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Abstract: As digital technologies continue to evolve, they offer unprecedented opportunities to
transform traditional educational paradigms. Virtual worlds offer a dynamic and immersive platform
for fostering sustainability education, bridging the gap between theoretical knowledge and practical
application. In these interactive environments, students can engage with complex ecological systems
and sustainability challenges in a risk-free setting, allowing for experimentation and exploration
that would be impractical or impossible in the real world. This study aims to investigate the
application of various types of virtual worlds in educational settings, examine their characteristics
and potential, and explore how they foster critical 21st-century skills like critical thinking, creativity,
communication, and collaboration. This paper comprehensively explores various types of virtual
worlds—Adventure World, Simulation World, Creative World, Role-Playing World, and Collaborative
World—assessing their impact on educational processes and outcomes. Adventure Worlds, with
narrative-driven quests, engage students in exploratory learning within a story context. Simulation
Worlds replicate real-world environments, allowing students to practice and hone practical skills in a
risk-free setting. Creative Worlds provide open-ended, sandbox-like environments where innovation
and imagination are paramount. Role-Playing Worlds facilitate empathy and perspective-taking
through character-driven scenarios, while Collaborative Worlds emphasize teamwork and problem-
solving in group projects. The narrative review methodology was adopted for the comprehensive
analysis and synthesis of the literature to assess the impact and integration of virtual worlds in
education, focusing on identifying trends, challenges, and opportunities within this domain. The
evaluation methodology used in this study incorporates a mix of the Theory of Inventive Problem
Solving (TRIZ), Concept-Knowledge (C-K) theory, Structure-behavior-function (SBF) modeling, the
Framework for 21st Century Learning (P21), and Universal Design for Learning (UDL) to evaluate
the characteristics and educational potential of different virtual world types. Findings indicate that
virtual worlds effectively support critical thinking, creativity, communication, and collaboration
skills, presenting a comprehensive analysis of how these environments can support, supplement,
or transform traditional educational models. The main outcome of the study is the comprehensive
exploration of various types of virtual worlds—Adventure World, Simulation World, Creative World,
Role-Playing World, and Collaborative World—in education, demonstrating their significant potential
to enhance learning experiences and outcomes through immersive, interactive environments that
foster critical thinking, creativity, communication, and collaboration skills.

Keywords: virtual worlds; educational technology; immersive learning; interactive education; digital
learning environments; educational dames

1. Introduction

The advent of digital technology has ushered in a new era in the field of education,
bringing forth innovative tools and methods that have the potential to revolutionize how
teaching and learning are conducted. Among these innovations, the educational sector has
witnessed a paradigm shift with the advent of the Metaverse—a collective virtual shared
space created by the convergence of virtually enhanced physical reality, augmented reality
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(AR), and the internet [1]. This emerging technology heralds a new era in educational
methodologies, offering immersive and interactive learning experiences that transcend
traditional classroom boundaries [2,3]. The integration of virtual worlds within the Meta-
verse framework has opened up unprecedented opportunities for educators and learners,
promising a transformative impact on the educational landscape [4].

Virtual worlds have emerged as a particularly intriguing and promising domain [5,6].
These digital environments, characterized by their immersive and interactive nature, offer
an alternative to traditional classroom settings, providing a platform where learning can be
both engaging and effective [7]. Their application within the Metaverse context presents a
unique set of possibilities and challenges. The integration of virtual worlds into educational
contexts stems from the growing need to align teaching methods with the technological
proficiency of today’s digital-native learners [8]. Virtual worlds in education, such as
collaborative platforms, simulation environments, and game-based learning spaces, have
shown considerable potential in enhancing student engagement, motivation, and learning
outcomes [9,10]. These digital realms offer a sandbox for creative exploration, problem-
solving, and experiential learning, making education more accessible, engaging, and
tailored to individual learning styles, and represent a promising area of research [11].

The primary purpose of this study is to investigate the application and efficacy of
various types of virtual worlds in educational settings. This study aims to provide a com-
prehensive understanding of how different virtual world environments can be used to
enhance learning experiences and outcomes. By examining the specific characteristics and
educational potential of each type of virtual world, the study seeks to elucidate how these
digital platforms can support, supplement, or even transform traditional educational mod-
els while aiming to support crucial 21st-century skills such as critical thinking, creativity,
communication, and collaboration [12].

The study focuses on investigating the application and efficacy of various types of
virtual worlds—Adventure World, Simulation World, Creative World, Role-Playing World,
and Collaborative World—in educational settings. It aims to provide a comprehensive
understanding of how these digital environments can enhance learning experiences and
outcomes by examining their specific characteristics and educational potential. This re-
search seeks to elucidate how virtual worlds can support, supplement, or even transform
traditional educational models, particularly in fostering critical 21st-century skills such as
critical thinking, creativity, communication, and collaboration.

The specific objectives of the study are outlined as follows:

• Objective 1: Investigate the application of various types of virtual worlds in educa-
tional settings.

• Objective 2: Examine the specific characteristics and educational potential of each type
of virtual world: Adventure World, Simulation World, Creative World, Role-Playing
World, and Collaborative World.

• Objective 3: Explore the role of virtual worlds in fostering 21st-century skills such as
critical thinking, creativity, communication, and collaboration.

To guide our study, we formulate the following research question:
How do various types of virtual worlds in educational settings enhance learning expe-

riences and outcomes, specifically in fostering critical thinking, creativity, communication,
and collaboration skills?

The novelty of this study lies in its holistic approach to examining the spectrum of
virtual worlds in education. While previous research has often focused on specific aspects
or individual types of virtual worlds, this study offers a comprehensive analysis that
encompasses a range of virtual environments.

The study contributes to the field by analyzing the use of virtual worlds in edu-
cational settings, identifying various types and their potential to enhance learning out-
comes. It employs a theoretical framework combining Theory of Inventive Problem Solving
(TRIZ) [13], Concept-Knowledge (C-K) theory [14], Structure-behavior-function (SBF) mod-
eling [15], Framework for 21st Century Learning (P21) [16] and Universal Design for
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Learning (UDL) [17] to assess these environments’ capacity to support 21st-century skills
like critical thinking, creativity, communication, and collaboration. This review offers
insights into how each type of virtual world can uniquely contribute to educational goals
and by identifying the challenges and opportunities associated with their implementation
in educational settings. The study also contributes to the theoretical understanding of
digital learning environments, offering a framework for educators and policymakers to
assess and integrate virtual worlds into educational curricula effectively.

The narrative review methodology employed in this study involves a comprehen-
sive analysis of existing literature on virtual worlds in educational settings, aiming to
synthesize findings from various studies to provide a holistic view of the field. This
approach allows for the exploration of the diverse applications and impacts of virtual
worlds—Adventure World, Simulation World, Creative World, Role-Playing World, and
Collaborative World—on education. By evaluating these different environments through
theoretical frameworks (TRIZ, C-K, SBF, P21 and UDL), the study not only highlights
the unique characteristics and educational potentials of each virtual world type but also
addresses their implications for teaching practice and student engagement. This method-
ological choice enables a broad understanding of the field, identifying trends, challenges,
and opportunities for future research and application.

2. Related Work

We present a comprehensive analysis of various scholarly articles and conference
papers, offering a rich overview of the current state and evolution of virtual worlds,
augmented reality (AR), and their applications in education. The selected references span a
range of topics, including the use of virtual worlds in education [18], the emergence of the
Metaverse [19], AR applications in learning [20], and the integration of these technologies
into various educational contexts [21].

Battal and Taşdelen (2023) conducted a bibliometric analysis of publications related to
virtual worlds in education, highlighting the fluctuation in the number of publications over
time and identifying key themes such as e-learning and higher education [9]. Dreamson
and Park (2023) discussed metaverse-based learning and identified six educational values,
emphasizing the importance of collaborative and transdisciplinary learning [22]. Porat,
Shamir-Inbal, and Blau (2023) explored the integration of Open Sim-based virtual worlds
in K-12 education, focusing on the shift from teacher-centered to student-centered learning
practices [23]. De La Asuncion Pari-Bedoya et al. (2023) conducted a systematic literature
review on the use and applications of the Metaverse in education, underscoring the need
for further investigation into its concrete applications [4]. Li et al. (2023) emphasized
the importance of collaborative learning in virtual worlds and introduced the concept of
“we-intention” to explain the dynamics of collective actions in these environments [24].
Richter and Richter (2023) provided insights into the Metaverse’s evolution from previous
virtual worlds like Second Life, proposing a framework to differentiate the Metaverse from
its predecessors [25].

The works of Masters and Gregory [26] and Örnek and Özer [27] explored the practical
applications of virtual worlds in education, with a focus on Second Life and Open Simula-
tor platforms, respectively. Zafeiropoulos et al. (2014) and Sukhov et al. (2018) discussed
the educational potential of game-based learning in biology labs and medieval history,
highlighting the role of adventure-style games and historical strategy games in educational
discourse [28,29]. Chang et al. (2019) and Bravo and García-Magariño (2015) focused on the
creative educational use of virtual reality, particularly in the context of clothing design and
activity elaboration in higher education [30,31]. Maciuszek and Martens (2014) and Gregory
(2013) addressed the design of learning tasks in virtual worlds, emphasizing the impor-
tance of task difficulty and degree of instructional guidance in educational virtual environ-
ments [32,33]. Nocchi (2018) and Endicott-Popovsky et al. (2013) explored foreign language
teaching and security awareness training in virtual worlds, respectively, offering insights
into the practical implementation and pedagogical strategies [34,35]. Riedmann et al. (2013)
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and Qassem et al. (2016) presented case studies on the learning requirements elicitation
skills and augmented immersive reality technology in high school chemistry education,
respectively, demonstrating the application of virtual and augmented reality in specific ed-
ucational contexts [36,37]. Cao et al. (2014) and Czok et al. (2023) discussed the integration
of virtual reality in science and engineering teaching, focusing on the development and
evaluation of AR applications [38,39]. Gopalan et al. (2018) and Sukhov (2022) reviewed
augmented reality elements in science learning and the gamification of the Middle Ages,
respectively, highlighting the role of AR in enhancing learning experiences and exploring
historical themes [40,41]. Wozniak et al. (2020) and Tang et al. (2022) presented virtual lab
implementations in aerospace structures education and explored AR for scientific inquiry,
respectively, showcasing the practical applications of AR and VR in laboratory and scientific
contexts [42,43]. Jamshidi et al. (2023) and Iqbal et al. (2022) focused on the Metaverse and
microorganism digital twins, and the challenges and future research directions in AR for
education, offering a forward-looking perspective on the potential and limitations of these
technologies in educational settings [44,45]. Fernandes et al. (2021) and Scorgie et al. (2024)
provided a brief review of immersive virtual environments for teaching microbiology and
a systematic literature review and meta-analysis of VR for safety training, underscoring
the diverse applications of VR in specialized educational domains [46,47]. Ventoulis and
Xinogalos (2023) and Creed et al. (2023) discussed the design and pilot evaluation of an
AR educational game for Greek mythology and the research agenda for inclusive AR
and VR, highlighting the importance of engaging learning experiences and accessibility
in immersive technologies [48,49]. AlGerafi et al. (2023) and Uriarte-Portillo et al. (2023)
evaluated AR and VR in education and presented intelligent AR for learning geometry,
emphasizing the effectiveness of these technologies in enhancing learning outcomes and
facilitating geometry education [50,51]. Jim et al. (2023) and Hidayat and Wardat (2023)
explored trustworthy Metaverse and conducted a systematic review of AR in STEM ed-
ucation, respectively, offering insights into the challenges and potential of AR and VR
in educational settings [52,53]. Monteiro et al. (2022) and Tsutsui et al. (2020) presented
“Sea of Cells” for learning biology through VR and the implementation of virtual labs in
aerospace structures education, showcasing innovative approaches to integrating VR in
specific scientific disciplines [54,55]. Paxinou et al. (2022) and Hutson et al. (2024) discussed
a distance learning VR technology tool for science labs and learning communities in the
Metaverse, highlighting the evolving role of VR and the Metaverse in distance education
and first-year experience courses [56,57]. Shiradkar et al. (2021) and Paxinou et al. (2020)
focused on VR as an interactive safety training platform and the implementation and
evaluation of a 3D virtual-reality biology lab, respectively, demonstrating the practical ap-
plications of VR in safety training and biology education [58,59]. Zafeiropoulos et al. (2023)
and Golemati et al. (2020) presented the V-Lab VR educational application framework
and 3D simulations in a civil engineering lab, offering examples of VR applications in lab
settings and civil engineering education [60,61].

