Design Central: Saratoga Springs, UT, USA, 2013; Available online:
https:/ /www.instructionaldesigncentral.com /addie-model (accessed on 12 October 2024).

17. Molenda, M. In search of the elusive ADDIE model. Perform. Improv. 2015, 54, 40—-42. [CrossRef]

18. Allen, M.W,; Sites, R. Leaving ADDIE for SAM: An Agile Model for Developing the Best Learning Experiences; ASTD Press: Alexandria,
VA, USA, 2012; pp. 1-45.

19. Allen, M.W. SAM, the Savvy Start, and Agile Instructional Design; Allen Interactions: Minnetonka, MN, USA, 2014; pp. 1-30.

20. Puentedura, R. SAMR and TPCK: Intro to Advanced Practice. 2010. Available online: http://hippasus.com/resources/sweden2
010/SAMR_TPCK_IntroToAdvancedPractice.pdf (accessed on 12 October 2024).

21. Shippee, M. WanderlustEDU: An Educator’s Guide to Innovation, Change, and Adventure; Dave Burgess Consulting Inc.: San Diego,
CA, USA, 2019; pp. 1-245.

22. Mishra, P; Koehler, M.]. Technological pedagogical content knowledge: A framework for teacher knowledge. Teach. Coll. Rec.
2006, 108, 1017-1054. [CrossRef]

23. Phillips, M. Re-contextualising TPACK: Exploring teachers’ (non-) use of digital technologies. Technol. Pedagog. Educ. 2016, 25,
555-571. [CrossRef]

24. Lasica, L.E.; Meletiou-Mavrotheris, M.; Katzis, K. A teacher professional development program on teaching STEM-related
topics using augmented reality in secondary education. In Emerging Technologies and Pedagogies in the Curriculum; Springer:
Berlin/Heidelberg, Germany, 2020; pp. 113-126.

25.  Shippee, M.; Lubinsky, J. Training and learning in virtual reality: Designing for consistent, replicable, and scalable solutions.
In Proceedings of the International Conference on Electrical, Computer, and Energy Technologies (ICECET 2021), Cape Town,
South Africa, 9-10 December 2021; IEEE: Piscataway, NJ, USA. [CrossRef]

26. Mulders, M.; Buchner, J.; Kerres, M. Virtual reality in vocational training: A study demonstrating the potential of a VR-based
vehicle painting simulator for skills acquisition in apprenticeship training. Technol. Knowl. Learn. 2022, 29, 697-712. [CrossRef]

27. Tassinari, M.E.; Marcuccio, M. Immersive Virtual Reality in Educational Contexts: A Critical Analysis of the Teaching and

Learning Models. Ital. ]. Health Educ. Sport Incl. Didact. 2024, 8, 2.


https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.1016/j.compedu.2010.05.014
https://doi.org/10.1007/s40692-020-00169-2
https://europass.europa.eu/system/files/2020-05/EQF%20Brochure-EN.pdf
https://europass.europa.eu/system/files/2020-05/EQF%20Brochure-EN.pdf
https://europa.eu/europass/en/european-qualifications-framework-eqf
https://europa.eu/europass/en/european-qualifications-framework-eqf
https://unevoc.unesco.org/home/Digital+Competence+Frameworks
https://unevoc.unesco.org/home/Digital+Competence+Frameworks
https://joint-research-centre.ec.europa.eu/scientific-activities-z/education-and-training/digital-transformation-education/digital-competence-framework-citizens-digcomp_en#:~:text=The%20latest%20version,%20DigComp%202.2,by%20artificial%20intelligence%20(AI)
https://joint-research-centre.ec.europa.eu/scientific-activities-z/education-and-training/digital-transformation-education/digital-competence-framework-citizens-digcomp_en#:~:text=The%20latest%20version,%20DigComp%202.2,by%20artificial%20intelligence%20(AI)
https://joint-research-centre.ec.europa.eu/scientific-activities-z/education-and-training/digital-transformation-education/digital-competence-framework-citizens-digcomp_en#:~:text=The%20latest%20version,%20DigComp%202.2,by%20artificial%20intelligence%20(AI)
https://www.instructionaldesigncentral.com/addie-model
https://doi.org/10.1002/pfi.21461
http://hippasus.com/resources/sweden2010/SAMR_TPCK_IntroToAdvancedPractice.pdf
http://hippasus.com/resources/sweden2010/SAMR_TPCK_IntroToAdvancedPractice.pdf
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1080/1475939X.2015.1124803
https://doi.org/10.1109/ICECET52533.2021.9698487
https://doi.org/10.1007/s10758-022-09630-w

Trends High. Educ. 2024, 3 1108

28.

