The Effectiveness of a 3D-Virtual Reality Learning
Environment (3D-VRLE) on the Omani Eighth Grade
Students’ Achievement and Motivation towards Physics
Learning

https://doi.org/10.3991/ijet.v15i05.11890

Asma Al-Amri
Ministry of Education, Muscat, Oman

Mohamed Osman, Ali Al Musawi &9
Sultan Qaboos University, Muscat, Oman
asmusawi@squ.edu.om

Abstract—This study aimed to examine the effectiveness of a 3D-Virtual
Reality Learning Environment the Omani 8th-grade students’ achievement and
motivation towards physics learning. To achieve the study objectives, data were
collected using two instruments: an achievement test and a motivation ques-
tionnaire. The sample consisted of sixty-five female students. They were divid-
ed into two groups, (32) students in the experimental group and (33) students in
the control group. The findings of this research study indicated a greater im-
provement in students’ achievement in physics after using the 3D-VRLE com-
pared to their counterparts in the traditional learning environment. Furthermore,
the results showed that the 3D-VRLE has a positive effect on students’ motiva-
tion towards physics learning. In the light of these findings, the study recom-
mended the importance of using the 3D-VRLE in the Ministry of Education
schools. Research areas for future investigation in the field of the 3D-VRLEs
were also suggested.

Keywords—3D-virtual reality learning environment; academic achievement,
motivation, science education, physics.

1 Introduction

The Trends in the International Mathematics and Science Study (TIMSS) shows
that science teachers face many issues [1]. Some studies and reports [2] [3] indicate
that the students at various levels have difficulties in understanding many science
concepts causing a weakness in the level of school achievement in this subject. More-
over, it has been noted that science teachers face various challenges in terms of ap-
propriate methods to teach and explain abstract concepts and make science lessons
more attractive to the students. In particular, teaching physics comes with both risks
and complexity of concepts’ understanding [2]. However, experiments that are carried
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out at a school laboratory are usually limited due to safety issues or limited time and
space [4]. Nowadays, there is an increased focus on Science, Technology, Engineer-
ing and Mathematics (STEM) teaching through which educators are responsible to
find the appropriate curriculum, methods, and resources to meet the new expectations
and prepare their learners as future scientists [5].

Researchers notice that using teaching aids and technologies in education can have
positive effects on teaching and learning [6] & [2]. [7] points out that the current
technological revolution has contributed to the improvement of students’ achieve-
ments level and motivated them to be more engaged. [8] emphasize that
"...technology is taking the education to innovative ways, much more attractive to the
students, making possible the use of new tools, taking to an evolution on the teaching
process.” (p. 295). As technology has helped to develop the educational tools in a
unique way, the teachers constantly keep searching for technologies which make
learning more effective, enjoyable and enable students learning [9].

Science topics, in particular, are mostly affected by technology due to the nature of
the laboratories work, equipment, and media [10]. The use of Information Technology
(IT) in science teaching enables students to conduct laboratory experiments and activ-
ities to study the scientific phenomena [2]. In particular, the 3D-Virtual Reality Learn-
ing Environment (3D-VRLE) can be implemented to help achieving the instructional
objectives in the classroom [11] [12] [13].

2 Conceptual Framework of Study

The 3D-VRLE takes a significant role in new science teaching methods. Many
studies show the effectiveness of 3D-VRLE in the completing laboratory experiments
and improving the students’ understanding of abstract ideas [2]. The learning envi-
ronment created by this virtual lab allows students to interact with objects that they
may not be able to do in normal situations [11]. Additionally, the 3D-VRLE has been
widely used as an educational tool because of its feasibility and cost effectiveness
[14]. There are many studies linking the 3D-VRLE with improvements in students’
academic performance and motivation towards learning [14] [8] [2]. [5] indicates that
the 3D-VRLE is effective in increasing academic achievement, enhancing engage-
ment, and developing the 21st century competencies like collaboration, communica-
tion, and technology use. It can provide students with more motivation and attention
to the learning process as it enables them to explore and construct their own science
knowledge and make learning more interesting and fun [8].