The integration of virtual worlds into existing educational platforms and frameworks
has been discussed by several authors. Griol et al. (2014) [62] discussed integrating im-
mersive virtual environments, natural language processing, and AI to create intelligent
learning environments. It emphasizes the flexibility of virtual worlds like Second Life and
OpenSimulator for global collaboration in education. Morgado et al. (2017) [63] presented
the MULTIS architecture for integrating virtual worlds into Learning Management Sys-
tems (LMS), allowing educators to manage virtual world activities alongside traditional
e-learning activities. Díaz (2020) [18] explored the integration of virtual worlds with hy-
brid and mobile learning models, emphasizing its potential to enhance accessibility and
inclusivity in education. Díaz et al. (2020) [10] focused on the design and implementation
of virtual worlds as complementary tools in hybrid education, this article explores the
flexibility and alternative knowledge transmission methods offered by these environments.
Badilla-Quintana et al. (2021) [64] investigated immersive experiences in virtual worlds; this
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study highlighted the importance of interactivity, presence, and flow in creating engaging
educational environments.

The relationship between virtual worlds and educational strategies has been discussed
by Porat et al. (2023) [23] explored teaching prototypes and strategies for integrating Open
Sim-based virtual worlds in K-12 education, focusing on student-centered learning prac-
tices. Dreamson et al. (2023) [22] argue for metaverse-based learning as a distinct form
of education, emphasizing collaborative learning, co-authorship, and transdisciplinary
research-driven learning. Richter et al. (2023) [25] offered a comparative analysis of the
Metaverse and previous virtual worlds; this study highlighted the evolution of user experi-
ence in virtual environments and its implications for educational settings.

User behavior and virtual world dynamics have been analyzed by Chesney et al.
(2014) [65], who examined the impact of gaming experience on behavior in virtual worlds,
analyzing communication, movement, avatar creation, and world customization. Li et al.
(2023) [24] focused on promoting collaborative learning in virtual worlds; this study empha-
sized the importance of “we-intention” and examined how it influences team collaboration
and learning.

Technological challenges have been analyzed by Cruz et al. (2015) [66] who discussed
the technological challenges in using virtual worlds for education, particularly emphasizing
the need for identity federation to overcome barriers in classroom management, content
reuse, and learning analytics. De La Asuncion Pari-Bedoya et al. (2023) [4] discussed the
applications and challenges of using the metaverse in education, highlighting its potential
for interactive and immersive learning. Battal et al. (2023) [9] examined publications
related to virtual worlds in education, providing insights into the trends, challenges, and
future research directions in this field. Quinonez-Beltran et al. (2023) [67] investigated
the use of virtual worlds to enhance teacher participation in distance education; this
study highlighted the positive impact of virtual environments on teacher engagement and
participation. Hoter et al. (2023) [68] focused on technical support in online courses and
MOOCs; this study explored the effectiveness of various support types in courses with a
significant virtual world component.

These studies collectively illustrate the diverse and evolving landscape of virtual
worlds, augmented reality (AR), and virtual reality (VR) in enhancing educational ex-
periences. They focused on immersive learning environments, innovative educational
strategies, and user behavior dynamics, and addressed technological challenges while
pointing toward future research directions in this evolving field [69]. They highlighted
the potential of these technologies to enhance learning experiences, foster skill develop-
ment, and address specific educational challenges [70], while also acknowledging the
need for further research and development to fully realize their potential in educational
contexts [71].

3. Virtual Worlds in Education
3.1. Methodology

The narrative review stands as the cornerstone of our methodology, providing a deep
dive into the extensive corpus of literature surrounding virtual worlds in education. This
thorough examination encompasses a wide array of sources, including academic journals,
educational technology reports, and firsthand user testimonials, which collectively offer
insights into the operational dynamics, pedagogical strategies, and user experiences within
these digital realms [72]. Through this process, we meticulously catalog the salient features
and educational applications of diverse virtual worlds, ranging from Adventure and
Simulation Worlds to Creative, Role-Playing, and Collaborative Worlds. This narrative
exploration is instrumental in painting a comprehensive picture of the current state of
virtual worlds in education, highlighting their strengths, limitations, and the pedagogical
opportunities they present [73]. Complementing the narrative review, we use a structured
analytical lens through which the identified characteristics of virtual worlds can be assessed.
This model is predicated on the establishment of a set of criteria derived from the theoretical
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frameworks underpinning our study, including the Theory of Inventive Problem Solving
(TRIZ), Concept-Knowledge (C-K) theory, Structure-behavior-function (SBF) modeling,
the Framework for 21st Century Learning (P21), and the Universal Design for Learning
(UDL). By applying this model, we are able to systematically categorize and evaluate the
educational value of virtual worlds, facilitating a nuanced understanding of how these
environments can be optimized to support effective learning.

3.2. Background and Concepts

The concept of virtual worlds in education has gained unprecedented momentum
with the advent of the Metaverse, a term that encapsulates a future interconnected virtual
space [25]. This digital realm, fostered by rapid technological advancements, is poised to
revolutionize the educational landscape by offering immersive, interactive, and engaging
learning environments [52]. The surge in interest and feasibility of the Metaverse in educa-
tional contexts can be attributed to several key technological advancements. High-speed
internet and powerful computing capabilities have made complex virtual environments
more accessible and seamless. The development of sophisticated VR and AR technolo-
gies has enabled the creation of highly immersive and interactive virtual spaces [39,62].
These technologies allow users to experience a sense of presence and agency within virtual
environments, making learning more engaging and experiential [33,74]. Furthermore,
advancements in artificial intelligence (AI) are enhancing the adaptability and interactivity
of these environments, enabling personalized and dynamic learning experiences [75].

The Metaverse can be conceptualized as an expansive network of 3D virtual worlds,
where individuals interact with each other and the environment in real-time, using avatars
as their digital representations [33,76,77]. It transcends the traditional boundaries of physi-
cal space, allowing for a blend of reality and virtuality. This digital universe is not just a
single platform but a collection of interconnected spaces and experiences, encompassing
various aspects of social interaction, entertainment, and education. In the context of edu-
cation, the Metaverse offers a platform where traditional educational paradigms can be
reimagined, leading to innovative teaching and learning methods [78]. Within the broader
framework of the Metaverse, virtual worlds play a pivotal role in reshaping educational
experiences [18,62,63]. These worlds (or metaworlds [79]) provide a simulated environ-
ment where learners can engage in a variety of activities, from attending virtual classes
to participating in interactive simulations that mirror real-world scenarios. They offer a
unique blend of realism and creativity, enabling educators to create learning experiences
that are otherwise impossible or impractical in the physical world. For instance, students
can explore historical events as if they were there, conduct dangerous scientific experiments
in a safe virtual space, or collaborate on projects with peers from across the globe. The
potential of virtual worlds in education lies in their ability to foster engagement, collabora-
tion, creativity, and critical thinking, providing a rich and diverse learning landscape that
prepares students for the complexities of the modern world [80,81].

3.3. Selection for Analysis

For further analysis, we have selected the following virtual worlds:

• Adventure World: A narrative-driven world where students embark on quests, solving
educational challenges to advance the story. Collaborative education in virtual learn-
ing environments supports this by using non-player characters and quest activities for
tutoring and training, incorporating active learning and progress [82].

• Simulation World: A world that simulates real-world environments or historical
events, allowing students to interact with and learn from real-life scenarios. The
role-playing game for software project management in a virtual world enhances
experiential learning of project team members’ communication and collaboration,
simulating real-life company scenarios [83].

• Creative World: A sandbox environment where students can build and create, foster-
ing creativity and problem-solving skills. The study on “Free the sheep: improvised
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song and performance in and around a Minecraft community” explores how chil-
dren’s creative practices in virtual worlds shape the nature of the space around them,
fostering creativity and problem-solving skills [84].

• Role-Playing World: Students assume roles in a simulated environment, learning
through acting out various scenarios or historical events. “Enhance learning on soft-
ware project management through a role-play game in a virtual world” demonstrates
how role-playing in virtual environments can enhance experiential learning and simu-
late real-life scenarios [83].

• Collaborative World: A world focused on group projects and teamwork, where stu-
dents must work together to solve complex problems or complete tasks. The “Model
for Effective Collaborative Learning in Virtual Worlds with Intelligent Agents” pro-
poses a model to achieve effective collaborative learning in virtual environments,
enhancing teamwork and problem-solving skills [85].

These worlds can provide immersive and interactive learning experiences, making
education more engaging and effective.

The identification and selection of specific virtual worlds, namely Adventure World,
Simulation World, Creative World, Role-Playing World, and Collaborative World, for
further analysis in educational contexts were guided by a focused and strategic approach.
This process was driven by the intent to cover a broad spectrum of educational needs
and pedagogical approaches, ensuring a comprehensive understanding of the potential
of virtual worlds in education. The selection process involved a detailed review of virtual
worlds with a focus on their educational potential. We chose virtual worlds based on their
unique teaching and learning benefits. This involved examining scholarly articles, reports
on educational technology, and feedback from users to gain a comprehensive view of what
each platform offers in practical educational settings. It contributes to previous typologies
of virtual worlds proposed by Messiger et al. [86].

Adventure World was selected for its narrative-driven environments, which are ideal
for engaging students in storytelling and exploration-based learning [87]. The choice
to include Adventure World was motivated by the educational value of narratives in
enhancing memory retention, critical thinking, and problem-solving skills. These worlds
offer immersive experiences where learners can embark on quests and solve challenges,
making learning an active and engaging process.

Simulation World was chosen due to its ability to replicate and imitate real-world
scenarios and environments [88]. These worlds are particularly valuable in fields like
science, engineering, and medicine, where practical, hands-on experience is crucial. The
inclusion of Simulation World was driven by the need to provide students with realistic
experiences where they can apply theoretical knowledge in safe, controlled, virtual settings.

Creative World was identified for its emphasis on creativity and design [89]. These
environments allow students to build, create, and experiment in a sandbox-like setting,
fostering creativity, innovation, and design thinking [90]. The selection was based on the
increasing importance of creative skills in modern education and the ability of these worlds
to provide a canvas for imaginative expression.

Role-Playing World was included for its focus on social interaction and perspective-
taking. In these worlds, students assume different roles, which is invaluable for developing
empathy, communication skills, and an understanding of diverse viewpoints [91]. The
decision to analyze Role-Playing World was influenced by the educational potential of
experiential learning in developing social and emotional skills.

Finally, Collaborative World was chosen for its ability to facilitate teamwork and
cooperative learning. These platforms, originating from board games and other cooperative
games [92], are designed to enable group projects and collaborative tasks, making them
ideal for teaching teamwork, leadership, and collaborative problem-solving. The inclusion
of Collaborative World reflects the growing emphasis on collaboration in both educational
and professional settings.
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3.4. Adventure World
3.4.1. Adventure World: Definition and Key Elements

Adventure World, in the context of educational virtual worlds, is a narrative-driven en-
vironment where students are engaged in a story-driven journey. In this world, originating
from adventure games [93], students embark on quests, encountering various educational
puzzles and challenges that are integrated into the storyline. As they progress, their success
in solving these puzzles or overcoming challenges allows them to advance the narrative.
This type of world is designed to make learning more engaging and immersive, fostering
a deeper understanding and retention of educational content through an interactive and
enjoyable experience.

The key elements of Adventure World include:

• Storyline: A compelling narrative [94] that guides the educational journey, making
learning more engaging and meaningful [95].

• Quests: Specific tasks or missions aligned with educational objectives, providing a
sense of purpose and direction [96].

• Puzzles and Challenges: Interactive problems that require critical thinking, creativity,
and application of learned concepts [97].

• Progression Mechanism: A system that tracks student progress and unlocks new parts
of the story as they learn and succeed [98].

• Interactive Learning: Opportunities for students to interact with the environment,
characters, and each other, enhancing the learning experience [6].

3.4.2. Typical Interactions

In an Adventure World, a virtual environment designed for immersive storytelling and
exploration, interactions are the pivotal elements that bring the narrative to life and engage
participants. These interactions are not just confined to the actions of the players, but they
extend to encompass a complex web of relationships between various elements within
the world, including characters, objects, the environment, and the underlying narrative
structure. Central to these interactions are the player characters, who are often tasked with
navigating through a series of quests and challenges. These characters interact with non-
player characters (NPCs)—entities controlled by the game’s AI [99]—to gather information,
seek guidance, or obtain critical items necessary for their journey. The nature of these
interactions can range from simple dialogue exchanges to more complex negotiations or
conflicts, depending on the storyline and the characters’ roles within it.

The environment itself plays a crucial role in shaping these interactions. Players might
interact with their surroundings to uncover hidden paths, solve environmental puzzles, or
use specific features of the landscape to overcome obstacles. The setting of an Adventure
World is often richly detailed, offering not just a backdrop for the action but an active
participant in the narrative. For instance, a player might need to navigate treacherous
terrains, decipher ancient ruins, or adapt to changing weather conditions, all of which
require interaction with the environment.

Objects within the Adventure World also form a critical component of player inter-
actions. These objects can range from mundane items like keys and potions to powerful
artifacts with unique abilities. Players must discover, utilize, or combine these items in
creative ways to advance the story or enhance their character’s abilities. The interaction
with objects often involves puzzle-solving elements, where the player must figure out the
right way to use an item to progress further.

