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ABSTRACT

Background: 3D-Virtual Reality Learning Environments
(3D-VRLEs)haveproveneffective instimulating studentengagement
in teaching and learning processes. However, some principles
should be considered before introducing and implementing these
learning environments in science education. This paper aims to
document the principles that guide the design and development of
the 3D-VRLE in science education and to draw the implications for
the Omani educational context.

Methods: A design-based research (DBR) methodology was
conducted to gather data using two instruments: literature review
and semi-structured interviews. One specialist developer and two
Subject Matter Experts were selected for interviews using purposeful
sampling. The in-person interviews consisted of seven questions
and a three-hour discussion. The questions were centered on the
technological features of 3D-VRLE applications, the instructional
design process used to develop these educational applications,
and the design principles used in their development. Keywords
used for the literature review included biology, physics, chemistry,
science, DBR, 3D-virtual reality, lab, and learning environment.
Inductive thematic analysis was used as a technique for analyzing
the interview data.

Results: The findings pointed to a systematic and planned design
process for 3D-VRLE in accordance with the ADDIE model. It was
found that the design principles of the 3D-VRLE should include
authentic and instructionally grounded systems, a collaborative and
motivating environment, and student-centered instruction.
Conclusion: 3D-VRLEs may have significant implications for
the teaching of science in terms of the physical arrangement of
classrooms, the way the teacher delivers the topic, the number of
students in the classroom, and the type of technology that needs to
be adopted in schools. This study presented the blueprints required
by Omani science curriculum designers for the design/development
of 3D-VRLE. This allows them to take the initiative in design and
production of relevant learning materials and products and use them

effectively in the educational context of Oman.
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Introduction
Researchers may interpret the 3D-virtual
reality learning environment (later,

3D-VRLE) in different ways (1). It can be
defined as a humanoid computer environment
that creates an authentic immersive
experience by altering objects and digital data
into a displayable and even tangible three-
dimensional world (1-3). Matsui & Terence (4)
demonstrate the use of 3D-VRLE by adapting
it to their purposes or measuring its impact
utilizing current infrastructure and platforms.
They believe that using 3-D simulations,
games, and virtual environments (VEs)
for teaching and learning, has enormous
promise. Furthermore, researchers have also
identified numerous conceivable advantages
of applying virtual reality in classrooms
(5). For example, Sarac (6) and Alper et al.
(7) argue that virtual environments set the
stage for increased performance and a higher
level of learning. Bonner et al. (8) indicate
how virtual reality provides learners with
a special learning experience by enabling
them to interact with numerous situations
at any time and in any place. Another area
of interest in 3D-VRLE research is the
ability to physically explore objects that are
not accessible in reality, allowing learners
to better understand and memorize them
while also reducing learning transfer issues
(9). Although employing a 3D-VLE to
encourage and engage students in learning is
an appealing and valuable endeavor, there are
some principles that must be considered when
introducing and implementing these types of
learning environments in the teaching and
learning processes (1). The basic principles
as presented in many studies are discussed
in this paper (6, 10-12). Therefore, this paper
documents the principles used to guide the
design of 3D-VRLE and draws implications
for the Omani context.

Design  Strategies
3D-VRLE

Design Strategies: Kapp (13) contends
that designers must choose the correct
strategy as a good starting point for creating

and  Principles  of
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meaningful instruction with Virtual Reality.
He suggests that three instructional strategies
must be considered when creating a 3D-VRLE
experience: conceptual orienteering, critical
incident, and operational application. These
strategies are elaborated as follows:

1. The first design strategy is conceptual
orienteering, which entails building a
virtual reality scenario wherein learners
are given examples to help them understand
fundamental concepts.

2. The critical incident is the second
design strategy, which requires students to
learn how to plan or conduct activities that
are unexpectedly risky when implemented in
the actual world.

3. The operational application is the third
design strategy, which entails interacting
with and manipulating objects in order to
achieve competency in functionality and
performance.

Design Principles: Kapp (13) outlines
seven fundamental principles that need to be
designed in any 3D-VRLE to enable learners
to have tangible learning results (Figure 1).

The following points address the above-
mentioned principles:

1. Instructionally Grounded. 1t is critical
for learning to be tailored to meet a proven
educational need, and a learning solution
should be the best and most cost-effective
option to address any shortfalls. This premise
is essential for any instructional intervention.