It is then possible to use this type of learning environments in the Omani context in
order to raise the level of students’ achievement and enhance their motivation towards
the learning process. For example, [2], prepared in cooperation with the Ministry of
Education, indicates that the Oman national and international assessments of learning
show that students’ performance is below the government’s expectations and many
other countries in the world. The Report also shows that Omani students perform
poorly in math, English and science subjects. In response to this shortcoming, the
Report summary call for educational reforms that “...emphasize change in teaching,
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learning and assessment methodologies, update the curriculum, add additional re-
sources, improve facilities, reduce class sizes and upgrade the qualifications and skills
of teachers” (p.6). Using the 3D-VRLE could become one type of these resources that
may have a considerable effect on learning activities, change the teaching process and
enhance students’ learning [11]. Research evidence that the 3D-VRLE can be an ef-
fective tool for science teaching in the Omani context is asserted by the studies of [10]
and [15]. More investigations are yet required to provide field evidence specifically in
teaching science subjects such as physics where this technology may not have been
previously used for systematic use in the Omani context.

Based on [3], Omani schools suffer from poor achievement of students in various
subjects, most important of which is science. The reasons behind this include several
factors such as the lack of facilities, lab resources and/or innovative presentation
methods. There are also some educational situations where it is not possible to use
direct experiences due to safety issues, scarcity and/or cost. In such a case, there may
be a need to use the virtual learning environments as an alternative system to improve
students' level and their motivation towards the learning process.

In summary, the literature shows a consensus among researchers regarding the
worthiness and importance of using 3D-VRLE technology in teaching and learning
[14] [8] [2] [16]. This study was conducted to investigate the effect of using 3D-
VRLE technology on Omani students’ performance in physics. It aims to examine the
effectiveness of using 3D-VRLE in the Omani schools in students’ achievement and
motivation towards physics learning.

3 Study Objectives and Hypotheses

The study attempts to achieve the following objectives:

e Examine the effects of a 3D-VRLE on 8th grade students’ academic achievement
in physics

o Investigate the effects of a 3D-VRLE on 8th grade students’ perceived motivation
toward physics learning

The following null hypotheses were formulated and tested at 5% level of signifi-
cance:

¢ Null hypothesis 1 of No significant difference between the two groups
o Null hypothesis 2 of No significant differences between the two groups

4 Methodology

The quasi-experimental method research design was applied in this study to inves-
tigate the effect of 3D-Virtual Reality Learning Environment (3D-VRLE) on the
Omani 8th grade students’ achievement and their motivation towards science learn-
ing. A pre-posttest control group design was used to compare between two experi-
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mental and control groups. The control group learned in a traditional learning envi-
ronment using books, board or PowerPoint presentations, whereas the experimental
group taught using the 3D-VRLE.

41 Instruments

The study used the following instruments for data collection:

The achievement test: To measure the impact of using the 3d-virtual learning en-
vironment on the students' achievement, the test was designed and constructed in
accordance with the Ministry of Education (MOE) tests’ specifications. Both the pre-
and posttest was similar in the content, but the order of the questions was different to
avoid the set response effect. The test consisted of (30) questions and aimed to assess
the students’ achievement in the topics of waves, light and sound in physics. The
maximum score for the test was 30 marks. For each question, participants received a
score of either 1 (correct answer) or O (incorrect answer), with a total score ranging
from 0 to 30. The questions distributed in the following ratios: 50% (15 questions) of
Application Questions, 30% (9 questions) of Knowledge Questions and 20% Ques-
tions (6 questions) of Inference.

Validity and reliability of the test: A review panel of 10 subject matter experts
assessed the content validity of the achievement test. After modifications, the reliabil-
ity of the test was measured by applying it on another basic school from the same
educational region with (31) 8th grade female students. As a result, the last version of
the pre- and posttest contained (30) items with Cronbach’s alpha coefficient of 0.72.

Motivation questionnaire: Students’ perceived motivation toward physics learn-
ing in 3D-VRLE has been measured using Keller ARCS inventory which stands for
the four components of ARCS model: Attention, Relevance, Confidence, and Satis-
faction. The original instrument has (36) items with an alpha coefficient of 0.95 [17].
A translated version of the inventory was reviewed and tested for both validity and
reliability. The reliability coefficient was found to be 0.90.

1.1  Sample

The participants of this study were all 8th grade students in Al-Dakhlia region’s
schools in Oman. Based on the simple random sampling technique, the sample en-
compassed one school (Um Ayman Basic Education in Izki City) and consisted of 65
students of the 8th grade. They were all female students and aged from 13-14 years.
They were divided into the two groups comprised (32) students in the experimental
group and (33) students in the control group.