The narrative structure of the Adventure World dictates the course and nature of
interactions. Players are presented with choices that can significantly impact the story’s
progression. These decisions not only affect the immediate situation but can have long-
lasting repercussions, altering future interactions and the world’s state. The narrative-
driven nature of these interactions means that players are not just passive recipients of a
story but active participants shaping the tale through their choices and actions.
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Lastly, social interactions between players, when the Adventure World supports
multiplayer modes, add another layer of complexity. Players can collaborate, compete, or
simply coexist within the same world, forming alliances, engaging in battles, or trading
resources. These social dynamics contribute to a rich and varied experience, as every player
brings their own style and perspective to the game.

These interactions are represented in Figure 1. This diagram illustrates the flow of
interactions between the student, the Adventure World platform, the educational content,
and the progress tracker. It captures how students access the platform, engage with the
educational content through quests and puzzles, and how their progress is tracked and
used to unlock further elements of the story.

Figure 1. Typical interactions in Adventure World.

3.4.3. Educational Applications

These examples leverage storytelling, quests, and interactive challenges to enhance
learning:

Minecraft Education Edition [100] is Minecraft’s educational version that allows stu-
dents to engage in a block-based, open-world environment with various terrains, where
they can explore historical landmarks, understand scientific concepts, and even learn cod-
ing. Teachers often create quest-like scenarios where students solve problems and learn
through exploration, while its educational content focuses on STEM.

Zoombinis [101] is a classic educational game that has been re-released for modern
platforms. It involves leading a group of small creatures through a series of logic puzzles.
Each puzzle is part of a larger journey narrative, teaching problem-solving and logical
thinking skills.

The Oregon Trail [102] is a well-known educational video game that simulates the
experiences of pioneers traveling on the Oregon Trail in 19th-century America. While older,
it is a prime example of using narrative and adventure in an educational context, teaching
American history and geography through survival and resource management quests.

We present the comparison of these educational worlds in Table 1. Here, “Setting”
describes the environment or world where the game takes place. “Storyline” provides
a brief overview of the game’s narrative. “Quests” details the types of challenges or
missions players undertake in the game. “Social Interactions” explains how players interact
with each other or with in-game characters. “Educational Content” specifies the learning
material or educational objectives integrated into the game. This structured comparison
highlights the unique aspects of each game, including their educational content and how
they engage players through their respective worlds and storylines.
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Table 1. Comparison of Educational Games Implementing Adventure World.

Game Setting Storyline Quests Social
Interactions

Educational
Content

Minecraft
Education
Edition

Virtual world
with diverse
biomes and
terrain

Player-driven,
open-ended
exploration

Building,
crafting, and
survival
challenges

Collaborative
projects and
problem-solving
with other
players

STEM concepts,
creativity,
problem-solving,
digital
citizenship

Zoombinis Fantasy
islands

Rescue
Zoombinis by
solving
puzzles

Logic puzzles
with increasing
difficulty

Single-player
(no direct social
interaction)

Logical
reasoning, data
analysis, pattern
recognition

The Oregon
Trail

19th-century
American
West

Settlers
traveling the
Oregon Trail

Survival,
resource
management,
decision-
making

Limited, based
on encounters
and choices
along the trail

American history,
geography,
resource
management

3.4.4. Educational Affordances

Adventure World, as a narrative-driven virtual environment for education, offers
several unique affordances that enhance the learning experience. These affordances can be
discussed under various categories as summarized in Table 2.

Table 2. Affordances of Adventure World in Education.

Affordance Description

Narrative Immersion The use of storytelling captivates students, making learning more engaging and
memorable. Narratives provide context and meaning, making abstract concepts
easier to understand and retain.

Motivation Through
Quests

The quest-based approach provides clear objectives and a sense of purpose.
As students complete tasks, their achievements contribute to story progression,
which serves as a powerful motivational tool.

Problem-Solving Skills Solving puzzles and overcoming challenges within the game enhance critical
thinking and problem-solving skills. These skills are transferable to
real-world situations.

Dynamic Interaction Students interact with the environment, characters, and each other, fostering
collaborative learning and communication skills.

Adaptive Challenges The world can adapt to different skill levels, offering personalized challenges that
cater to the individual learning pace of each student.

Peer Learning Opportunities for teamwork and peer-to-peer interaction can emerge, encouraging
cooperative learning and social skill development.

Real-Time Feedback Instant feedback mechanisms help students understand their progress and areas
for improvement, facilitating a more responsive learning process.

Educational Content
Integration

The adventure can be designed to align with specific curriculum goals, ensuring
that the gaming elements complement educational objectives.

Cross-Disciplinary
Learning

The narrative can incorporate elements from various disciplines, providing a
holistic education experience that goes beyond traditional subject boundaries.

Cultural Relevance The storyline and content can be tailored to reflect diverse cultures and
perspectives, making the learning experience more relevant and inclusive.

Sustainability of
Interest

The evolving narrative can sustain students’ interest over longer periods
compared to traditional learning methods.

Skill Development Beyond academic knowledge, students develop life skills like resilience,
persistence, and creative thinking through engaging in story-driven challenges.

The affordances of Adventure World in the educational context are multifaceted,
focusing not only on imparting knowledge but also on developing a broad range of cogni-
tive, social, and emotional skills. This comprehensive approach to education aligns well
with 21st-century learning paradigms.
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3.5. Simulation World
3.5.1. Simulation World: Definition and Key Elements

Simulation World refers to a type of virtual environment designed for educational
purposes, which replicates real-world settings or historical events. Simulation worlds
originate from simulation games [103]. The primary goal of this virtual world is to provide
an immersive, interactive learning experience that closely mirrors actual situations, places,
or periods. By simulating real-life scenarios, students can engage with content in a more
meaningful and impactful way.

Core characteristics of Simulation Worlds are as follows:

• Realistic Environments: The simulation closely replicates real-world environments,
whether it is a modern city, a historical battlefield, a scientific laboratory, or a natural
ecosystem. The level of detail in these simulations can vary but generally includes
sensory experiences like visual, auditory, and sometimes tactile elements.

• Historical Accuracy: When simulating historical events, accuracy is key. Everything
from the architecture, clothing, language, and societal norms of the period is recreated
to provide an authentic learning experience.

• Dynamic Scenarios: The world changes in response to student interactions. For
example, a simulation of an ecological system might show the impact of pollution or
climate change based on students’ actions [104].

Simulation World offers a unique and powerful way to enhance education by combin-
ing the realism of real-world scenarios with the safety and flexibility of a virtual environ-
ment. This approach not only makes learning more engaging but also provides practical,
hands-on experience that can be difficult to achieve in a traditional classroom setting.

3.5.2. Typical Interactions

In a Simulation World, interactions are designed to mimic real-life scenarios, processes,
or systems, allowing users to engage in a virtual environment that closely resembles
a specific aspect of reality. This type of virtual environment is particularly effective in
educational and training contexts, where the practical application of knowledge and skills
is crucial. The essence of a Simulation World lies in its ability to replicate real-world
dynamics and systems, offering an immersive experience that is both informative and
engaging. Users often take on roles that mirror real-life positions, such as a pilot in a
flight simulator, a city planner in an urban development simulator, or a doctor performing
virtual surgeries. The fidelity of these simulations can vary, ranging from highly realistic
recreations to more abstract representations that still adhere to the fundamental principles
of the simulated system. Interactions in a Simulation World are typically governed by the
same rules and laws that apply to their real-world counterparts. This means that users
must apply relevant knowledge and skills to navigate these environments successfully.
For instance, in a flight simulator, the user must understand and manage various aircraft
controls and respond to changing weather conditions, just as a real pilot would [105].
These interactions not only reinforce theoretical knowledge but also develop practical skills
and decision-making abilities. Simulation Worlds often include scenarios or challenges
that require problem-solving and critical thinking [106]. These scenarios are designed to
test the user’s ability to apply their knowledge in practical situations. For example, in a
medical simulation, a user might be required to diagnose and treat patients based on their
symptoms, using the same diagnostic reasoning that a healthcare professional would use.

Another key aspect of Simulation Worlds is the feedback loop. Users receive immedi-
ate feedback on their actions, allowing them to understand and reflect on the consequences
of their decisions [107]. This feedback is essential for learning and skill development,
as it helps users to identify areas where they need improvement and to understand the
complexities of the system they are interacting with. Social interactions are also common in
Simulation Worlds, especially in those designed for team training or multiplayer experi-
ences. Users can work together to achieve common goals, communicate and delegate tasks,
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and learn from each other’s strategies and approaches. This not only enhances the learning
experience but also helps in developing teamwork and communication skills.

Simulation Worlds are adaptive, meaning they can be tailored to different skill levels
and learning objectives. This adaptability ensures that users remain engaged and chal-
lenged, regardless of their prior knowledge or experience. Advanced users can face more
complex scenarios, while beginners can start with simpler tasks, allowing for a personalized
learning journey.

Figure 2 illustrates the interactions within a Simulation World, covering the student’s
engagement with the simulation interface, the simulation engine’s processing of actions
and scenarios, the real-time feedback mechanism, and the role of the instructor in providing
guidance and assessments. The cycle of interaction, feedback, and instructor intervention
outlines a comprehensive educational experience within the simulation.

Figure 2. Interactions in Simulation World.

3.5.3. Educational Applications

Simulation World as a concept in education, refers to virtual environments that sim-
ulate real-world scenarios for learning purposes. These environments are particularly
effective in fields where hands-on experience is crucial but difficult to obtain due to cost,
safety, or logistical reasons. Below are some real-world examples of Simulation Worlds
used in various educational contexts:

Medical schools often use virtual simulations to train students in surgical procedures,
patient interactions, and emergency response. Platforms like ‘Touch Surgery’ offer detailed,
interactive surgical simulations, allowing medical students to practice and refine their
skills in a safe, controlled environment [108]. Aviation schools use flight simulators to train
pilots. These simulators replicate the experience of flying an aircraft, including handling
emergency situations, which are too risky or impractical to recreate in real life. Examples
include the Microsoft Flight Simulator, which is also used for training purposes [109].
Business schools utilize simulation software to mimic market dynamics, allowing students
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to experiment with business strategies, understand market trends, and learn about eco-
nomic principles [110]. ‘Capsim’ is an example of such a simulation tool used in business
education. Universities and research institutions use simulations to study environmental
changes and ecological systems [111]. For example, ‘EcoSim’ is an ecosystem simulation
where students can manipulate variables like rainfall, temperature, and vegetation to ob-
serve ecological changes. Historical Event Simulations are used in history and archaeology
education, allowing students to explore historical sites or events in detail. For instance,
the ‘Virtual Rome’ project lets students explore a 3D reconstruction of ancient Rome as
it was in AD 320 [112]. Physics and Engineering Simulation tools like ‘PhET Interactive
Simulations’ developed by the University of Colorado Boulder provide interactive sim-
ulations in physics, chemistry, biology, and more, helping students understand complex
concepts through visualization and experimentation [113]. Virtual worlds, like ‘Second
Life’, have been used for language learning, where students immerse themselves in a virtual
environment that simulates real-life scenarios in a foreign language [114]. Industries like oil
and gas, mining, and construction use VR simulations to train workers in safety protocols
and emergency response in hazardous environments without associated risks [115].

3.5.4. Educational Affordances

Simulation World in an educational context refers to a virtual environment that repli-
cates real-life scenarios or historical events, allowing students to interact with and learn
from lifelike situations. These simulation environments offer a range of educational af-
fordances that enhance learning by providing realistic, interactive, and immersive experi-
ences [116,117]. Table 3 shows a summary of these affordances.

Table 3. Affordances of Simulation Worlds in Education.

Affordance Description

Authentic Experiences Simulation Worlds offer students the opportunity to engage in realistic scenarios
that closely mimic real-world environments or historical contexts, providing a
more authentic learning experience.

Contextualized Learning By situating learning within a specific context, students can see the direct
application and relevance of theoretical concepts, enhancing their understanding
and retention.

Adaptive Learning Simulation Worlds can adapt to individual learning styles and paces, offering
personalized learning pathways. Some simulation worlds are equipped with AI
to adapt to a student’s learning pace and style, offering personalized
educational experiences.

Experiential Learning Students learn by doing, experiencing situations firsthand rather than reading or
hearing about them. This hands-on approach can enhance understanding
and retention.

Interactive Engagement The interactive nature of Simulation Worlds fosters higher student engagement,
as learners are actively involved in the learning process.

Increased Motivation The immersive and often game-like elements of Simulation Worlds can increase
students’ motivation to learn and participate.

Practical Skills Simulation Worlds allow students to practice and develop specific skills, such as
surgical techniques in medical simulations or flying in flight simulators, in a safe
and controlled environment.

Problem-Solving Skills These environments often present complex problems, requiring students to apply
critical thinking and problem-solving skills.

Decision-Making Skills Many simulations require students to make decisions based on available
information, mimicking real-life decision-making processes.

Iterative Learning Students can try different approaches and learn from their failures, an essential
aspect of the learning process.

Technological Literacy Working within Simulation Worlds often enhances students’ digital and
technological skills.

Collaboration Simulations can support collaborative activities, where students work in teams to
solve problems or achieve goals, mimicking real-world collaborative environments.