2. Participant Centered. In a 3D-VRLE
learning experience, the students should be

Instructionally
Grounded

pazisayiuis

=
[}
=
g
{7}
=
(7}
<

Figure 1: VR Design Principles (Kapp, 2017)
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at the center of the learning experience and
the locus of control should shift from the
teacher to the learners. However, Kapp (13)
argues that the designers must construct a
learning experience that blends material and
procedure to the point where the boundary
between learning and doing is practically
unnoticeable.

3. Contextually Situated. The context of
the 3D-VRLE must be real and actionable. At
the same time, it must be circumscribed in such
a way that all students’ learning objectives
are accomplished without being too evident
or difficult. The context of the 3D-VRLE
experiences, in this study, is authentic and
realistic because all the explained examples
in the 3D-lessons are related to the daily life
and learning experiences of students.

4. Action Oriented. 3D-VRLE
experiences need to be centered on action.
Designers must develop an environment in
which the learning objectives are embedded
in a real-world activity. The design suffers
greatly if the student is merely exposed to
a 3D environment without engaging in any
interaction. One should, however, consider
enhancing the VRLE experience with action
and movement. This will encourage learners
to take action and make the necessary and
meaningful movements.

5. Consequentially Experienced. Both
erroneous and correct actions in a 3D-VRLE
experience should have direct, meaningful,
and realistic implications. Students should
be expected to demonstrate their ability
to complete a specific task or challenge in
these environments, and they should be
given feedback on the activities so that they
can improve their performance in future
iterations.

6.Collaboratively Motivated. 3D-VRLE
allows learners to connect and participate,
and this technological achievement must be
turned into a design capability. It should not
be so organized that learners are unable to
participate in learning and contribute to a
collaborative sense-making activity.

7. Reflectively Synthesized. Learning is
only an experience, and only a small amount
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of learning can be achieved without reflection.
The design of a 3D-VRLE must provide time
for reflection, whether instructor-led, peer-to-
peer, or an exercise that requires learners to
reflect at their own pace with an automatic
debriefing.

Study Questions

1. What are the principles that guide the
design of 3D-VRLE?

2.What do these principles imply for the
Omani educational settings?

Study Objectives

The following objectives were pursued in
this study:

A. To document the principles used to
guide the design of 3D-VRLE.

B. To draw implications for the Omani
context.

Methods
The DBR methodology was utilized in this
investigation as described below.

Design-Based Research Approach

As cited in Shattuck and Anderson (14),
DBR is defined by Wang and Hannafin as “a
systematic but flexible methodology aimed
at improving educational practices through
iterative analysis, design, development, and
implementation, based on collaboration
between researchers and practitioners in real-
world settings and leading to contextually-
sensitive design principles and theories”
(pp. 186-187). DBR is commonly used by
researchers who conduct studies in real-world
educational settings, such as classrooms,
to create theory and design principles that
are applicable to that environment (Figure
2). Conducting a rigorous and reflective
investigation to test and enhance innovative
learning environments as well as create new
design principles is one of the key ideas
of DBR.

The first research question was about
exploring the principles that guide the design
of 3D-VRLEs and mapping out a blueprint
for designing them in future. To address that
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Figure 2: DBR Model (McKenney & Reeves, 2013)

question, the researchers followed the cycles
below using the DBR methodology:

Phase 1 of DBR terative cycle: In this
cycle, the researchers document and reflect
on the process of designing, developing
and modifying the 3D-VRLE using the
available literature on the same topic. To
meet the objectives of this research, an
extensive search was carried out to locate
journal articles, books, periodicals, and
accounts in multiple relevant academic fields.
The searched databases included Google
Scholar, Springer, ERIC, EBSCO, Al Mahal,
EduSearch and ProQuest. Search terms
and keywords included biology, physics,
chemistry, science, DBR, 3D-virtual reality,
lab, and learning environment. The total
number of search results stood at 95. These
results were screened and focused, and finally
30 relevant sources were extracted using the
following criteria:

1. Studies that were published in the 1990-
2020 time period.

2. Studies that used samples from a
population in K-12, corporates, or university
settings.

3. Studies that used virtual reality-based
instruction in the form of e-labs, games,
simulation, or virtual worlds.

4. Studies that used DBR design.

5. Studies published in English or Arabic
languages.

6. Studies conducted at school level with a
particular focus on the teaching of scientific
subjects.

Phase 2 of DBR iterative cycle: this cycle
involved three distinct steps:

A. Studying different readily-made
3D-VRLE products in the local market and
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selecting one of them as the best to meet the
instructional design standards and context as
validated by the literary evidence in phase 1.