1.2 Procedures

The classroom environment was designed to make the learning process interesting
and motivating. The educational content was presented in an engaging pedagogical
style and in appropriate small doses that were easy for the students to absorb. These
educational experiences which followed by interactive evaluation questions and tests
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enabled the teacher to ensure that students were engaged and to follow up their devel-
opment. They were interacting with the evaluation questions and recorded their results
and answers where the teacher was able to follow through their educational achieve-
ment during or after the class. The experiment in this study went through the follow-
ing steps:

o Researcher distributed students randomly in two groups. The aim of a random

o Distribution was to get a statistical equivalence among the two groups.

o Before beginning the experiment, a training workshop conducted for the teachers
and

e Students prior to the empirical part to train them to use the lessons in the 3D-
VRLE.

o Researcher observed the teaching process of both the experimental and the control

o Groups.

e A pre-test was given to both groups to assure the equivalency between the two
groups in the achievement and motivation level.

o After the treatment, an achievement test was administrated to compare the results
between the two groups and a motivation questionnaire was administrated for the
experimental group to measure the students’ motivation toward learning physics.

5 Description of Learning Environment and Materials

The 3D-Virtual Environment: Eureka® product as a 3D-VRLE along with the oth-
er teaching materials to conduct the experiment. The environment is a digital instruc-
tional package, called “Eureka.in Top-Bottom 3D Content”, which has a large collec-
tion of digital units, animated movies, and simulations, in different physics subject
(Figure 1). The product was developed be Designmate Company. It was selected
because of its suitability to explain and demonstrate the physics topics and concepts in
an interactive way. It was used in teaching the (Unit 4: Waves and its Applications) in
grade 8th science curriculum and used for 8 weeks comprising 16 lessons with 2 clas-
ses per a week.

Fig. 1. 3D- Video Explains the Convex Lenses Topic by Eureka
(https://www.designmate.com/)
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Additionally, the lab has simulations feature that allows students to manipulate dif-
ferent variables, predict, and visualize the results (Figure 2). These simulations were
available for some of the digital lessons. They served as a mini virtual laboratory
when students manipulated the variables in the given reactions and predicted the re-
sults.

Fig. 2. 3D- Simulation in the Light Topic by Eureka (https://www.designmate.com/)

Web Based Educational Resources. Additional teaching resources and learning ob-
jects were used in order to assist and support student learning besides the “Eureka.in
Top-Bottom 3D Content” product. These Web- based educational resources were
used as supportive tools during the classes. Internet provided rich opportunities for the
teacher to employ many different entry points to learning. One of these websites was
PhET (https://phet.colorado.edu/ar_SA/simulations/category/physics) which is an
Interactive simulations project initiated by the University of Colorado Boulder to
create free interactive math and science simulations. All simulations were extensively
tested and evaluated to ensure their educational effectiveness. The simulations were
written in Java, Flash or HTMLS5 and can be run online or downloaded to the stu-
dents’ computers. In this study, a number of relevant 3D-simulations from PhET was
downloaded to the students’ computers, and integrated in the topics of (sounds, waves
and lights). The students were engaged in these simulations through an intuitive
game-like environment where students learn through exploration and discovery (Fig-
ure 3).

The other educational website that was used as an assistive teaching source was the
skoool website (http://www.skoool.com.eg/Default.aspx?tabid=87). It has many inter-
active flash lessons used to support the interaction between teachers and students in
the classroom (Figure 4). In addition, the 3D-virtual classroom itself offered a combi-
nation of different resources, which are 3D-videos, 3D- simulations, interactive quiz-
zes, and display web links to instructional video clips, learning objects, and interac-
tive text-based documents.
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Fig. 4. 3D Interactive Lessons in Skoool Website by
Skooolhttp://www.skoool.com.eg/Default.aspx?tabid=87)

All these resources were used as scaffolds for the student learning process to en-
courage them to engage with knowledge in active and dynamic ways. The use of
multimedia and the flexibility in using the teaching resources enabled the teacher to
meet the learning styles of all students.

6 Results

In order to test the study’s hypotheses, two main types of statistical analysis were
conducted:

o Independent sample t-test was conducted to compare the means of the control and
experimental groups on the posttest
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o Paired sample t-test was conducted to compare students’ motivation toward phys-
ics learning in the experimental grou

The following section explains the research findings:

6.1  Research hypothesis 1

In reference to the effect of a 3D-VRLE on students’ academic achievement, an in-
dependent sample T-Test was conducted to compare the mean scores on students’
achievement on the posttest between the experimental and control groups. Table 1
below summarizes the descriptive and inferential analysis of the data.