Feedback Systems Immediate feedback on actions and decisions help students understand the
consequences of their choices, promoting reflective learning.
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3.6. Creative World
3.6.1. Creative World: Definition and Key Elements

Creative World refers to a type of virtual learning environment, often described as
a sandbox [118], where students have the freedom to build, create, and experiment. This
environment is designed to foster creativity, innovation, and problem-solving skills among
learners. The core elements of Creative Worlds are as follows:

• Open-Ended Environment: Unlike structured learning environments, a Creative World
typically does not have predefined objectives. Students are encouraged to set their
own goals and projects, fostering self-directed learning.

• Tools for Creation: Students are provided with a wide array of tools and resources
that enable them to build and create virtually anything they can imagine. These tools
might include building blocks, design software, art tools, coding platforms, and more.

• Interactive Platform: The world is highly interactive, allowing students to manipulate
objects, change environments, and see the immediate impact of their actions.

Creative World represents an innovative approach to education, moving away from
traditional, structured learning to an open, creative, and exploratory model. This approach
not only engages students but also equips them with the skills necessary for the 21st century,
such as creativity, collaboration, and technical proficiency [12].

3.6.2. Typical Interactions

In a Creative World, interactions are primarily focused on fostering creativity, in-
novation, and self-expression. These virtual environments are designed as open-ended
platforms where users, often students or learners, can build, create, and experiment freely.
Unlike more structured virtual worlds with predefined objectives or narratives, Creative
Worlds offer a canvas for imaginative and exploratory learning. One of the core aspects of
interaction in a Creative World is the construction and manipulation of elements within
the virtual environment. Users are typically provided with a range of tools and materials
that they can use to construct objects, structures, or entire landscapes. This process is
highly intuitive and reflective of real-world building and artistic creation, albeit without
the physical constraints. For instance, in an educational setting, students might use these
tools to design models that illustrate scientific concepts, create art, or engineer solutions to
hypothetical problems.

The collaborative potential of Creative Worlds also constitutes a significant aspect
of user interaction. Many of these environments are designed to support multi-user
engagement, allowing students to work together on joint projects. Such collaboration can
range from constructing shared structures to brainstorming ideas and problem-solving.
This collaborative process is instrumental in teaching teamwork skills, negotiation, and
the value of different perspectives. Another key interaction in Creative Worlds is the
ability to customize the environment itself. Users have the power to change aspects of the
world according to their preferences or needs, such as altering terrain, adjusting weather
conditions, or even programming specific behaviors into the world. This level of control
enhances the immersive experience and allows users to experiment with different scenarios
and outcomes. Creative Worlds often incorporate game-like elements, although these are
usually more open-ended and less goal-oriented than in traditional game environments.
These elements might include challenges or quests that prompt users to apply their creative
skills to solve problems, but the emphasis remains on the process of creation rather than on
achieving a specific end goal.

Creative Worlds are particularly effective in developing critical thinking and problem-
solving skills. As students navigate these environments, they are often confronted with
challenges that require innovative thinking. Whether it is designing a structure that can
withstand certain forces or creating a digital story, students must apply knowledge and
creativity to succeed. In addition to fostering creativity and collaboration, interactions in
Creative Worlds also promote technological literacy [119]. Navigating and manipulating
these environments requires a degree of digital competency. As such, students not only
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learn about the subject matter at hand but also develop important digital skills that are
increasingly valuable in a technology-driven world.

Figure 3 illustrates the interactions within a Creative World, highlighting the process
of project creation, development, collaboration, feedback, and finalization. It covers the
student’s engagement with the creative interface, the use of creation tools, saving and shar-
ing work through a project repository, collaborative interactions, and the role of instructors
in providing guidance. This cycle of creation, collaboration, feedback, and improvement
outlines a dynamic and creative educational experience in the virtual environment.

Figure 3. Typical interactions in Creative World.

3.6.3. Educational Applications

Creative World, in an educational context, refers to virtual environments or platforms
where learners can engage in creative and constructive activities. These environments
are designed to foster creativity, problem-solving, and collaborative skills. Here are some
real-world examples of Creative Worlds used in education.

Roblox’s [120] platform enables students to create and play games. It is used for
teaching game design and programming skills. The immersive environment also allows
for creative storytelling and digital art projects. Scratch [121] is a block-based visual
programming language and online community targeted primarily at children. Users
can create interactive stories, games, and animations, encouraging algorithmic thinking
and creativity. LEGO Digital Designer allows students to build virtually with LEGO
blocks. It is often used in engineering and design courses to teach concepts of structure,
design, and spatial awareness [122]. Kerbal Space Program simulates space flight and has
been used in physics and astronomy classes. Students learn about aerospace engineering,
orbital mechanics, and physics through trial and error in building rockets and conducting
missions [123]. SimCityEdu, an educational version of the popular city-building game
SimCity, is designed to foster students’ problem-solving and decision-making skills as
they manage and grow virtual cities [124]. LittleBigPlanet allows players to create their
own game levels. It’s used in educational settings to teach concepts of physics, logic, and
design [125].

3.6.4. Educational Affordances

Creative World in an educational context refers to a virtual environment that pri-
oritizes creativity, innovation, and the construction of original ideas or projects. These
environments are typically open-ended, offering a sandbox-like experience where students
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have the freedom to explore, create, and experiment. The affordances of a Creative World
in education are summarized in Table 4.

Table 4. Affordances of Creative Worlds in Education.

Affordance Description

Creative Thinking Creative Worlds provide an open platform for students to think
imaginatively, encouraging them to come up with unique solutions
and ideas.

Innovation through
Experimentation

These environments allow students to experiment without fear of
failure, fostering a mindset conducive to innovation.

Problem-Solving By engaging in creative projects, students develop and refine their
problem-solving skills, learning to tackle challenges in innovative ways.

Technical Skills Depending on the tools and technologies available in the Creative
World, students can acquire and enhance various technical skills,
including coding, digital art, graphic design, 3D modeling, and more.

Artistic Expression These worlds often provide tools for artistic creation, allowing students
to express themselves through various mediums.

Collaboration Many Creative Worlds encourage or require collaboration, helping
students develop teamwork and communication skills.

Peer Learning Students can learn from each other by sharing ideas, techniques, and
feedback, fostering a community of learning.

Project-Based Learning Creative World is ideal for project-based learning, where students
undertake complex projects that require planning, execution,
and revision.

Self-Directed Learning Creative Worlds often allow students to pursue their interests, leading
to higher motivation and a more personalized learning experience.

Interdisciplinary
Learning

These environments can seamlessly integrate elements from various
disciplines in STEM, encouraging students to apply a broad range of
knowledge in their creative projects, and allowing for a holistic
educational experience.

Connecting Theory
and Practice

Students can apply theoretical concepts in a practical context,
deepening their understanding and retention of academic content.

Digital Literacy Interaction within Creative Worlds naturally improves digital literacy, a
crucial skill in the modern digital age.

Increased Student
Engagement

The freedom to create and the joy of seeing one’s creations come to life
can significantly boost student engagement.

Creative World environments in education offer a unique blend of creativity, skill
development, collaboration, and engagement. They provide students with a platform to
express themselves, explore interests, and develop a wide array of skills, from technical
proficiency to creative thinking. However, the success of these environments depends on
careful planning, resource allocation, and the presence of supportive facilitation to guide
and maximize student learning outcomes.

3.7. Role-Playing World
3.7.1. Role-Playing World: Definition and Key Elements

Role-Playing World in an educational context is a simulated environment where
students assume specific roles and interact within various scenarios [126]. This method of
learning, often referred to as role-playing, is a form of experiential education that provides
a rich, immersive experience, allowing students to explore different perspectives, develop
empathy, and gain a deeper understanding of the subject matter.
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Below are the core characteristics of the various aspects of a Role-Playing World:

• Immersive Scenarios: Role-Playing Worlds are designed to immerse students in realis-
tic or accurate settings. These scenarios can range from re-enacting historical events to
simulating modern-day situations or exploring hypothetical futures.

• Defined Roles: Each student assumes a specific character or role within the simulation.
These roles are often based on real-life positions (e.g., a politician, a scientist, a nurse) or
historical figures, and are designed to help students understand different viewpoints
and the complexity of human interactions.

• Interactive Narrative: The environment typically has a narrative or storyline that
evolves based on the actions and decisions of the participants. This narrative guides
the learning experience and provides a context for the role-play.

3.7.2. Typical Interactions

In a Role-Playing World, interactions are central to the experience, offering a rich and
complex blend of storytelling, character development, and social dynamics [127]. These
virtual worlds are designed to allow users, often learners or players, to step into the shoes
of characters in a simulated environment, embodying roles that differ from their real-life
personas. The essence of these interactions is the immersive experience that comes from
engaging with the narrative, other characters, and the world itself [128].

At the heart of a Role-Playing World is the narrative [129]. Players are often presented
with a storyline that unfolds as they progress through the game. Interactions within this
narrative context are crucial for driving the story forward. Players make decisions that
influence the outcome of events, engage in dialogues that reveal more about the plot and
characters, and undertake missions or quests that are integral to the storyline. The narrative
is not just a backdrop but is actively shaped by the players’ choices, making each player’s
experience unique.

Character interaction is another key aspect of these worlds. Players often interact
with a range of NPCs, each with their own backstories, personalities, and roles within the
narrative. These interactions can range from simple information exchanges to complex
negotiations or conflicts, depending on the nature of the game and its storyline. Players
also develop their characters over time, gaining skills, knowledge, and equipment, which
in turn affects how they interact with the world and other characters.

Social interaction between players is also a significant component of Role-Playing
Worlds, especially in multiplayer formats. Players often form groups or alliances to tackle
challenges together, share resources, and strategize. This collaborative aspect mirrors
real-life social interactions and requires players to develop communication, teamwork, and
sometimes leadership skills. Moreover, these social interactions often extend beyond the
confines of the game, fostering communities where players discuss strategies, share stories,
and form lasting relationships.

Role-Playing Worlds can be powerful tools for learning. They provide a safe space for
players to experiment with different roles, understand diverse perspectives, and practice
skills in a simulated environment. The immersive nature of these worlds also makes
learning more engaging and memorable. For instance, in an educational setting, students
might role-play historical figures, engage in simulated business negotiations, or explore
scientific concepts through character-based scenarios.

Figure 4 illustrates the complex interactions within a Role-Playing World. It encom-
passes the student’s engagement with the role-playing interface, the scenario engine’s
role in managing the simulation, the character database’s function in assigning roles, the
instructor’s involvement in providing guidance, and the feedback mechanism’s role in eval-
uating performance and providing debriefing. This cycle of interaction, decision-making,
and reflection encapsulates the dynamic and educational experience of role-playing in a
virtual environment.
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Figure 4. Typical interactions in Role-Playing World.

3.7.3. Educational Applications

Role-Playing World in an educational context refers to virtual environments where
students assume specific roles and engage in activities or scenarios that mimic real-life situ-
ations, historical events, or fictional settings. This approach is widely used for experiential
learning, where students learn by doing and reflecting on their experiences. Here, are some
real-world examples of Role-Playing Worlds used in education:

Second Life has been used extensively in higher education for role-playing activities.
For example, nursing students might role-play as healthcare providers in a virtual hospital
to practice patient care [130], or language students might immerse themselves in a virtual
environment where they must speak a foreign language [131].

Medical and nursing schools use role-playing simulations extensively. Students may
role-play as doctors, nurses, or other healthcare professionals [132,133] to practice diag-
nosing and treating patients in a simulated environment, often with actors playing the
roles of patients. Virtual History Field tools, like RobotLAB VR Expeditions 2.0 or BBC’s
Civilisations AR, enable students to take virtual trips to historical sites, where they can
role-play as explorers or historical figures to learn about different cultures and eras.

3.7.4. Educational Affordances

Role-Playing World offers a unique set of affordances that can greatly enhance the
learning experience. These affordances make it a powerful tool for teaching a wide range
of subjects and skills. Table 5 presents a comprehensive discussion of these affordances.

Role-Playing World offers a dynamic and engaging way to learn, allowing students to
actively participate in their learning process, understand different perspectives, and apply
theoretical knowledge in practical, often complex, scenarios. This approach is particularly
effective in fostering soft skills, critical thinking, and a deeper appreciation of various
subjects. However, its effectiveness is contingent upon careful planning, resource allocation,
and skilled facilitation.
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Table 5. Affordances of Role-Playing in Education.

Affordance Description

Contextual Learning By situating learners in a specific context or scenario, role-playing helps in
contextualizing the learning content, making it more relevant and easier
to understand.

Empathy and
Perspective-Taking

Assuming different roles allows students to see the world from varied
perspectives, fostering empathy and understanding for different viewpoints.

Communication Skills Role-playing scenarios often require students to communicate effectively,
negotiate, and express their ideas clearly, which enhances their verbal and
non-verbal communication skills.

Collaboration and
Teamwork

Many role-playing activities require teamwork, teaching students how to work
effectively in groups, resolve conflicts, and collaborate towards common goals.

Cognitive Skills Role-playing often involves complex scenarios requiring analysis,
decision-making, and problem-solving, thus enhancing cognitive skills.