B. With the help of a panel of experts (one
subject supervisor and four subject teachers)
from the Ministry of Education (MOE),
a simulation based instructional product,
called Eureka® and the contained animated
instructional physics units were reviewed
and selected. The criteria for selecting this
particular product were:

- Curricular similarity to the content
presented in Omani physics subjects.

- Application of the global instructional
design principles.

- Appropriateness for exploring and
presenting the physics concepts interactively.

- Serving as a mini 3D-VRLE physics
laboratory.

- Learners’ ability to employ various
experimental variables in physics and guess
the findings

C. Then, the researchers went further to
investigate this cycle. The 1% author traveled to
India to interview one specialized developer
and two Subject Matter Experts (SMEs) at a
manufacturing company, to glean from their
experiences and ensure that they also had
followed a sound method in the design process
of their products. The company’s developers
were asked certain questions concerning
the recommended design principles and the
ADDIE model in their production processes.
The interview was conducted in person, and
included 7 questions and around 3 hours of
discussion. The questions revolved around the
technological affordances of these 3D-VRLE
applications, the instructional process that
is followed in designing them, the applied
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design principles and the model employed to
evaluate these educational applications. The
following is a description of the study sample
and instrument used in this phase:

L. Population and Sample: The population
of this study was the specialized developers
community at the Indian Eureka© company.
However, only one instructional designer
and two SMEs were interviewed to reflect
on the design process of the 3D-VRLE
learning environments. In order to obtain
relevant and reliable data to support our
work, the researcher selected the respondents
in advance of the research. The purposeful
sampling technique was applied, and the
interviewees were selected based on their
practical experience in developing the
3D-VRLE, as they played a critical role in
the development of the 3D-VRLE product
employed in this study. Using this sampling
technique, the researcher was able to acquire a
better insight into the activities on the ground,
especially from the perspective of the people
directly involved in the production of these
kinds of educational products.

II. Research Instrument: A semi-
structured interview was used to interview
the above sample. The following procedures
were undertaken to design and conduct the
interviews:

Before the actual interviews, an outline
was drafted as a useful guide for the interview
process. The questions were designed by the
researchers with reference to the literature
and reviewed by specialists in the areas
of educational technologies and statistical
measurements for the purpose of editing and
error correction.

- The interviews were planned to investigate
the experts’ opinions about the design and
development of 3D virtual products according
to their experience. Moreover, the interviews
implicitly addressed the design principles
applied in developing 3D-VRLE product and
discussed some of the technological features
of the company’s products.

- The interviews were recorded using a
voice recorder application on a cellphone.

1. Validity: The present study, therefore,
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proposed a blueprint encompassing these
principles and guidelines derived from the
fieldwork based on the following validation
measures:

- The fieldwork was thoroughly conducted
by one researcher.

- The data provided by interviewees was
checked through informal observation by this
researcher.

- Information and principles were isolated
during the interviews in an effort to triangulate
data and ensure the results’ validity.

- Similarity was previously established
between the curricular content of the selected
3D-VRLE and the content of the Omani
science curricula, which increased the results’
transferability.

Phase 3 of DBR iterative cycle: This
phase entails the method of analysis applied
in this research. The SME and instructional
designers’ responses were analyzed using
inductive thematic analysis which involved
reading through the interview data and
identifying patterns across the data. Data were
first transcribed by the researcher (in the form
of audio files), and then they were encoded
and categorized through creating a set of
initial codes that represented the meanings
and patterns of the data. A codebook was
created to keep track of the codes, identify
excerpts and assign them appropriate codes.
Then, the codes were collated with supporting
data, grouped into themes, reviewed, and
followed by the narrative writing. The
narrative went beyond just describing the data
and included the researcher’s own interpretive
analysis and made an argument for the claims
that were presented. This process resulted
in three themes: namely, the design process,
affordances of 3D-VRLE products, and design
principles of 3D-VRLE products.

Phase 4 of DBR iterative cycle: The
researchers finally reflected on and suggested
the implications that best highlight the
3D-VRLE design principles for the Omani
educational context.

The outcome of the DBR approach as
described earlier could be an exemplary
blueprint for other designers, producers, or
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practitioners, in adapting the 3D-VRLE to
their own contexts. In addition, it might have
significant implications for Omani MOE’s
educational plans.

