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Abstract—This research full paper describes a conceptual
framework for classifying the interaction design of immersive
Desktop Virtual Worlds Learning Environments (DVWLEs). The
increasing affordability of internet bandwidth and computer
graphics processing power is making DVWLEs a promising
option for next-generation online learning platforms. These
environments offer advantages for widespread adoption, partic-
ularly for learners and institutions lacking access to expensive
Virtual Reality (VR) hardware and devices. DVWLEs facilitate
immersive learning experiences through interactive simulations,
3D modeling, and real-time spatial collaboration across various
engineering and computing disciplines. Unlike traditional online
platforms that rely primarily on text, images, and videos,
DVWLEs leverage the power of 3D spatial characteristics to
create a more tangible and interactive learning environment,
potentially leading to enhanced understanding, knowledge re-
tention, and increased student engagement. Research suggests
that two fundamental characteristics differentiate DVWLEs from
conventional online platforms and significantly impact student
learning: a sense of place and a sense of presence. A sense of place
refers to the feeling of being located within a meaningful space,
while a sense of presence conveys the feeling of being truly ”there”
within the virtual world. These characteristics effectively promote
spatial and immersive active learning. The framework builds
upon these core characteristics, categorizing student interactions
within DVWLEs based on the affordances (potential actions)
provided by the virtual worlds. The elements and principles of
interaction design, including affordances and signifiers (visual
cues), are crucial in shaping the effectiveness of DVWLEs.
Studies consistently show that poorly designed interactions within
DVWLEs can lead to usability issues and unsatisfactory student
experiences. Using successful examples from existing DVWLEs,
this framework offers educators guidelines for creating virtual
classrooms. By enhancing interaction design to cultivate a strong
sense of space and presence, educators can access the full
potential of DVWLEs, leading to more engaging, immersive, and
effective learning experiences that cater to a broad range of
learners and educational disciplines.

Index Terms—online learning, learning environments, virtual
classrooms, desktop virtual worlds, student experiences, interac-
tion design, framework, affordances, signifiers, a sense of place,
a sense of presence

I. INTRODUCTION

Captivated by the prospect of crafting their ultimate world
and facilitating immediate connection, humans have con-
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structed tools to fulfill these aspirations; one such innovation
is virtual worlds (VWs). This technological advancement has
catalyzed a transformation within human social and edu-
cational systems. Within educational systems, this rapidly
evolving technological landscape has shown a paradigm shift,
reshaping how students experience and interact with educators,
fellow peers, educational environments, content, and acquire
knowledge. This transformation is facilitated by creating a
sense of place and a sense of presence for students within
VWs [1].

The concept of virtual environment interaction design has
emerged as a critical focus for the user experience, coordi-
nating the convergence of desired student experiences and the
design of VWs. To enhance these learning experiences in desk-
top VW learning environments (DVWLEs) and promote their
use and adoption, researchers have emphasized the importance
of designing them so that they are interactive, familiar, usable,
accessible and capable of providing an engaging educational
experience for all students [2, 3].

The use and adoption of virtual places implies where, what,
and how students learn. In some ways, this approach is similar
to how designers design physical spaces to reflect the demand
for space multi-usage. In this case, online learning becomes
not only about transferring and delivering information and
knowledge, but also about designing experiences and context
for educational activities [4]. In the field of DVWLEs, there
is a shift from developing learning content to building whole
learning experiences based on exploratory and experiential
learning paradigms rather thank only knowledge- or lecture-
based approaches [5].

The growing emphasis on facilitating seamless learning
experiences that exceed the boundaries of real, virtual, or
imagined spaces poses challenges for educators. They are
expected to curate efficient class interactions and learning
contexts that provide satisfactory educational outcomes for
students. Many educators have been hesitant to adopt VWLEs
as educational tools due to concerns about the challenges of
building and customizing these environments to meet their
diverse pedagogical needs and facilitate class interactions.