Creative Thinking The open-ended nature of many role-playing activities encourages creative
thinking and innovation.

Emotional Intelligence Participating in emotionally charged scenarios can help students in recognizing
and managing emotions, both their own and others’, thereby improving their
emotional intelligence.

Interdisciplinary Learning Role-playing can integrate various disciplines, allowing students to explore
connections between different fields of study.

Adaptability to Learning
Styles

This approach can be adapted to suit various learning preferences, whether
visual, auditory, or kinesthetic.

Application of Theoretical
Knowledge

Role-playing provides an opportunity for students to apply theoretical concepts
in practical settings, bridging the gap between theory and practice.

Developing Soft Skills Role-playing helps students develop communication, negotiation, leadership,
and teamwork skills. It encourages active listening and empathy by requiring
students to understand and portray different perspectives.

Understanding Complex
Concepts

By acting out scenarios, students can better grasp complex social, political,
economic, or scientific concepts. It allows them to see the practical implications
of theoretical knowledge.

Engagement and
Motivation

Role-playing activities captivate students’ attention by immersing them in
interactive and often emotionally engaging scenarios. This heightened
engagement can lead to increased motivation and interest in the subject matter.
It makes learning more dynamic and memorable.

3.8. Collaborative World
3.8.1. Collaborative World: Definition and Key Elements

Collaborative World, in an educational context, refers to a virtual environment de-
signed to foster collaboration among students [134]. In these worlds, the emphasis is on
group projects, teamwork, and collective problem-solving. This approach to learning lever-
ages the power of social interaction and peer-to-peer engagement to enhance educational
outcomes.

Key elements of a Collaborative World are as follows:

• Team-Based Structure: The fundamental structure of a Collaborative World is built
around teamwork. Students are grouped into teams and must collaborate to achieve
common goals.

• Shared Goals and Objectives: The tasks and challenges presented in these worlds
require a collective effort to accomplish. Goals are designed in a way that they cannot
be achieved by individuals working alone.

• Interactive and Shared Environment: The world provides an interactive space where
students can communicate, share resources, and work together. This environment is
often virtual, allowing for real-time collaboration regardless of physical location.
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Collaborative World offers a dynamic and interactive platform for education, em-
phasizing teamwork, communication, and collective problem-solving. This approach is
highly relevant in today’s interconnected world, preparing students not only with academic
knowledge but also with essential social skills and global perspectives.

3.8.2. Typical Interactions

In a Collaborative World, the nature of interactions is fundamentally anchored in
cooperation, teamwork, and shared experiences [135]. These virtual environments are
designed to foster collective effort, where participants, often learners or players, engage
in activities that require collaboration to achieve common goals. This setting is ideal
for educational and professional training purposes, as it mirrors real-life collaborative
scenarios, providing a rich context for developing social and cognitive skills.

One of the primary modes of interaction in a Collaborative World is through group
tasks or projects. Participants are usually required to work together to solve problems,
complete tasks, or achieve objectives. These activities demand a range of collaborative skills,
including effective communication, joint planning, and resource sharing. For instance, in an
educational Collaborative World, students might work together on a scientific experiment,
a historical research project, or a creative art piece. The success of these endeavors hinges
on the ability of group members to coordinate their efforts, communicate clearly, and
leverage each other’s strengths [136]. As participants work together, they engage in
continuous dialogue to share ideas, provide feedback, and make collective decisions. The
exchange of ideas in such a collaborative setting can lead to deeper understanding and
more innovative solutions than what might be achieved individually. These projects often
require interdisciplinary knowledge, encouraging students to draw on different subject
areas and integrate diverse skills. This interdisciplinary approach not only enriches the
learning experience but also prepares students for the complexity of real-world problems.

Feedback and reflection are also integral to the collaborative process [137]. Participants
receive feedback not only from the system or facilitators but also from their peers. This
peer-to-peer feedback is valuable for learning and improvement, as it provides diverse per-
spectives and insights. Moreover, reflecting on the collaborative process helps participants
understand the dynamics of teamwork, recognize the value of diverse contributions, and
learn from both successes and challenges.

The use of digital tools and resources is another hallmark of Collaborative Worlds.
These tools facilitate collaboration by allowing participants to share documents, create
digital artifacts, and access a wealth of information [138]. The integration of these tools into
the collaborative process enhances productivity and creativity, as participants can easily
share and build upon each other’s work.

Figure 5 illustrates the complex interactions within a Collaborative World. It covers
the student’s engagement with the collaborative interface, group collaboration system,
communication tools, task management, and feedback systems. The diagram includes
cycles of collaboration, individual contributions, project submission, and reflective practice,
highlighting the dynamic and interactive nature of learning in a Collaborative World.

Collaborative Worlds offer a dynamic and interactive platform for cooperative learn-
ing and working. The interactions in these environments are characterized by teamwork,
communication, negotiation, and shared problem-solving. Through these collaborative
experiences, participants develop essential social and cognitive skills that are valuable in
both academic and professional contexts. The use of digital tools and resources further en-
hances these interactions, making Collaborative Worlds an effective and engaging medium
for collaborative education and training.
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Figure 5. Typical interactions in Collaborative World.

3.8.3. Educational Applications

Collaborative World in an educational context, refers to virtual environments or
platforms designed to foster collaboration among students. These worlds are increasingly
being used in education to simulate real-world scenarios and to provide a dynamic space
for group learning, problem-solving, and project-based activities. Here, are some real-world
examples of Collaborative Worlds used in education:

Atlantis Remixed (formerly known as Quest Atlantis) is a 3D multi-user, alternate
reality game that blends a fantasy narrative with educational tasks. It is designed to engage
students in meaningful inquiry on a variety of topics. Collaboration is fostered through
missions and quests that students complete together [139].

CivilizationEDU is an educational adaptation of the popular strategy game “Civiliza-
tion”. Students work together to build civilizations from the ground up, learning about
history, geography, government, and economics in the process [140].

Foldit is an online puzzle video game about protein folding [141]. It involves players
collaboratively solving puzzles to fold protein structures correctly. It is used in biology and
biochemistry education, contributing to actual scientific research.

Another example is a digital puzzle game organized by the lecturers at Kaunas Uni-
versity of Technology (KTU), covering a section of the ‘Mathematics 2’ university course.
The puzzles are designed to review all knowledge related to integrals, including indefinite
integrals, definite integrals, improper integrals, and double integrals [142]. The objective is
to complete all challenges and puzzles within 100 min. One puzzle example is presented
in Figure 6.

Figure 6. Puzzle example gamified lecture at KTU.
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3.8.4. Educational Affordances

Collaborative World in education refers to virtual environments specifically designed
to facilitate collaboration among learners. These worlds offer unique affordances that
support and enhance group-based learning activities. These affordances are summarized
in Table 6.

Table 6. Affordances of Collaborative Worlds in Education.

Affordance Description

Facilitates Group
Communication

Collaborative Worlds offer platforms (like chat rooms, video conferencing, and
shared digital workspaces) that enable seamless communication among students,
essential for effective teamwork.

Supports Diverse
Interaction Styles

These environments cater to different interaction styles, accommodating students
who might be less inclined to participate in traditional classroom settings.

Social Learning By encouraging discussion and exchange of ideas, these worlds foster social
learning, where students learn from each other’s experiences and perspectives.

Project-Based Learning Collaborative Worlds are ideal for project-based learning, where students
undertake complex projects that necessitate collaboration, planning,
and execution.

Interdisciplinary
Approach

These environments integrate various subjects and skills within a single project.

Distributed Leadership Collaborative Worlds often allow for rotating leadership roles, giving students the
opportunity to lead and follow in various contexts.

Peer-to-Peer Learning These environments promote peer-to-peer learning, where students can mentor
and support each other, often leading to deeper understanding and retention
of knowledge.

Real-World Relevance Many collaborative tasks are designed to mimic real-world challenges, making
learning more relevant and engaging.

Critical Thinking The need to evaluate information, discuss, and reach consensus promotes critical
thinking skills.

Digital Literacy Working in Collaborative Worlds naturally enhances students’ digital literacy
skills—an essential competence in the modern world.

Communication Skills Effective communication is crucial in these worlds. Students learn to express their
ideas clearly and listen to others’ viewpoints.

Innovative Use of
Technology

These environments often leverage cutting-edge technology, such as VR and AR,
to create more immersive and effective collaborative experiences.

Overcoming
Geographical Barriers

Collaborative Worlds enable students from different geographical locations to
work together, broadening educational opportunities.

Teamwork
Development

Students develop essential teamwork skills, including cooperation, negotiation,
conflict resolution, and shared decision-making. They learn to work effectively in
diverse groups and often rotate roles to experience different aspects of teamwork.

Problem-Solving Collaborative Worlds present complex problems that require creative thinking
and collective problem-solving skills.

Real-time Interaction Advanced technologies enable real-time interaction and collaboration, enhancing
the immediacy and impact of the learning experience.

Increased Engagement The interactive nature of Collaborative Worlds can lead to higher levels of student
engagement, as learners often find collaborative activities more enjoyable
and rewarding.

Motivation through
Community

Working in a team can create a sense of community and belonging, which can be a
strong motivational factor for students.

Collaborative World in education provides a rich array of affordances that enhance
learning through interaction, collaboration, problem-solving, and the use of technology.
These environments prepare students for the collaborative nature of the modern workplace
and a globally connected world. However, their success depends on effective facilitation,
equitable participation, and robust technological infrastructure.
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3.9. Comparison of the Worlds

To summarize, these worlds are grounded in their unique focus areas:

• Adventure World is defined by its narrative-driven entities and quest-based interactions.
• Simulation World is characterized by its realistic mimicry of real-world entities and

processes.
• Creative World is distinguished by its emphasis on creativity and design in both

entities and interactions.
• Role-Playing World is set apart by its role-specific entities and scenario-driven interactions.
• Collaborative World is defined by its focus on teamwork and cooperative entities and

interactions.

4. Evaluation

For evaluation, we employ four frameworks: Theory of Inventive Problem Solv-
ing (TRIZ) [13], Concept-Knowledge (C-K) theory [14], Structure-behavior-function (SBF)
modeling [15], Framework for 21st Century Learning (P21) [16] and Universal Design for
Learning (UDL) [17].

4.1. TRIZ

TRIZ, or the Theory of Inventive Problem Solving, is a systematic approach developed
to understand and solve complex problems and encourage innovation [13]. Originating
from a comprehensive analysis of patents and inventions, TRIZ is based on the idea that
the evolution of systems is governed by certain principles and patterns. Although TRIZ
was initially developed for engineering and technological problem-solving, its principles
are versatile and can be effectively applied to evaluate and enhance educational systems.

At the core of TRIZ is addressing and resolving contradictions without compromise,
which in an educational context, could mean finding solutions that enhance learning
outcomes without increasing workload or resource demands. For instance, the TRIZ
principle of ideality, which focuses on maximizing the desired functions of a system while
minimizing harmful or undesired effects, could be used to develop educational strategies
that maximize student engagement and learning, while reducing stress and workload.

Another key aspect of TRIZ is the use of inventive patterns and analogies. This
involves looking at solutions from other fields and adapting them to the current problem.
In education, this could mean borrowing successful strategies from business management or
technology to innovate teaching methods, curriculum design, or assessment models. TRIZ
also emphasizes the prediction and anticipation of system evolution, allowing educators
and administrators to foresee future challenges and opportunities in the education sector.
This forward-thinking approach encourages the continuous adaptation and evolution of
educational systems, ensuring they remain relevant and effective in the face of societal and
technological changes.

Functionality is another TRIZ principle, focusing on understanding and improving
each component’s role within a system. Applying this to education could involve analyzing
and enhancing various aspects of the learning process, such as instructional methods,
learning materials, and student-teacher interactions, to improve the overall effectiveness of
the educational system.

Table 7 outlines how each virtual world type aligns with key TRIZ principles, high-
lighting their unique features and educational advantages. The categories of Ideality,
Contradiction Resolution, Functionality, and Adaptability provide a framework for com-
paring these virtual worlds in the context of inventive problem-solving and innovation,
which are central to the TRIZ methodology.
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Table 7. Comparison of Virtual World Types Using TRIZ Principles.