Results

To address the first research question, the
thematic analysis gave rise to three major
themes: a) The Design Process Steps, b) The
Technological Affordances of 3D-VRLE
Products and c¢) Design Principles of
3D-VRLE products. The discerned themes
indicate some issues related to the virtual
educational products: the design stages of
3D-VRLE products, the features of these
products and the design principles guiding
their development process. To present the
findings of this study, the interviewees were
referred to as the following: Subject Matter
Expert-1 (SME1), Subject Matter Expert-2
(SME2) and the Instructional Designer (ID).

- Theme 1: The 3D-VLE Design Process.

Subtheme 1-1: Design process must
focus on students’ needs. When asked about
the reason why it is important to design/
develop such products, all the interviewees
acknowledged that their 3D-VLE products
are designed to address some educational
problems which are either noticed in the
field or derived from previous educational
research. Both SMEs pointed out that the
animated videos and simulations are content-
rich resources. They serve as effective
interactive tools for bridging the gap in areas
where students face cognitive challenges
and, thereby, provide them with a platform
for interactive learning. The participants
agreed that science subjects require strong
visualization and exploratory tools to be
understood. SME2 stressed that: “We see
which topic is important for the curriculum
and from the point of students. Which topic
is difficult for them to understand...?”
Similarly, ID contended: “We look if there
is any particular topic that is difficult to be
absorbed from the learners’ points of view...”.

Subtheme 1-2: Design process requires
benchmarking/mapping. As for starting the
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design process of these products, participants
stated that they figure out which of the topics
are missing in various categories by looking
for particular topics missed or needed globally
through a special process called ‘book or
curricula mapping’. As the ID mentioned:
“... Actually, we design global products, so
we look in different books and in different
curricula around the world to ensure that
this topic is missing”. In addition, one of the
SME:s indicated that the process of looking
for topics helps them to find the coverage
percentage for the defined topic and how
much information a particular topic entails.
In the search process, they usually go from
macro level to micro level in looking for what
they must produce and what is required. Their
activities also encompass the mapping of
topics according to the curricula to match
them with customers’ needs and expectations.
As SME] stated: “We go from macro level
to micro level in looking for what we have to
produce and what is required. This process
is called book mapping and it helps us to
find the coverage so that we define how
much information that particular topic has”.
Moreover, the participants agreed that the
mapping process happens according to the
desired delivery range either for primary,
middle, secondary, or high schools. Based on
the level, they decide how much information
they need to look for (coverage percentage).
The ID said: “We look for the topics in
different sciences and in different books
because we are designing universal products.
We care about the percentage of coverage for
each topic. We refer to different curricula and
various examples are covered in them. This
step is considered the theoretical line before
starting the visualizing line”.

Subtheme 1-3: Design process relies on
teamwork and clear scripting. The SME2
confirmed that big teams of employees
work to design and develop the 3D-VRLE
products in the company. She said: “We have
a team of scriptwriters, designers, modelers,
material guys, animators and programmers.
Each member of this team takes a specific
step in the process of developing the desired
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topic”. She mentioned that each member in
this team is responsible for a specific role
and task. Furthermore, scriptwriters develop
the text materials, designers produce the
graphics and drawings based on the scripts,
modelers make the models, material guys
prepare the materials and make them look
real, animators work with the animation, and
the programmers work with the simulations.
All interviewees stressed that scriptwriting
i1s the most important stage in the design
process because the other stages depend on
it; as SME1 maintained: ‘“After identifying
the topics, basic script is the first step in
the design process. It needs imagination
and ideas. After it is written, then scenarios
(storyboards) are prepared to help the
animators and programmers whose work is
based on these scripts”.

Subtheme 1-4: Design process requires
field evidence. When asked about the
approach that they employ in evaluating their
educational products, the participants argued
thattheyuse customer feedback (Testimonials).
This feedback will then receive permission to
be reported and documented. They assured
customers that they use all that feedback
to measure their products’ effectiveness in
different educational contexts and levels
around the world. They pointed out that all
the products must be tested on a number of
users in order to receive feedback about its
efficiency, and thus, possible modifications
have to be made. In addition, they conduct
research and reports to collect some data
that help them improve their products and
measure its impact on students’ performance
and academic achievement. The SME2 said:
“We have two levels of getting feedback from
our users. The first level is the students’ level
which we apply at the end of each product in
short and interactive quiz form. These quizzes
are used to test if the learners absorb the
knowledge and concepts or not. Also, we use
3D simulations to assess their understanding
of abstract concepts...In the second level, we
have the customer feedback (Testimonials)
to collect and follow what people are saying
about the products. Different users around the
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world are trying our products and share their
experience and feedback with us...”. Also,
the SMEI assured that: ... many research,
reports and projects have been done to
check to what extent the desired educational
outcomes have been achieved, and this covers
different schools globally. These studies
have reported that these products influence
the academic achievement and enhance the
Students’ capacity to understand the concepts
in science and math topics...”.