29.

30.

31.

32.

33.

34.

35.

Fragkaki, M.; Hatzligeroydis, I.; Palkova, Z.; Kovas, K. Instructional design in virtual reality environments: The case of Palestinian
HEIs. In Proceedings of the 10th International Conference on Information, Intelligence, Systems and Applications (IISA 2019),
Patras, Greece, 15-17 July 2019; IEEE: Piscataway, NJ, USA. [CrossRef]

Castronovo, F.; Nikolic, D.; Liu, Y.; Messner, ].I. Design and development of a virtual reality educational game for architectural
and construction reviews. In ASEE Annual Conference and Exposition, Conference Proceedings; American Society for Engineering
Education: Washington, DC, USA, 2019; Available online: https:/ /www.scopus.com/inward /record.uri?eid=2-s2.0-85078720216
&partnerID=40&md5=54dcf061fbbd27dd550dcc7773c6b73b (accessed on 12 October 2024).

Tacgin, Z.; Dalgarno, B. Building an Instructional Design Model for Immersive Virtual Reality Learning Environments.
In Designing, Deploying, and Evaluating Virtual and Augmented Reality in Education; IGI Global: Hershey, PA, USA, 2021; pp. 20-47.
Makrides, G.; Aufenanger, S.; Bastian, J.; Gavalas, D.; Kasapakis, V.; Kostas, A.; Solarz, P.; Szemberg, T.; Szpond, J.; Bastos, G.;
et al. Manual for VR-powered Lessons; Erasmus+/Cooperation Partnerships 2021-1-DE01-KA220-HED-000032098; Wydawnictwo
Naukowe Uniwersytetu Komisji Edukacji Narodowej: Krakéw, Polska, 2021.

Kasapakis, V.; Fokides, E.; Kostas, A.; Agelada, A.; Gavalas, D.; Koutromanos, G. Virtual Reality for Synchronous Learning in
Higher Education. In Extended Reality. XR Salento 2024; De Paolis, L.T., Arpaia, P, Sacco, M., Eds.; Lecture Notes in Computer
Science; Springer: Cham, Switzerland, 2024; Volume 15030.

Makransky, G.; Petersen, G.B. The Cognitive Affective Model of Immersive Learning (CAMIL): A Theoretical Research-Based
Model of Learning in Immersive Virtual Reality. Educ. Psychol. Rev. 2021, 33, 937-958. [CrossRef]

Makransky, G.; Petersen, G.B. The Theory of Immersive Collaborative Learning (TICOL). Educ. Psychol. Rev. 2023, 35, 103.
[CrossRef]

Castelhano, M.; Morgado, L.; Pedrosa, D. Instructional Design Models for Immersive Virtual Reality: A Systematic Literature
Review. In Proceedings of the XXV Simpésio Internacional de Informatica Educativa (SIIE23); Instituto Politécnico de Settibal:
Settibal, Portugal, 2023; pp. 272-278.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1109/IISA.2019.8900765
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85078720216&partnerID=40&md5=54dcf061fbbd27dd550dcc7773c6b73b
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85078720216&partnerID=40&md5=54dcf061fbbd27dd550dcc7773c6b73b
https://doi.org/10.1007/s10648-020-09586-2
https://doi.org/10.1007/s10648-023-09822-5

	Introduction 
	Research Methodology 
	The EQF, NQF, and Other Competence Frameworks 
	Educational Design with Immersive Technologies 
	Educational Design Models and Frameworks Supported with XR Technologies 
	ADDIE, SAM, and SAMR Models 
	Re-Contextualized TPACK Framework 
	XR ABC Framework 
	iVR Learning (M-iVR-L) Framework (Especially for VR Environments) 
	TESLA Instructional Design Model (Especially for VR Environments but Could Be Extended to XR) 
	Castronovo et al. Design Model (Especially for VR Environments but Could Be Extended to AR and XR) 
	Instructional Design Model for Immersive Virtual Reality Learning Environments 
	Revealing Project VR-Powered Learning Environments 
	CAMIL Immersive Learning Model 
	TICOL Immersive Learning Model 

	Discussion on the Educational Design Models and Frameworks Supported with XR Technologies 

	Educational Design and the European Qualification Framework (EQF) 
	Instructional Design Frameworks for XR Technologies Under EQF 
	Updating Learning Outcomes of the European Qualification Framework Under the Perspective of Immersive Technologies 
	Conclusions and Future Directions 
	References