TRIZ
Principle

Adventure
World

Simulation
World

Creative
World

Role-Playing
World

Collaborative
World

Ideality Engages
students in
story-driven
quests for
immersive
learning

Simulates
real-world
environments
for practical
learning
experiences

Encourages
original
creation and
innovation in
an open
environment

Enables students
to assume roles
to understand
different
perspectives

Facilitates
teamwork and
group
problem-solving
in shared tasks

Contradiction
Resolution

Balances
narrative
enjoyment
with
educational
content

Merges
realistic
simulations
with safe,
controlled
learning
environments

Harmonizes
free
exploration
with structured
learning
outcomes

Combines
fictional role-play
with real-world
applicable skills

Aligns
individual
contributions
with group
objectives

Functionality Offers
contextual
learning
through
guided
adventures

Provides
hands-on
experience in
lifelike
scenarios

Fosters
creativity and
technical skills
development

Enhances soft
skills like
empathy and
communication

Promotes
collaborative
skills and
peer-to-peer
learning

Adaptability Adjusts to
varying
narrative
paths based
on student
choices

Tailors
simulations to
diverse
educational
fields

Supports a
wide range of
creative
projects and
disciplines

Adapts to
different
historical or
fictional settings

Accommodates
diverse team
dynamics and
project goals

4.2. C-K Theory

Concept-Knowledge (C-K) Theory, developed as a framework for innovation [14],
primarily focuses on the interplay between two spaces: the concept space (C) and the
knowledge space (K). In the realm of education, this theory can be instrumental in evaluat-
ing and enhancing educational systems. At its heart, C-K Theory posits that the concept
space is where new ideas and possibilities are generated, regardless of their feasibility.
These concepts challenge existing knowledge, leading to exploration and expansion beyond
current understandings. In an educational context, this translates to encouraging students
to think beyond the conventional curriculum, fostering creativity and innovation. Educa-
tors can use this space to introduce novel ideas or hypothetical scenarios that push students
to think outside the box. The knowledge space comprises established facts, theories, and
practices. It represents the current state of understanding in any given field. In education,
this space is akin to the existing curriculum, teaching methods, and educational resources.
The C-K Theory in education implies a dynamic interplay between teaching established
knowledge and encouraging students to explore new concepts. The process of moving from
the concept space to the knowledge space is where learning and innovation occur. When
a novel idea in the concept space is explored and validated, it expands the boundaries
of the knowledge space. This process is crucial in educational systems, as it encourages
not just the acquisition of existing knowledge, but also the creation of new knowledge. It
promotes a learning culture where students are not mere recipients of information, but
active participants in knowledge creation [143].

Applying the C-K Theory to evaluate educational systems involves looking at how
effectively these systems balance and transition between the concept and knowledge spaces.
It requires an assessment of how well the curriculum encourages creative thinking and
problem-solving, alongside imparting established knowledge. It also involves evaluating
whether the educational environment provides opportunities for students to experiment
with and validate their novel ideas, thereby contributing to the expansion of the knowledge
space. C-K Theory can guide the development of teaching methodologies and curricula
that are more adaptive and responsive to the changing needs of society. It supports a more
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holistic approach to education, where the focus is not only on what is known but also on
what could be known. This approach is particularly relevant in a rapidly changing world,
where the ability to innovate and adapt is as crucial as the knowledge of established facts.

Table 8 outlines how each virtual world type aligns with key aspects of the Concept-
Knowledge (C-K) theory, showcasing their unique approaches to learning and creative
design. It provides a framework for comparing these virtual worlds in the context of
concept development, knowledge integration, and learning facilitation, key components in
the C-K theory.

Table 8. Comparison of Virtual World Types Using C-K Theory.

C-K Theory
Aspect

Adventure
World

Simulation
World

Creative
World

Role-Playing
World

Collaborative
World

Concept
Expansion

Explores
narrative-
driven quests,
expanding the
concept of
storytelling in
learning

Simulates
real-world
scenarios,
broadening the
application of
theoretical
knowledge

Encourages
original
creation,
expanding the
boundaries of
imagination

Engages in role
assumption,
diversifying
understanding
of perspectives

Focuses on
group
dynamics,
enhancing the
concept of
teamwork and
collaboration

Knowledge
Integration

Integrates
knowledge
into a storyline,
facilitating
contextual
learning

Applies
theoretical
knowledge to
practical,
simulated
scenarios

Merges
knowledge
with creativity,
fostering
innovative
thinking

Blends
knowledge
with
empathetic
understanding
through
role-play

Combines
diverse
knowledge sets
within group
projects for
holistic
learning

Creative
Design

Designs
engaging
narratives that
stimulate
curiosity and
exploration

Designs
realistic
simulations for
hands-on
learning
experiences

Provides tools
for creative
expression and
design
freedom

Creates
immersive
roles and
scenarios for
experiential
learning

Designs
collaborative
tasks that
require
collective
creativity and
problem-
solving

Learning
Facilitation

Facilitates
learning
through
exploration
and discovery
in a guided
narrative

Facilitates
experiential
learning
through
realistic
practice and ex-
perimentation

Facilitates
self-directed
learning and
creativity

Facilitates
empathy and
social learning
through role
immersion

Facilitates
cooperative
learning and
knowledge
sharing in
group settings

4.3. Structure-Behavior-Function (SBF) Modeling

Structure-Behavior-Function (SBF) modeling [15] is an analytical framework primarily
used to understand complex systems by decomposing them into their constituent parts.
In the context of evaluating educational systems, SBF modeling offers a structured approach
to analyze how various components of the educational system interact and contribute to its
overall purpose.

The “structure” aspect of SBF refers to the physical and organizational elements of the
educational system. This includes the infrastructure like classrooms, technological tools,
curriculum content, and administrative organization. In evaluating an educational system,
analyzing its structure involves looking at how these elements are organized and how they
physically exist and operate within the system.

The “behavior” aspect pertains to the actions and processes that occur within the
structure of the system. In education, this includes teaching methods, student interactions,
learning activities, and administrative processes. Evaluating behavior in an educational
system involves observing and understanding these actions and processes to determine
how they contribute to or hinder the learning process.

The “function” aspect relates to the purpose or the outcomes of the system. In educa-
tional systems, the function is typically related to learning outcomes, student development,
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skill acquisition, and the preparation of students for future endeavors. When evaluating an
educational system using SBF modeling, the focus is on understanding how effectively the
system achieves its intended functions. This involves assessing the success of the system in
terms of student performance, skill development, and overall educational outcomes.

Using SBF modeling to evaluate educational systems allows for a comprehensive
understanding of how well the system works. By analyzing the structure, it is possible to
determine if the physical and organizational components are well-designed and conducive
to learning. By examining the behavior, insights can be gained into the effectiveness
of teaching methods and learning processes. Finally, by assessing the function, it can
be determined whether the educational system is meeting its goals in terms of student
learning and development. This holistic approach ensures that the evaluation of educational
systems is not just focused on one aspect, like test scores or student satisfaction, but
encompasses a broad view of how different elements within the system contribute to the
overall educational goals. It allows educators, administrators, and policymakers to identify
areas of strength and weakness within the system and to make informed decisions about
where improvements can be made.

Table 9 uses the SBF model to analyze and compare various virtual world types.
Each world’s unique structure supports certain behaviors, which in turn, fulfill specific
educational functions. This SBF perspective provides insights into how these virtual
environments are designed and how they facilitate learning and skill development.

Table 9. Comparison of Virtual World Types Using SBF Modeling.

SBF Aspect Adventure
World

Simulation
World

Creative
World

Role-Playing
World

Collaborative
World

Structure Story-driven
environments
with quests

Realistic
replicas of
real-world
environments
or scenarios

Open-ended,
sandbox-like
environments
for creation

Character-
driven scenarios
with
role-specific
settings

Group-focused
environments
with shared
goals and tools

Behavior Exploration
and interaction
within a
narrative

Practical
application of
skills in a
simulated
setting

Creativity, ex-
perimentation,
and design

Assuming and
acting out
assigned roles

Collaboration,
communication,
and group
problem-
solving

Function Enhances
narrative
understanding
and contextual
learning

Provides
hands-on
experience and
practical skill
development

Fosters
innovation,
creativity, and
technical skill
enhancement

Develops
empathy,
perspective-
taking, and
social skills

Promotes
teamwork,
cooperative
learning, and
collective
intelligence

4.4. Framework for 21st Century Learning (P21)

The Framework for 21st Century Learning, developed by the Partnership for 21st Cen-
tury Skills (P21), is a comprehensive model that outlines the essential skills and knowledge
students need in the 21st century [16]. This framework is grounded in the recognition that
education must evolve to prepare students for the complex challenges of today’s global
and digital world.

Central to P21’s framework is the integration of four critical skill areas, referred to
as the 4Cs: Critical Thinking, Communication, Collaboration, and Creativity. Critical
Thinking involves problem-solving and decision-making skills, essential for navigating an
increasingly complex world. Communication emphasizes the ability to effectively articulate
and share ideas, a crucial skill in a globally connected environment. Collaboration focuses
on the ability to work effectively with diverse teams, highlighting the importance of
teamwork in a globalized society. Creativity encourages innovation and adaptability, skills
that are becoming increasingly important as the pace of change accelerates. The framework
also encompasses other key areas, including information, media and technology skills, and
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life and career skills. It also emphasizes the importance of core subjects and interdisciplinary
themes that reflect the interconnected nature of the modern world.

When used to evaluate educational systems, the P21 framework offers a holistic
view of what constitutes a well-rounded, future-ready education. Rather than solely
focusing on traditional academic achievements, this framework suggests assessing how
well an educational system prepares students to be effective thinkers, communicators,
collaborators, and creators. It advocates for curricula that not only cover core subjects, but
also incorporate critical thinking, problem-solving, creativity, and digital literacy. Moreover,
the framework emphasizes the importance of learning environments that support these
skills. This includes evaluating whether schools provide opportunities for collaborative
project-based learning, integrate technology in meaningful ways, and foster a culture of
innovation and adaptability.

Applying the principles of the P21 framework to evaluate educational systems involves
looking beyond standardized test scores to consider how well students are being prepared
for the complexities of modern life and work. It means assessing whether students are
gaining the skills they need to succeed in a world where change is the only constant, and
where the ability to adapt, learn, and innovate is more critical than ever.

The P21 framework offers a comprehensive model for evaluating and guiding edu-
cational systems. It shifts the focus from traditional academic learning to a more holistic
approach that prepares students for the demands and challenges of the 21st century. This
approach is vital for developing learners who are not only academically proficient but
also capable of thinking critically, working collaboratively, communicating effectively, and
innovating continuously.

Table 10 uses the P21 Framework to analyze and compare various virtual world types
in terms of how they support the development of critical 21st-century skills: Critical Think-
ing, Communication, Collaboration, and Creativity. This comparison provides insights into
the unique educational benefits of each virtual world type, highlighting how they can be
utilized to foster essential skills in learners for the 21st century.

Table 10. Comparison of Virtual World Types in Supporting 21st Century Skills.

21st Century
Skill

Adventure
World

Simulation
World

Creative
World

Role-Playing
World

Collaborative
World

Critical
Thinking

Engages in
problem-
solving
through
quests

Develops
analytical
skills in
realistic
scenarios

Encourages
innovative
thinking in
open-ended
creation

Enhances
decision-
making in
complex
role-play
scenarios

Promotes
evaluative
and strategic
thinking in
group tasks

Communication Facilitates
narrative un-
derstanding
and
expression

Requires
precise com-
munication
in
simulations

Supports
articulation
of creative
ideas

Develops
verbal and
non-verbal
communica-
tion in roles

Enhances
collaborative
communica-
tion skills in
teams

Collaboration Offers oppor-
tunities for
teamwork in
adventures

Encourages
collaborative
problem-
solving in
tasks

Supports
co-creation
and feedback
sharing

Involves
cooperative
strategies in
role
enactment

Focuses on
group
dynamics
and project
management

Creativity Stimulates
imagination
in
story-based
environ-
ments

Fosters
inventive
solutions to
simulated
challenges

Provides a
canvas for
artistic and
innovative
creations

Encourages
imaginative
role
development

Inspires
creative
approaches
to teamwork
challenges
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4.5. Universal Design for Learning (UDL)

The Universal Design for Learning (UDL) framework is a set of principles for cur-
riculum development that gives all individuals equal opportunities to learn [17]. UDL is
based on the insight that a one-size-fits-all approach to education often leaves out learners
with unique needs and backgrounds. The framework addresses this by recommending
flexible instructional materials, techniques, and strategies that empower educators to meet
these varied needs. UDL is structured around three primary principles: Engagement,
Representation, and Action and Expression (see Table 11).

Table 11. Comparison of Virtual World Types Using UDL Principles.

UDL
Principle

Adventure
World

Simulation
World

Creative
World

Role-Playing
World

Collaborative
World

Engagement Engages
students
through
narrative-
driven
exploration
and quests

Provides
hands-on,
risk-free envi-
ronments to
engage with
real-world
scenarios

Fosters
creativity and
innovation
through
open-ended,
sandbox-like
environ-
ments

Engages
students by
taking on
roles and
navigating
through
character-
driven
scenarios

Promotes
engagement
through
teamwork on
common
goals

Representation Offers
diverse
storylines
and
characters to
represent
complex
concepts

Uses realistic
simulations
to represent
theoretical
concepts and
processes

Represents
ideas
through a
variety of
digital
creation tools

Uses
narratives
and
role-specific
challenges to
represent
perspectives

Represents
collaborative
tasks and
objectives
within a
shared
virtual
environment

Action and
Expression

Allows
students to
choose paths
and solve
puzzles,
offering
multiple
means of
action

Supports ex-
perimenting
and manipu-
lation of
variables for
different
outcomes

Encourages
design, build,
and share
projects,
offering
diverse
means of
expression

Allows
decision
making and
problem-
solving
through
role-play,
providing
varied
expression
methods

Facilitates
communica-
tion and
collaboration
tools for joint
problem-
solving

Engagement, the first principle focuses on motivating learners by offering diverse
ways to capture interest and sustain effort and persistence across learning activities. This
principle acknowledges that what excites and engages one learner might not work for
another, emphasizing the importance of providing options that cater to different motiva-
tional drivers.