Interaction Design of

VWLEs

f

Interactlons wnlh the Interactions with the

Virtual Objects

]

Interactions with the
Avatars

—C =

Uneditable

Communication Obijects

World Features Navigation

Self-

Edllab\e & Buildable
Objects

Students’ Own Avatars Others' Avatars

identification Al-Controlled Avatars

Self-expression Human-Controlled Avatars

Fig. 1: Framework for the Interaction Design of Desktop Virtual World Learning Environments

Additionally, some educators have found it difficult to navigate
the complex design of VWLEs, making it challenging for them
to effectively use these tools [6].

The COVID-19 pandemic has particularly highlighted the
importance of this issue. The unexpected COVID-19 pan-
demic forced educational institutions to migrate to fully online
learning [7]. This crisis revitalized the need for virtual learn-
ing opportunities [8]. However, during that time, it became
apparent that students were not satisfied with their online
learning experiences. For instance, studies indicated that dur-
ing lockdown, virtual classrooms were not well received by
students [9]. However, the pandemic has provided motivation
for adopting and improving VWLE design. It raised awareness
about deficiencies in online technologies, including VWs.

To address these challenges, this research paper develops
and describes an ontological framework for interaction design
in virtual world learning environments. To guide our study, we
focus on two key research questions:

1) What are the primary artifacts of interaction in virtual
worlds?

2) What are the guiding principles for interacting with these
artifacts?

In an effort to find answers to these questions and achieve
our research objective, we developed a framework (Fig. 1) that
provides insights into the design of VWLEs. This framework
systematically organizes the complex interactions inherent in
DVWLEs, to acknowledge the many difficulties educators
encounter teaching in DVWLESs, and the crucial role that inter-
action design plays in shaping students’ learning experiences;
thereby assisting instructors as they build and modify their own
DVWLE. This framework also serves to provide an overview
of potential student interactions within the DVWLEs. We focus
on desktop VWLEs because a significant number of students
worldwide cannot afford virtual reality headsets, and access to
desktop VWLEs is more feasible for them.

Although these interactions can be categorized in different
ways based on the specific design or research objectives or
techniques used, this paper categorizes them based on the

affordances they provide students and educators. To illustrate
each concept and element, we present examples of affordances
and signifiers in different DVWLEs.

This framework represents the key contribution of this
paper. It provides a structured approach for building and
designing effective DVWLEs, guiding educators in under-
standing interactions within DVWLEs. By systematically or-
ganizing the intricate interactions of DVWLEs, it enables the
identification of areas that can be improved and facilitates
the implementation of customized targeted design strategies
customized for creating specific virtual learning environments.

II. BACKGROUND

This section provides definitions of key terminology for
VWs and online learning environments, as well as a brief
overview of interaction types and modalities of DVWLEs.
VWs are shared, multi-user, self-contained, and persistent
virtual environments [10]. Since they resemble the physical
world environments, they create a sense of place and presence
for users [11]. A sense of place refers to an individual’s
cognition, perceptions, usage, and interactions with the places
they occupy. A sense of presence is a feeling of agency, active
engagement, or participation [12]. These unique characteristics
of DVWLEs distinguish them from other online learning plat-
forms. They have the inherent potential to improve students’
learning experiences, outcomes, and overall success [13, 14].

Traditional online educational techniques have primarily
focused on textually-centered interactions with students and
dialogue approaches with instructors as strategies for knowl-
edge transfer. In contrast, immersive DVWLESs provide a sense
of place and presence, offer tailored and customized learning
experiences, develop learner empowerment through increased
involvement and engagement, and allow for more sophisticated
interactions [15].

The research findings also revealed a notable relationship
between place and presence, co-presence, and social presence.
Notably, social presence appeared to have the most signifi-
cant influence on student experiences. These findings provide
valuable insights into the influential factors that influence the



success of VWLE design to enhance students’ experience and
engagement [16].

The concept of “being there” despite physical separation
has captivated practitioners and academics since the advent of
distance education over 150 years ago, when mid-nineteenth-
century English students received courses through the Royal
Post. Technological advancements have progressed to a stage
where students feel almost physically present in virtual class-
rooms (a sense of presence and place). This evolution neces-
sitates further exploration of how virtual world designers and,
subsequently, educators create a sense of place and presence
and how students experience these sensations [17].