In summary, it could be stated that the
design and development of the 3D-VRLE
products at this company follow an organized
and systematic process. In fact, these
steps are similar to the steps prescribed in
ADDIE instructional design model. First, an
instructional problem is clarified, delivery
options are identified, and the project’s end
date is already decided. Next, the designers
design the user interface, create the prototype
(models), and apply visual design (graphic
design). Then programmers get to work on
developing the products and debugging them.
They perform two types of evaluations at the
end of the process: formative and summative.
Each stage of the design process includes
formative assessment, and summative
evaluation is accomplished by collecting
feedback from end users using various
technologies.

- Theme 2: The Technological
Affordances of 3D-VRLE Products.
Subtheme 2-1: 3D-VRLE design
supports learning. When the interviewees
were asked about the features and
characteristics of their virtual educational
products, they concurred that their products
make the learning process clearer and easier
for the students because they are designed
to explain the abstract and difficult concepts
and present the knowledge in an interactive
fashion. This view was supported by SME2
who simply stated:” ... Qur reports proved
that all these features increased intrinsic
motivation and engagement for students.
Actually, we can see that when we use our
products in learning, the students perform

Interdiscip J Virtual Learn Med Sci 2021, Vol. 12, No. 4



Al-Amri AY et al.

The Design Principles of 3D-Virtual Reality Learning Environment ...

and absorb it easily”.

Subtheme 2-2: 3D-VRLE design
enhances science lab activities. The
interviewees claimed that the 3D simulations,
which are usually accompanied with each
video they produce, help students to practice,
interact and learn in groups or with peers. As
a result, they enhance collaboration among
learners during the learning process. The
teachers can also perform these simulations
as a replacement for difficult or dangerous
scientific experiments in classrooms. In
addition, SME1 argued that these products
are modelling the concepts and facilitate
the application of acquired knowledge
and skills by making the learning process
realistic and applicable. She said: “We
prepare 3D simulation in each product
which helps students to practice, interact
and learn in groups, and encourage the
collaboration principle in the learning
process...The quiz, also, helps students to
check their understanding and assess their
achievement...”. Furthermore, ID declared
that their 3D-VRLE products can be used
in learning physics because they allow the
full physics concepts to be modelled for
easier understanding of such concepts. He
added: “Actually, we can see when we use our
product in learning, the student performs and
absorbs the instructional assignment easily.
Also, knowledge can remain in their memory
for longer time, and they can perform better
in tests”

- Theme 3: Design Principles of
3D-VRLE Products.

Subtheme 3-1: 3D-VRLE must be
authentic and needs driven. It was agreed in
the interviews that the topics were produced
in response to the educational needs of
the target field, which in turn reflect the
students’ needs. That way, the company
follows a sound design principle as required
in developing such products. This principle
ensures that the virtual products are authentic
and instructionally grounded. In SMET1’s
words: “The contexts of all our topics that
were produced are authentic because they
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are real and noticeable in the educational
field and that makes them related to the
student’s needs.

Subtheme 3-2: 3D-VRLE supports
students’ collaboration and motivation.
The company is working to create virtual
products with attributes that encourage
collaboration and motivate learners to gain
knowledge with interest in their learning
endeavors. The SMEI mentioned that: “We
also care a lot that our products should
encourage collaboration and motivation
among learners”.

Subtheme 3-3: 3D-VRLE promotes
student-centered learning. One SME
explained that these educational products
promote student independence by assigning
them responsibilities and enabling them to
use independent problem-solving skills. This
feature points to another design principle
which is student-centered instruction.

Subtheme 3-4: 3D-VRLE provides
continuous self-assessment. The
interviewees illustrated that 3D-VRLE
products require students to assess their
learning by completing a given task or activity
and providing them with related feedback in
order to help them improve their performance
in an appropriate manner. These activities/
tasks help fulfil some learning objectives in
an indirect way. Also, in reply to a question,
ID asserted that these products force learners
to reflect at their own pace with automatic
debriefing, where some sort of reflection is
required; in this respect, he stated that: “The
learners can control their learning using
the 3d-videos... They can think about their
learning and reflect; so, they are able to get
the knowledge by themselves while using the
simulations... They practice and repeat the
process again and again until they absorb
the knowledge.”