The second principle, Representation, is about presenting information and content in
multiple formats to address the diverse ways learners perceive and comprehend informa-
tion. This principle recognizes that learners vary in how they process information due to
differences in sensory abilities, cultural and linguistic backgrounds, and learning styles.
By offering information through various media (textual, visual, auditory, and interactive
formats), educators can ensure that all students have equal opportunities to access and
understand the content.

Action and Expression, the third principle, acknowledges that learners differ in how
they navigate learning environments and express what they know. As such, UDL suggests
providing multiple means for action and expression. This can include different tools for
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composition, problem-solving approaches, and options for demonstrating knowledge,
allowing learners to utilize their strengths and preferences in learning tasks.

Evaluating educational systems through the lens of UDL involves assessing how
well these systems incorporate flexibility in engagement, representation, and action and
expression to support the diverse needs of all learners. It entails looking at the curriculum,
teaching methods, assessment strategies, and technologies used to ensure they offer mul-
tiple means of engagement, representation, and expression. An educational system that
aligns with UDL principles is one that is accessible and inclusive, offering personalized
learning paths and reducing barriers to learning for students with a wide range of abilities,
backgrounds, and interests. This holistic approach not only supports learners with disabili-
ties but also enhances the learning experience for all students, fostering a more inclusive
and effective educational environment.

5. Findings and Discussion
5.1. Utilization of Virtual Worlds in Education

The utilization of virtual worlds in education has emerged as a transformative ap-
proach in recent years. These digital environments provide immersive, interactive platforms
where learners can engage with content in a manner that traditional classrooms often cannot
offer [144]. Virtual worlds range from highly structured simulations replicating real-world
scenarios to more open-ended, creative spaces where imagination and innovation take
the forefront. The versatility of these platforms allows for a wide range of educational
applications, from teaching hard sciences through detailed simulations [19], to fostering
soft skills like collaboration and empathy in role-playing settings [83]. These environments
have been effectively used to simulate complex systems, visualize abstract concepts, and
create engaging narratives for deeper learning experiences. Their use has been particularly
beneficial in fields where hands-on experience is crucial but challenging to facilitate in a
physical setting, such as medicine, engineering, and environmental sciences [145].

The emphasis on virtual worlds as a catalyst for innovative teaching and learning
methodologies resonates with the findings of Díaz [18], who advocates for the integration of
virtual worlds with hybrid and mobile learning models to enhance educational accessibility
and engagement. Similarly, the role of virtual worlds in facilitating collaborative learning
experiences is echoed in studies by Griol and Callejas (2017) [146], underscoring the
versatility of virtual environments in nurturing creativity, collaboration, and problem-
solving skills among learners.

In contrast, the work of An (2019) broadens the application of virtual worlds beyond
the confines of the Metaverse, advocating for their potential to engender smart learning
environments that are adaptive, engaging, and personalized [19]. Integrating the metaverse
with natural language processing (NLP) and AI-powered chatbots for education represents
a trend towards creating immersive, interactive learning environments that leverage NLP
to provide personalized, engaging educational experiences in STEM [147]. This perspective
is complemented by research from Gregory et al. (2015) and Dawson et al. (2019), which
delve into the technological and pedagogical barriers to virtual world implementation
in higher education, offering a pragmatic lens through which to view the challenges and
opportunities presented by virtual learning environments [148,149].

5.2. Educational Outcomes

The educational outcomes associated with the use of virtual worlds have been no-
tably positive. Studies have shown that students learning in these environments often
demonstrate a deeper understanding of the subject matter, improved problem-solving
skills, and enhanced memory retention [150]. In role-playing worlds, for instance, students
exhibit a better grasp of historical events and social dynamics by experiencing them from
the inside. Similarly, creative worlds have been found to significantly enhance students’
creativity, technical skills, and ability to innovate. The simulation worlds offer a practical
understanding of complex systems and processes, which is particularly valuable in techni-
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cal and scientific education [72]. These varied learning experiences contribute to a more
comprehensive educational outcome, equipping students with skills and knowledge that
are relevant and transferable to real-world scenarios [19].

5.3. Student Engagement and Interaction

Engagement and interaction are key aspects where virtual worlds offer considerable
advantages. The immersive nature of these environments captures students’ attention and
curiosity, motivating them to explore and learn actively. The interactive elements of virtual
worlds, such as the ability to manipulate objects or navigate through different scenarios,
encourage a more hands-on approach to learning [151]. Moreover, the social aspect of these
worlds, especially in collaborative and role-playing formats, enhances peer interaction and
teamwork. This social interaction is not just limited to within the classroom or institution;
virtual worlds often connect learners from across the globe, fostering a more diverse and
inclusive learning community [152].

5.4. Support for Student Learning Sustainability

Virtual worlds are a powerful educational tool, particularly for teaching concepts
related to sustainability. These interactive environments enable students to visualize
and interact with complex ecological and environmental systems in ways that traditional
classroom settings cannot. For instance, students can simulate the impact of various
actions on ecosystems, climate, and resources, gaining a deeper understanding of the
cause-and-effect relationships inherent in sustainability issues. This experiential learning
approach promotes active engagement, making abstract concepts tangible and relevant to
the student’s own experiences [153,154].

Virtual worlds foster a multidisciplinary approach to learning, integrating aspects of
science, economics, and social studies to provide a holistic perspective on sustainability.
This interdisciplinary method is crucial for understanding the interconnectedness of human
actions and the environment. Students can experiment with different scenarios, such as
implementing renewable energy sources or managing waste, and immediately observe
the outcomes of these choices, which helps develop critical thinking and decision-making
skills focused on long-term sustainability. The integration of knowledge from various
fields through transdisciplinary co-production enhances the learning process by involving
stakeholders in knowledge production, leading to a deeper understanding of sustainability
issues [155]. Additionally, the transdisciplinary approach in sustainability research, com-
bining complex systems theory with reflexive science, supports a deeper integration of
diverse perspectives, crucial for addressing sustainability challenges [156].

Virtual worlds offer an inclusive and accessible learning environment, where students
of diverse backgrounds and abilities can collaborate on sustainability projects, share per-
spectives, and develop solutions collectively. This aspect mirrors real-world processes
and prepares students for future careers in sustainability fields, where teamwork and
collaboration are essential. By engaging in virtual scenarios, students cultivate a sense
of stewardship and responsibility towards the environment. The immersive nature of
virtual worlds evokes emotional responses and builds empathy towards environmental
issues, driving a more profound commitment to sustainable practices in their personal
and professional lives. Studies [157,158] highlight how virtual worlds can foster inclusive
and diverse learning communities, enhancing students’ understanding and commitment
to sustainability.

5.5. Challenges Encountered

Despite their advantages, the use of virtual worlds in education is not without chal-
lenges. One of the primary concerns is the digital divide; unequal access to technology
can create disparities in educational opportunities [159]. Technical issues, such as software
glitches and hardware limitations, can also hinder the learning experience. Additionally,
developing high-quality virtual world content that is both educationally effective and
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engaging can be resource-intensive. There is also the challenge of ensuring that the virtual
interactions and activities are effectively integrated with the educational objectives and
curriculum standards. Another concern is the potential for decreased face-to-face inter-
action, which some educators fear may impact social development and communication
skills [160].

There are concerns regarding the optimal duration for immersion in virtual worlds,
with factors such as cognitive load, physical comfort, and psychological impact which
may have diverse learning effects due to differences in learner psychological types [161].
While specific time limits may vary depending on the individual and context, it is generally
advised to moderate usage to prevent negative effects like virtual reality sickness, eye strain,
or decreased real-world social interactions. Studies have highlighted various aspects of
these challenges, including the adverse effects related to static balance and VR sickness [162],
the influence of personality, sound, and content difficulty on VR sickness [163], and the
effects of immersion and cognitive load on time estimation in VR environments [164].
Educational programs leveraging virtual worlds may recommend breaks and limit session
lengths to ensure a balanced and healthy engagement. The educators should follow
recommendations and guidelines issued by health professionals.

5.6. Implications for Teaching Practice

The integration of virtual worlds in education has significant implications for teaching
practice. Educators must develop new pedagogical strategies that are suitable for virtual
environments. This includes becoming proficient with the technology, understanding how
to facilitate learning in a virtual space, and integrating virtual activities with traditional
teaching methods. There is also an increased need for collaboration among educators, game
designers, user eXperience (UX) designers and IT professionals to create effective and en-
gaging learning experiences. Key studies highlight the importance of this multidisciplinary
collaboration and pedagogical innovation in virtual worlds [72,165].

Game designers contribute by creating engaging and immersive virtual worlds, ensur-
ing the content is both educational and captivating. UX designers play a pivotal role in
ensuring that virtual environments are not only intuitive and engaging but also accessible
to users with diverse needs and abilities. Their expertise in user-centered design principles
enables the development of virtual worlds that are more inclusive, catering to a broad
spectrum of user preferences and requirements, including those of learners with disabili-
ties. This inclusion underscores our commitment to creating educational experiences that
are universally accessible and beneficial to all users. The Unity Experiment Framework
(UXF) is an example of a tool that bridges the gap between game designers and behavioral
scientists, facilitating the creation of immersive educational content [166]. Additionally, the
development of a role-playing game for software project management in a virtual world
exemplifies the collaboration between educators, game designers, and UX designers to
enhance experiential learning and simulate real-life scenarios [83].

Teachers must also be mindful of maintaining a balance between virtual and real-
world interactions and ensuring that the use of technology enhances rather than detracts
from the learning objectives. Furthermore, educators need to be aware of the diverse
needs of their students, providing support for those who may struggle with the transition
to virtual learning environments. This includes understanding the implications of the
digital divide on access to technology and ensuring equitable educational opportunities.
Collaborative efforts between educators, game designers, user experience (UX) designers,
and IT professionals are crucial for creating effective and engaging learning experiences
that cater to a broad spectrum of learner needs [167,168]. The focus on ensuring effective
communication and interaction in virtual learning environments is also highlighted as a
means to support student engagement and mitigate issues related to social isolation and
decreased face-to-face interaction [151].
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5.7. Support for Immersion in Learning

Immersive technologies like VR, AR, and MR significantly enhance learning experi-
ences across different virtual worlds by altering interaction techniques, immersion levels,
and availability (Table 12). VR offers deep immersion, making Adventure and Simulation
Worlds more realistic and engaging. It allows learners to fully immerse themselves in the
environment, facilitating active learning and retention [150]. AR enhances Creative and
Role-Playing Worlds by overlaying digital information onto the real world, supporting
interactive learning and engagement without full detachment from reality. MR combines
the best of both, offering dynamic interactions in Collaborative Worlds by blending real and
virtual elements, enhancing teamwork and problem-solving skills [169]. Each technology’s
unique capabilities cater to specific learning outcomes and accessibility needs, making
them versatile tools for educational innovation.

Table 12. Impact of Different Technologies on Learning in Various Types of Virtual Worlds.

Technology Adventure
World

Simulation
World

Creative World Role-Playing
World

Collaborative
World

VR High
immersion,
enhances
narrative
and
exploration

Detailed
simulations,
realistic
training
scenarios

Creative
freedom with
3D modeling
and design

Immersive
storytelling
and character
interaction

Enhanced
team
collaboration
in a shared
space

AR Real-world
integration,
enhances
discovery
and
engagement

Overlay
simulations on
real
environments,
practical
learning

Augmented
creativity,
interactive
designs in real
space

Interactive
stories in
real-world
settings

Real-world
collaboration
with digital
overlays

MR Combines
real and
virtual,
dynamic
interaction

Hybrid
simulations,
contextual
learning
experiences

Blended
creativity,
interactive with
both digital and
physical
elements

Role-playing
with a mix of
real and
virtual
elements

Collaborative
tasks using
both real and
virtual
objects

5.8. Support for Inclusiveness and Accessibility

The design and deployment of various types of virtual worlds—Adventure World,
Simulation World, Creative World, Role-Playing World, and Collaborative World—in edu-
cation, necessitate a critical approach that foregrounds inclusivity and accessibility from
the outset. Each type of virtual world offers distinct opportunities for learning and engage-
ment, yet their effectiveness hinges on their ability to accommodate diverse learner needs.
Adventure Worlds, with their exploratory narratives, must ensure navigational and sensory
accessibility. Simulation Worlds require clear, adaptable interfaces to suit different learning
styles and abilities. Creative Worlds should offer multiple modalities for expression to cater
to various disabilities. Role-Playing Worlds must support diverse forms of communication
and interaction, allowing all users to participate fully. Lastly, Collaborative Worlds need to
facilitate universal access, ensuring that collaborative tools and platforms are accessible to
everyone, including those with physical, sensory, or cognitive disabilities. Prioritizing these
aspects from the design phase ensures that virtual worlds are truly inclusive, promoting
equal learning opportunities for all students.