In creating a sense of place and presence through interaction
design, intangible elements such as software, services, and
students’ emotions and cognitions intertwine with tangible
components, shaping the educational experience through the
design of digital space [18].

Within DVWLE:s, interaction design shapes students’ expe-
riences through affordances and signifiers [19]. Norman [20]
defines affordance as the perceived relationship between an
object’s properties and the user’s capabilities that determines
how the object can be used. The existence of affordances is
contingent upon the characteristics of both the object and the
agent [20]. Affordances are provided by various cues, known
as signifiers [21].

Today, with the considerable advancement in this area,
DVWLEs have progressed into the domain of immersive
virtual environments, where the realism of the virtual environ-
ment creates a psychological state in which the students view
themselves as autonomous agents with a sense of presence and
co-presence with others within these virtual environments [22].
One of the purposes of replicating real-life learning spaces in
VWs is to provide a familiar atmosphere and environment
for students who are new to VWs or to relate to real-
world expectations and mental models of students [23]. The
representations of the physical worlds in the VWs function as
metaphors, playing a central role in the students’ conceptual
model. The user interface instantiates interface metaphors,
like the desktop metaphor, and allows students to interact
with these representations through human-computer interfaces.
Built upon that, virtual environments, provide students with
further two- or three-dimensional spatial interaction experi-
ences that create the illusion of being immersed in a world
rather than viewing a static image [24]. Building a structured
and meaningful interactive experience and navigation within
DVWLEs necessitates the imposition of distinct forms and
structures, similar to the physical world [25].

The interaction design framework developed by Rogers et
al. distinguishes five types of interactions: conversing, instruct-
ing, manipulating, exploring, and responding [24]. In the field
of DVWLEs design, instructing is the primary interaction
type. The learners instruct the system by typing, clicking, a
combination of function keys, or interactive elements such as
buttons and menu choices. In addition, students’ engagement
in manipulating virtual objects or avatars, such as opening
doors, holding goods, shutting containers, or putting objects,

is considered instructing, as the interactions take place using
a keyboard or a mouse. Similarly, students explore the virtual
environment by navigating the virtual world using either arrow
keys, WASD keys, or a mouse.

Regarding the interaction modalities of DVWLEs, these
platforms primarily incorporate the WIMP (Windows, Icons,
Menus, Pointer) interaction modality. They use the display
screen as the primary output source, often supplemented by
audio and video streaming. DVWLEs also provide multimedia
interaction modality to efficiently support a wider range of
students’ activities in virtual classrooms through affordances
and signifiers [26].

III. FRAMEWORK FOR INTERACTION DESIGN OF DVWLES

In this section, we present our developed framework (Fig.1)
for interaction design of DVWLEs. This framework emerged
from our comprehensive narrative literature review on the
design of interaction affordances in DVWLEs. This framework
involved systematically analyzing and synthesizing findings
from various sources, allowing us to identify recurring arti-
facts, and guiding principles in the design of DVWLE:s.

While other frameworks for interaction design exist in
the literature, such as Rogers et al.’s [24] work mentioned
previously, none specifically addresses desktop virtual worlds.
These existing frameworks often remain at a higher level of
abstraction, leaving a gap in the literature on the specialized
guidance for virtual world environments. Our paper bridges
this gap by introducing a framework tailored to interaction
design in desktop VWLESs. This contribution offers educators
and designers targeted insights for this unique domain, ad-
vancing beyond general interaction principles to address the
specific needs of virtual world education.

In this framework, students’ interactions in the DVWLEs, at
the highest level, fall into three main classifications for inter-
acting with primary artifacts, that is, the world, virtual objects,
and avatars. The following subsections explore the guiding
principles for each of these classifications of interaction design
for DVWLESs in more detail.