In summary, the above design principles
reflect a combination of basic learning
theories such as cognitive perspectives, social
interdependence, and constructivist learning.
These principles are considered fundamental
to designing 3D-VRLE because they integrate
with each other to improve the effectiveness
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of such environments.

Discussion

It is evident that the interviewees
referred primarily to the instructional
design procedures, vis-a-vis the ADDIE
model in particular, when describing the
3D-VRLE design process followed at their
company. There was consistency between the
participants’ description of the design process
and what is reported in some studies (15-17)
about the steps involved in the instructional
design process, starting with a search for
the topics to be designed and ending with
the processes of deployment and evaluation.
These studies confirmed that developers must
first investigate key educational issues and
set a pedagogical outcome before designing
learning environments that solve such issues
(15). Furthermore, the Agile Learning Design
can be used to meet the requirements for
3D-VRLE, because it incorporates numerous
cycles. Each cycle begins with an issue
analysis and ends with the creation of the
final product. Developers can start testing
and analyzing the efficiency of this part after
it’s finished. If the results are satisfactory, a
new iteration is started; if not, the designer
must take a step back, figure out what went
wrong, and fix it (17).

Further, the characteristics of the
3D-VRLE products appear to be similar to
the affordances and features mentioned in
different previous studies. The participants
identified a set of characteristics of 3D-VLEs
which included: the facilitation of tasks
that result in enhanced representation of
spatial knowledge, more opportunities for
experiential learning, increased motivation/
engagement, efficient collaborative learning
and enriched contextualization of learning.
Indeed, the participants’ responses were
consistent with what was presented in the
literature review in this study (2, 3, 15, 16, 18,
19). These accounts report that 3D-VRLEs
create interactive and realistic learning,
encourage collaborative and practical
activities, and set the stage for performing
unsafe experiential learning tasks in a safe
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environment.

With regard to the design principles
applied in designing 3D-VRLE products,
the interviewees highlighted some of the
points that they considered fundamental in
creating effective learning with their 3D-VR
products. They mentioned that they apply
similar principles to those listed by Kapp
(13) including: authentic and instructionally
grounded materials, collaborative and
motivating elements, student-centered
instruction, and reflectively synthesized
factors.

In reply to the second study question,
the researchers attempted to reflect on
the conclusions drawn from the literature
and interviews to provide guidance for
designing and developing Oman-specific
3D-VRLEs. As stated by McKenney &
Reeves (20), one of the key outputs of any
educational DBR is to come up with design
principles that indicate how to solve specific
difficulties in a variety of settings (p. 19).
These guidelines are considered valuable
to practitioners in the Omani MOE if they
plan to adopt 3D-VRLE labs for sciences and
other subjects in schools. If there is a plan to
integrate 3D-VRLE technology in the Omani
schools, MOE should first apply the specific
design principles by reviewing the current
science curricula and redesigning them
commensurate with these new technologies.
Second, it needs to align the curricular
content with the learners’ needs and desired
objectives of employing these technologies
within the educational processes. Third, the
focus should be placed on a learner-centered
approach, interaction between learners and
teachers, cooperation and communication,
flexibility, improving learning through
feedback, and reliance on technology to
improve learners’ learning performance
during the learning period in a virtual
learning environment. Fourth, automated
feedback and assessments tools should be
appropriately integrated into the 3D-VRLE to
gauge student’s learning based on what they
are experiencing in the VR settings. Fifth,
one needs to consider learner responses and
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provide opportunities to help the learning
process through timely and relevant feedback
as well as a variety of formative assessment
techniques. Finally, reinforcing student’s
newly acquired skills through interactive
and practical demonstrations should also be
given consideration.

The Omani schools, as any educational
setting in the world, are striving to create
technology-rich environments, but these
must be deliberate and planned for, with a
focus on learning and the curriculum. We
therefore recommend that Oman’s MOE
adopt 3D-VRLE and its design principles
using the blueprints proposed in this study.
However, we think that efforts have yet to
be made to investigate the effectiveness of
this technology and its impacts on the Omani
learners’ achievement and attitudes towards
science. The results of this research cannot
be generalized to other contexts due to the
limited sample size and specific context
and conditions. They can be only applied
in the educational context/institutions of
the Sultanate of Oman whose working
environments are similar to that of the
institutional case studies in this research,
in terms of the number of employees, their
specializations, and the technical capabilities
available to them.
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