This approach ensures that these digital environments cater to a diverse array of
learners, including those with various needs and disabilities. By prioritizing accessibility
and inclusiveness, the development of virtual worlds can foster equitable learning op-
portunities, enabling all students to fully engage with and benefit from these innovative
educational tools. This commitment to inclusivity not only enhances the learning experi-



Sustainability 2024, 16, 2032 33 of 41

ence for individuals with specific requirements but also enriches the educational landscape
for all participants, promoting a more inclusive and accessible digital learning environment.
Efforts like the Accessible Learning Objects [170], and the establishment of processes for ac-
cessible virtual campuses in higher education institutions in Latin America [171], exemplify
the critical importance of inclusivity in the digital learning sphere.

A systematic literature review on the educational potential of three-dimensional multi-
user virtual worlds for STEM education highlights the instructional and technological
affordances of virtual worlds, influencing students’ engagement and participation posi-
tively [72]. Additionally, the integration of virtual reality in K-12 and higher education
emphasizes the potential and challenges of VR-supported instructional design strategies,
focusing on students’ outcomes and performance, alongside the benefits and challenges of
VR technology concerning the analysis of visual features and design elements [172].

5.9. Limitations of the Methodology

The methodological limitations of this study, while inherent to the nature of a literature
analysis, may have influenced the findings. Given the reliance on published sources, the
research outcomes are subject to the availability, scope, and interpretive biases present
within the existing body of work on virtual world environments. Furthermore, the narrative
review approach, although comprehensive, may introduce a selection bias as it depends
on the researcher’s discretion in source selection. Such limitations potentially affect the
generalizability of the results and the depth of analysis regarding emerging trends or less
documented aspects of virtual world applications in education. This constraint emphasizes
the need for future empirical research to validate, extend, and enrich the findings presented.
The critical reflections on the limitations of digital mediums for teaching theoretical disci-
plines like philosophy by Ávila Cañamares [173] and the overview of spatial compression
methods in virtual environments by Vasylevska and Kaufmann [174] provide insights into
the methodological and technical challenges faced in virtual world education.

6. Conclusions

The exploration of virtual worlds in the realm of education has revealed a multitude
of significant findings. Firstly, these environments offer unparalleled opportunities for
immersive and interactive learning experiences. Students in virtual worlds can engage with
content in ways that go beyond traditional educational settings, from participating in lifelike
simulations to engaging in creative and collaborative projects. Such experiences cater to
diverse learning styles and preferences, fostering a more inclusive and engaging educational
landscape. The immersive nature of these environments, coupled with the interactive and
often game-like elements, has been shown to capture students’ attention more effectively
than conventional teaching methods. This heightened engagement is crucial in facilitating
deeper learning and retention of knowledge. Another key observation is the broad spectrum
of skills that students develop in virtual worlds. These range from technical skills, such as
coding and digital design in creative worlds, to soft skills like empathy, communication,
and teamwork in role-playing and collaborative environments. This comprehensive skill
development prepares students not only academically but also equips them with essential
competencies for their future careers and personal lives. However, the use of virtual worlds
in education is not without its challenges. The effectiveness of virtual worlds in achieving
educational objectives depends largely on how well they are integrated into the broader
curriculum and aligned with teaching goals.

Based on our findings, we provide the following answer to our research question:
various types of virtual worlds significantly enhance learning experiences and outcomes by
providing immersive, interactive platforms that foster a deeper understanding of subject
matter, improve problem-solving skills, and enhance memory retention. Specifically, they
support the development of critical 21st-century skills by offering environments where
learners can engage in lifelike simulations, creative and collaborative projects, cater to
diverse learning styles, and foster inclusivity. This comprehensive skill development



Sustainability 2024, 16, 2032 34 of 41

prepares students for future careers and personal life, demonstrating the potential of virtual
worlds to revolutionize education with unique and engaging learning experiences.

Given the findings and the emerging nature of virtual worlds in education, several
recommendations for future research can be outlined. First, there is a need for more compre-
hensive studies that investigate the long-term impact of learning in virtual environments.
Research should focus on how skills and knowledge acquired in these settings translate into
real-world applications and how they compare to traditional learning outcomes. Future
research should also delve into the development of theoretical frameworks, pedagogical
strategies and best practices for integrating virtual worlds into the existing curriculum [175].
This includes exploring methods for effective facilitation, assessment, and ensuring align-
ment with educational standards. As technology continues to evolve, ongoing research
is needed to explore new possibilities and innovations in virtual world platforms. This
includes the potential integration of emerging technologies such as artificial intelligence,
and how they can further enhance educational experiences. Virtual worlds hold immense
potential for revolutionizing education, offering unique and engaging learning experi-
ences. However, realizing this potential requires careful consideration of the challenges
and continued research to optimize these environments for educational use. As technology
advances, so too must our understanding of how best to utilize these digital landscapes for
the benefit of learners now and in the future.

Future works will include comprehensive investigations into the long-term impacts
of learning within virtual environments. Key areas for future research include examining
how skills and knowledge acquired in virtual settings translate to real-world applications
and how they compare to traditional learning outcomes. Additionally, we will focus on the
development of theoretical frameworks, pedagogical strategies, and best practices for inte-
grating virtual worlds into existing curricula. This includes exploring effective facilitation,
and assessment methods, and ensuring alignment with educational standards. As tech-
nology evolves, ongoing research is crucial to explore new possibilities and innovations
in virtual world platforms, including the potential integration of emerging technologies
such as AI to further enhance educational experiences. The overarching goal is to optimize
these virtual environments for educational use, taking into account the challenges and
continuously advancing our understanding to benefit learners now and in the future.
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161. Sidekerskienė, T.; Damaševičius, R.; Maskeliūnas, R. Validation of Student Psychological Player Types for Game-Based Learning

in University Math Lectures. In Proceedings of the Information and Communication Technology and Applications: Third Inter-
national Conference, ICTA 2020, Minna, Nigeria, 24–27 November 2020; Revised Selected Papers 3; Springer: Berlin/Heidelberg,
Germany, 2021; pp. 245–258.

162. Park, S.H.; Lee, G. Full-immersion virtual reality: Adverse effects related to static balance. Neurosci. Lett. 2020, 733, 134974.
[CrossRef]

163. Widyanti, A.; Hafizhah, H.N. The influence of personality, sound, and content difficulty on virtual reality sickness. Virtual Real.
2021, 26, 631–637. [CrossRef]

164. Ghomi, M. The Effects of Immersion and Increased Cognitive Load on Time Estimation in a Virtual Reality Environment. Ph.D.
Thesis, University of British Columbia, Vancouver, BC, Canada, 2018. [CrossRef]

165. Cunningham, T.D.; Lansiquot, R. Modeling Interdisciplinary Place-Based Learning in Virtual Worlds: Lessons Learned and
Suggestions for the Future. In Interdisciplinary Place-Based Learning in Urban Education; Springer: Berlin/Heidelberg, Germany, 2018.
[CrossRef]

166. Brookes, J.; Warburton, M.; Alghadier, M.; Mon-Williams, M.; Mushtaq, F. Studying human behavior with virtual reality: The
Unity Experiment Framework. Behav. Res. Methods 2019, 52, 455–463. [CrossRef] [PubMed]

167. Santos, V.M.R.; Lima, T.; de Medeiros, F.P.A.; Rodrigues, N.; Lira, H.; Silvano, H.L. An Exploratory Analysis on the Perception of
Teachers regarding the Monitoring of Interactions and Activities in the Collaborative Tools of Virtual Learning Environments.
In Proceedings of the 2021 16th Iberian Conference on Information Systems and Technologies (CISTI), Chaves, Portugal, 23–26
June 2021. [CrossRef]

168. Caprara, L.; Caprara, C. Effects of virtual learning environments: A scoping review of literature. Educ. Inf. Technol. 2021.
[CrossRef]

169. Tang, Y.M.; Au, K.; Lau, H.; Ho, G.; Wu, C.H. Evaluating the effectiveness of learning design with mixed reality (MR) in higher
education. Virtual Real. 2020, 24, 797–807. [CrossRef]

http://dx.doi.org/10.1007/s12564-016-9467-0
http://dx.doi.org/10.4018/IJVAR.2017010103
http://dx.doi.org/10.32604/cmes.2023.046692
http://dx.doi.org/10.1504/IJSMARTTL.2019.097951
http://dx.doi.org/10.1007/s11423-018-9581-2
http://dx.doi.org/10.1504/IJSMILE.2016.075038
https://doi.org/10.1145/3304221.3319743
http://dx.doi.org/10.3390/su11041027
http://dx.doi.org/10.1080/15578771.2018.1525445
http://dx.doi.org/10.1016/j.futures.2014.11.001
http://dx.doi.org/10.1016/j.futures.2014.02.002
http://dx.doi.org/10.22329/jtl.v16i2.6947
http://dx.doi.org/10.14705/rpnet.2021.53.1288
http://dx.doi.org/10.1109/TALE.2016.7851796
http://dx.doi.org/10.1386/jgvw.11.1.29_1
http://www.ncbi.nlm.nih.gov/pubmed/38406236
http://dx.doi.org/10.1016/j.neulet.2020.134974
http://dx.doi.org/10.1007/s10055-021-00525-2
http://dx.doi.org/10.14288/1.0372785
https://doi.org/10.1007/978-3-319-66014-1_7
http://dx.doi.org/10.3758/s13428-019-01242-0
http://www.ncbi.nlm.nih.gov/pubmed/31012061
https://doi.org/10.23919/CISTI52073.2021.9476387
http://dx.doi.org/10.1007/s10639-021-10768-w
http://dx.doi.org/10.1007/s10055-020-00427-9


Sustainability 2024, 16, 2032 41 of 41

170. Ingavélez-Guerra, P.; Robles-Bykbaev, V.; Perez-Muñoz, A.; Hilera-González, J.; Otón-Tortosa, S.; Campo-Montalvo, E. RALO:
Accessible Learning Objects Assessment Ecosystem Based on Metadata Analysis, Inter-Rater Agreement, and Borda Voting
Schemes. IEEE Access 2023, 11, 8223–8239. [CrossRef]

171. Sánchez Vásquez, F.; Pérez-Arriaga, J.C.; Contreras Vega, G.; Luján-Mora, S.; Otón Tortosa, S. Towards the Implementation
Process of Accessible Virtual Campuses in Higher Education Institutions in Latin America. Appl. Sci. 2022, 11, 5470. [CrossRef]

172. Pellas, N.; Mystakidis, S.; Kazanidis, I. Immersive Virtual Reality in K-12 and Higher Education: A systematic review of the last
decade scientific literature. Virtual Real. 2021, 25, 835–861. [CrossRef]

173. Ávila Cañamares, I. La clase virtual. Notas para una fenomenología de la presencia. Ideas Y Valores 2021, 70, 157–175. [CrossRef]
174. Vasylevska, K.; Kaufmann, H. Compressing VR: Fitting Large Virtual Environments within Limited Physical Space. IEEE Comput.

Graph. Appl. 2017, 37, 85–91. [CrossRef]
175. Song, C.; Shin, S.Y.; Shin, K.S. Exploring the Key Characteristics and Theoretical Framework for Research on the Metaverse. Appl.

Sci. 2023, 13, 7628. [CrossRef]

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.

http://dx.doi.org/10.1109/ACCESS.2023.3234763
http://dx.doi.org/10.3390/app12115470
http://dx.doi.org/10.1007/s10055-020-00489-9
http://dx.doi.org/10.15446/ideasyvalores.v70n176.94174
http://dx.doi.org/10.1109/MCG.2017.3621226
http://dx.doi.org/10.3390/app13137628

	Introduction
	Related Work
	Virtual Worlds in Education
	Methodology
	Background and Concepts
	Selection for Analysis
	Adventure World
	Adventure World: Definition and Key Elements
	Typical Interactions
	Educational Applications
	Educational Affordances

	Simulation World
	Simulation World: Definition and Key Elements
	Typical Interactions
	Educational Applications
	Educational Affordances

	Creative World
	Creative World: Definition and Key Elements
	Typical Interactions
	Educational Applications
	Educational Affordances

	Role-Playing World
	Role-Playing World: Definition and Key Elements
	Typical Interactions
	Educational Applications
	Educational Affordances

	Collaborative World
	Collaborative World: Definition and Key Elements
	Typical Interactions
	Educational Applications
	Educational Affordances

	Comparison of the Worlds

	Evaluation
	TRIZ
	C-K Theory
	Structure-Behavior-Function (SBF) Modeling
	Framework for 21st Century Learning (P21)
	Universal Design for Learning (UDL)

	Findings and Discussion
	Utilization of Virtual Worlds in Education
	Educational Outcomes
	Student Engagement and Interaction
	Support for Student Learning Sustainability
	Challenges Encountered
	Implications for Teaching Practice
	Support for Immersion in Learning
	Support for Inclusiveness and Accessibility
	Limitations of the Methodology

	Conclusions
	References 