A. Interaction with the World

The DVWLE interface, known as the world, encloses all
features, content, and affordances of the virtual world, provid-
ing students with a wide range of interactions within virtual
environments. These interactions include a wide range of
affordances in three categories: interacting with the world fea-
tures, communicating with others, and navigating through the
DVWLEs. The following is a discussion of each subcategory.

1) Interaction with the World Features: Since DVWLEs
are web-based, world features are usually affordances that are
common on web platforms.

Considering the evolution of web development, this com-
mon area includes the transition from text-based environments
to 2D graphical environments and further to 3D virtual en-
vironments, which includes the development of VWs [28].
Several VWSs also have desktop application versions that
may be downloaded and installed. One of the recommended
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effective approaches to mastering VWLE features is to let
students learn them as needed, emphasizing the importance
of a contextual and on-demand learning process.

Fig. 2 provides a visual representation of affordances and
their corresponding signifiers of the world in a virtual class-
room on Gather.Town desktop VWs [27]. The figure depicts
various icons that serve as signifiers for their pertained af-
fordances. For instance, the gear icon represents the settings
option, the chat bubbles icon signifies the affordance of
chatting, and the microphone and camera icons signify the
availability of audio and video chat affordances. Based on
students’ previous familiarity with these icons on the web
platforms, these signifiers help students easily recognize and
perceive the interaction affordances within the DVWLE:s.

2) Navigation: In DVWLEs, students have the ability to
navigate through virtual environments using avatars or through
direct affordances within the world [29]. They can engage
in various forms of navigation, including moving, climbing,
walking, running, sliding, or even flying. The standard method
of navigation in DVWLESs involves using WASD and arrow
keys or a pointing device (e.g., a mouse) [30].

Teleportation is another navigation affordance that is widely
available in DVWLESs. Students can instantly change their lo-
cations by teleporting to various destinations. This affordance
saves students time by eliminating the need to move their
avatars from one location to another on campus. For instance,
students can teleport to specific classrooms or conference
halls by selecting them from a list of available teleportation
destinations.

Fig.3 shows the affordance of teleportation in Virbela VW5
[31], where it is accessible through the menu on the left-hand
side with a label signifier of GO TO.” Clicking on this option
displays a list of available destinations, such as classrooms,
conference halls, and auditoriums, to which students can
teleport instantly.

3) Communication: By facilitating interactions to achieve a
sense of co-presence, the design of immersive DVWLEs aims
to enable socialization and collaboration [32]. In this regard,
a crucial aspect of DVWLEs is to provide learners with the
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Fig. 3: Teleportation- A list of various destinations available
to students to teleport to in a virtual campus in the Virbela
virtual worlds[31].

means to interact with one another and with the instructional
team. The ability to communicate forms the foundation for
student collaboration. Exchanging ideas with peers is critical
for the success of learning efforts, teamwork, and socialization
objectives in a virtual classroom setting [33]. By employing
the ability to communicate with others, students can better
assess and share their acquired knowledge and engage in
critical thinking about their education, ultimately elevating
their learning experiences and outcomes.

Students can communicate with each other and engage in
conversations using public or private audio or video chat
affordances in DVWLEs [34]. In addition to the affordance
of private text chat in the chat box, they provide spatial
affordances for students working in teams, enabling private
audio/video team chatting when their avatars are close to each
other.

Rug or table areas in Gather.Town VWs [27] are examples
of collaboration affordances (Fig.4). Numbered tables or rugs,
along with chair object signifiers placed on rugs or around
table areas, serve as signifiers of these private areas, where the
team can hold discussions. The screens on the tables signify
that students may share their screens for viewing by other team
members. All of these affordances contribute to students’ sense
of co-presence and belonging as members of a team, thereby
improving the overall experience of online team collaboration
[35].

For courses like computer graphics or art classes, students
can collaboratively create 3D objects, post their presentation
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Fig. 4: Rug areas with table and chair signifiers indicating
a private audio/video chat for team working in a virtual
classroom in the Gather.Town virtual worlds [27].

posters on a virtual wall, or exhibit their digital artwork in a
virtual on-campus gallery. Moreover, students may create and
save note card objects in a folder object that they can attach to
their team table or bookshelf object facilitating sharing them
with their fellow teammates. Teams can archive the transcripts
of their conversations to document group communications or
provide records for team members who were unable to attend
a group meeting. In Second Life [36], a tool called Machinima
enables students to record the screen, further enhancing collab-
orations by capturing team activities for members who were
unable to participate in real-time meetings but still wanted to
contribute to team activities [37].

B. Virtual Objects

Two important features of desktop VWs are their affor-
dances for building and editing learning environments. Desk-
top VWs provide instructors and students with the opportu-
nity to build their own customized learning settings. These
VWs offer a library of preset objects, including trees, walls,
bookshelves, and various furniture objects such as interactive
whiteboards, desks, and chairs, that can be combined, manip-
ulated, and customized to build custom-made virtual learning
environments, simulations, and objects.

Collaborative participation in creating virtual learning envi-
ronments is another valuable aspect. Instructors and students
can work together or independently to build and shape the
environment according to their needs, preferences, and course
objectives. This collaborative design process of virtual class-
room settings empowers learners to externalize their knowl-
edge and understand, cultivate a sense of ownership, and active
engagement [29].

In terms of the modifiability of virtual objects, instructors
have the flexibility to determine whether these objects should
be editable or non-editable by students, depending on their
pedagogical goals. For instance, instructors can set a virtual
bookcase or object containing embedded textbooks as non-
editable to preserve the embedded content. On the other hand,
a virtual poster board can be configured to allow students
to display their own posters, providing an opportunity for
creative expression and customization. By enabling students to
engage in edit mode and modify certain objects, virtual worlds
promote active participation and personalization, enhancing
the overall collaborative learning experience [2].

Fig.5 is an example of proximity-based interactive objects
with embedded information that is not editable. By getting
closer to the objects, a notification appears above the objects,
signifying that the object encloses information, and by inter-
acting with it, the information could be disclosed. The text
notification signifier reads “Click here for the list of Spanish-
speaking places” in Spanish. The Spanish text signifies that
students who speak Spanish are the target audience for the
embedded information.

In interacting with the editable virtual objects, customization
and editing affordances of these objects are facilitated through
the model window of each object. By right-clicking on an
object, students can access the model dialog and make the de-
sired modifications. Students can edit various aspects of virtual
objects, such as their orientation, properties, and appearance
characteristics. This includes affordances such as adding,
copying, deleting, rotating, moving, rolling, and tilting objects.
Students also gain additional interactive capabilities by using
their avatars. They can directly manipulate objects by grabbing
and moving them, giving a sense of control and agency [38].
Additionally, certain objects within the virtual environments
can be linked to external websites, expanding the range of class
resources available to students. This integration with external
resources allows students to access additional course-related
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Fig. 5: Interacting with a non-editable (for students) object to
access its embedded information.



information, object models, and relevant materials in various
formats [39]. This provision of relevant resources and imme-
diate access to external information supports students in their
learning process by delivering them valuable supplementary
materials and diverse sources of knowledge [40].

C. Avatars

Avatars can serve as an endorsement or a means of en-
hancing engagement and agency, as well as conveying a
sense of presence for students in virtual classrooms. They
are also used for promoting key educational values and
criteria that contribute to the students’ academic success,
including encouraging collaborative interactions, providing
enjoyment value, offering customized self-identification and
self-expression choices, and promoting inclusion in virtual
classrooms. In addition to enhancing short-term memory re-
tention, the visual component and the potential for real-time
modifications through avatars also enhance students’ individ-
ual and collective creativity [41].

Students exhibit diverse perceptions regarding the role of
avatars in their learning experience. While some students con-
sider avatars solely as tools for interaction with the DVWLEs
and other students, others perceive them as extensions of their
own selves. In any case, the impressions, expressions, gestures,
and appearances of avatars serve as mediums to augment
communication and engagement for students.

1) Students’ Own Avatars: When students enter a world,
they can choose their avatars from a library of avatars pro-
vided by that world [30]. They may switch between first-
person (through their avatar’s eyes) and third-person views of
the surroundings (orthographic). In terms of viewpoints, the
immersive VWs give first-person, egocentric experiences that
leverage students’ virtual movements (e.g., walking, running,
head-turning, etc.) and convey a feeling of agency and embod-
iment [32, 42]. As avatars give students agency in the VWs,
they can express their identity, thoughts, and emotions through
them [43].

a) Self-Identification: Self-identification refers to aware-
ness and acceptance of oneself, forming a distinct image
relative to others, which is crucial for a person’s sense of
adequacy and ownership of their own identity [44].

Self-identification also refers to the feeling and experience
of identifying with one’s own body. In the DVWLEs, avatars
serve as identification agents [45]. DVWLEs facilitate the
customization of avatar appearance, attire, and user names,
allowing students to establish a preferred identification with
their chosen avatar representations, and, in this way, distin-
guish themselves from their peers. This personalization has an
impact on their perceived sense of awareness and the presence
of themselves and others.

In DVWLESs, students could present themselves by their
preferred pronouns and names. No other student in the world
may use this identity. Distinct identities help to establish
accountability and trust [30].

Studies have shown that students can form empathic and
powerful connections with their avatars. For instance, visual

representation and appearance of avatars could stimulate or
hinder students’ cognitive processes, with potentially detri-
mental or beneficial results [46]. Additionally, the quality of a
student’s representation also affects their ability to effectively
engage, collaborate, and communicate with others. Thus, the
default affordances and options for avatar customization and
personalization appear to have a significant impact on student
learning experiences [47].

b) Self-Expression: Self-expression is the capacity to
communicate one’s feelings or intentions. Self-expression con-
tributes to improving sociability and developing interpersonal
skills. In other words, self-expression is one of the fundamen-
tal elements of socialization. One of the ultimate objectives
of education is to enhance students’ sociability; thus, one of
the crucial personality features students need to develop in
their education is how to express themselves [48]. However,
despite the extensive research on this topic, educational insti-
tutions are often preoccupied with the cognitive components of
learning and fail to encourage students’ self-expression during
class activities. Consequently, shy or introverted students who
hesitate or are reluctant to speak up may experience a lack
of confidence and social skills, and their negative outlook and
behavior can impact their entire learning experience [49]. To
mitigate these concerns, DVWLEs facilitate an “open culture,”
encouraging students’ creativity and self-expression through
their avatars [50].

To make it easier for self-expression, the first virtual
environments only had text- or voice-based communication
affordances. They didn’t have avatars or nonverbal cues like
body language and gestures, which made it harder for students
to interact with each other. In recent advances, DVWLEs
have provided affordances that allow students to express their
emotions through gestural expressions of their avatars[51].

For example, Virbela [31] offers affordances for displaying
gestures that signify thinking, confusion, impatience, danc-
ing/joyful, or curiosity, simulating natural human gestures and
facilitating faster and more easily perceived self-expression
and enhanced communications (Fig.6).

On web-based platforms, the smiley face icon is also usually
a signifier of a set of emoji expressions; these visual reactions
signify that students can provide feedback and express their
emotions or reactions using emoji signifiers more efficiently
[52]. These emojis, which function as visual cues, convey
different in-class gestures. For example, the “like” emoji
represents agreement or approval of an opinion or request; the
”question mark” emoji signifies that a student has a question
about the discussion; or the “raised hand” emoji signifies a
request to speak up.

2) Others’ Avatars: In addition to interacting with their
avatars, students in virtual environments also have the option
to engage with avatars controlled by other individuals. We
can classify these interactions into two subcategories: human-
controlled avatars and Al-controlled avatars. Both types pro-
vide students with the opportunity to interact with a range
of individuals or virtual characters within DVWLEs. These
interactions facilitate socialization, collaboration, knowledge
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Fig. 6: Expressing/manifesting self-identity by selecting and
customizing avatars in Virbela virtual worlds [31].

sharing, and the development of interpersonal skills, contribut-
ing to interactive and relational learning experiences. In the
following, we will present examples of affordances for these
interactions.

a) Human-Controlled Avatars: These avatars include all
avatars that are operated by human individuals, including
students, instructional teams, and administrative personnel.
Gather.Town [27] is one of the VWs that provides multiple
such interactions. In Gather. Town [27], students can interact
with other students’ or instructors’ avatars by right-clicking
on them; this opens up a model window including a list of
potential interaction affordances. For instance, for having a
private conversation without a need to enter designated private
chat areas, one interaction affordance is to put the other
students’ avatar in a chat bubble. This affordance enables
students to engage in one-on-one discussions or exchange
information privately.

Additionally, students have an option to follow other stu-
dents’ or instructional team’s avatars by right-clicking on them
or their user names in the list of in-world individuals and
selecting the ”Follow” option. This affordance enables students
to keep track of specific individuals by automatically locating
them and navigating in a virtual environment to get to them,
creating a sense of connection.

So yet, there are a small number of such interactions; a
contributing factor for this matter is maintaining students’
autonomy and preventing its interruption by others. In future
developments of DVWLEs, the design might incorporate ad-
ditional interactions with other avatars, leading to enhanced
collaborative benefits [53].

b) Al-Controlled Avatars: Interacting with Al agents is
one of the emerging interactions that is expanding. Incorporat-
ing emerging interaction modalities and affordances into Al-

controlled avatars is a growing trend in DVWLE design [54].

Al agents can communicate with human-controlled avatars
in a variety of ways, including via text or speech [55]. A
conversational agent is an autonomous system programmed
to simulate human-like behavior and engage in conversations
with humans to achieve specific tasks [56]. Specifically, with
recent advances in LLMs, these intelligent avatars are de-
signed to offer support, guidance, or assistance to users in
virtual environments [57].

Furthermore, within educational environments, Al agents
can seamlessly deliver automated services that closely resem-
ble interactions with human-controlled avatars. They can serve
as teaching assistants, offering responses to student queries,
providing feedback on assignments, delivering instructional
content, and facilitating simulations and learning activities
[58].

IV. DISCUSSION & FUTURE WORK

Desktop virtual world learning environments (DVWLEs)
hold great promise for the next generation of learning settings.
They offer a variety of features that are not available in
other types of instructional tools and platforms. Distinctively,
DVWLEs create a sense of place and presence. By promoting
these senses, the design of DVWLEs enables varied and richer
modes of communication, collaboration, and social interac-
tions among students and instructors. Consequently, students
feel a sense of curiosity, exploration, community, belonging,
embodiment, ownership, and agency, which contribute to their
academic success. Despite these advantages of DVWLEs,
educators face many challenges in building or modifying
learning environments due to their complex interaction design.

To support educators in addressing this significant chal-
lenge, in this paper, we presented an ontological framework
for the design of DVWLES, based on their affordances. In this
framework, we recognized three primary artifacts: the world,
virtual objects, and avatars (the first level in the framework
diagram) with the guiding principles for interacting with these
artifacts (the second and third levels).

While our framework is based on literature review and
aligns with current educational practices in DVWLEs, it has a
limitation: it has not yet been applied to guide future designs.

We partially evaluated the framework by applying it to
analyze the interaction design of existing DVWLEs through
the examples discussed in the section III. To further assess
the framework’s comprehensiveness and practical value, we
will conduct interviews with educators experienced in teaching
DVWLEs. This step will help us evaluate how well the
framework aligns with their DVWLE experiences.

Furthermore, predicated on this framework, our future work
aims to identify and define the design patterns of DVWLEs,
with a particular focus on developing virtual worlds for
educational purposes. These patterns will serve as a reference
guide for designers and educators, providing a foundational
framework for building immersive and effective learning en-
vironments within DVWLEs. We plan to develop patterns for



collaborative learning environments, lab-based digital simu-
lations, and active learning scenarios. By establishing these
design patterns, we aim to help instructors create improved
collaborative and active learning experiences online, increasing
engagement, and improving the overall educational experience
in DVWLEs.
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