Table 1. Independent Sample t-test of the Mean Posttest Scores

Groups N df Mean Std. Deviation t- value Sign. (2- tailed)
Control 33 17.48 4.45
.22 .001
Experimental 32 63 23.88 3.80 6 0.00

*Total score = 30

The results in table 1 reveal a significant difference between the two groups in the
students’ achievement. For instance, it is noticed through the table that (t-value =
6.22, p=0.001, o = 0.05 level) in favor of the experimental group with a mean score
of 23.88 for the experimental group, and 17.48 for the control group. This shows that
students of the experimental group which uses the 3D-VRLE significantly performed
better than their counterparts in the control group with a large effect size of (Cohen's d
=.38). Consequently, the null hypothesis of No significant difference between the two
groups can be rejected. Thus, there is a considerable change in students’ achievement
and understanding of the concepts of the waves and its applications unit.

These results appear to be in agreement with previous researchers who have assert-
ed on positive impact on students’ academic achievement after using 3D-VRLE in
science teaching [18] [19] [20] [21] [16] [22] [23] [24] are similar to the current study
in their context of the study, kind of the virtual reality environment used, the research
design, and the research instruments used.

However, the results of this research are not in congruence with some previous re-
searches (e.g. [25], [26]. This is perhaps due to the type of the virtual laboratories and
environments used and the different contextual factors.

6.2  Research hypothesis 2

In order to test the effect of the 3D-VRLE on students’ motivation toward physics
learning, a paired sample t-test was conducted to compare the level of students’ moti-
vation of the experimental group before and after the treatment. Table 2 shows the
statistics of the paired- sample t-test of pre and post-motivation questionnaire re-
sponses of the experimental group.
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Table 2. Paired- Sample t-test of Pre and Post-Motivation Questionnaire Responses

Test N df Mean Std. Deviation | t- value |Sig.(2- tailed)
Pre-Motivation Test 32 98.91 17.76
Post-Motivation Test 32 81 152.13 1251 1285 001

*Maximum score = 180

Table 2 reveals a significant difference between the mean scores on the motivation
questionnaire responses of students before and after the experiment (t = 12.85, p =
.001, a= .05), with mean scores of 98.91 for the pre-motivation test and 152.13 for the
post- motivation test. The findings indicated that the use of 3D-VRLE in physics
learning accounts for 84.2% of the variance in the students' motivation toward physics
learning (n2 = 0,842). Thus, the null hypothesis of No significant differences is re-
jected.

These findings were also found in congruence with similar studies [22] and [16]).
However, these findings were in disagreement with the [19] study which showed no
differences between the two groups in terms of motivation toward learning after using
this environment. Nevertheless, this may be due to the difference in context and sam-
ple of the study.

7 Conclusion and Implications

This study was conducted to investigate the effectiveness of 3D-virtual reality
learning environment (3D-VRLE) on the Omani eighth-grade students’ achievement
and motivation towards physics learning. The findings indicated that 3D-VRLE can
contribute to enhancing both students’ academic achievement in physics and at the
same time raises the interest and motivation toward learning physics. As one of the
first studies of its kind, it asserted that there is an importance of using the 3D-VRLE
in the learning process and it has great potential in the education field and can be used
in different subjects. The results were consistent with the literature of most of the
previous studies.

The pre- and posttest revealed that students who were exposed to the 3-VRLE in
the learning process show a greater improvement on students’ achievement in physics
compared to the other group who have been taught in a traditional way. In addition,
the analyses of independent t-test which showed that 3D-VRLE affected positively
the students’ academic performance. In brief, there is a relationship between applying
this kind of learning environments and the academic achievement of the students.

Based on Keller ARCS motivation inventory, the findings show that the 3D-VRLE
has a positive effect on student learning motivation. The used 3D-VRLE is attentive,
relevant, satisfied the students’ needs and increases their confidence during the learn-
ing process and that leads to the enhancement of learners’ engagement and motiva-
tion. Although the used desktop-based 3-D virtual environments in the current study
did not provide a fully immersive experience, their photo realistic computer graphics
have shown to enhance learners’ engagement and motivation. According to the previ-
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ous research, researchers find that VRLE improves students learning motivation sig-
nificantly.
Accordingly, the following recommendations can be suggested:

o Practical recommendations: If MOE plans to apply this technology in the Omani
schools, it has to pay attention to the provision of all that will make the 3D-VRLE
success in schools such facilities, support, training and curricular development.
Human resources that can assist in this provision should be made available espe-
cially instructional developers and programmers. Partnership with other counter-
parts and corporates is required

o Currently, studies are not sufficient to display the effect of 3D-VRLE in the learn-
ing process on the Omani educational context. Therefore, the researcher offers
some suggestions for future studies, including a similar study can be conducted for
different curricula other than physic, such as math, biology or chemistry and for
different sample. In addition, other research can be done in the area of studying the
effectiveness of the use of 3D-VRLE in the development of critical thinking skills
in other courses in different stages of the study. In addition, a study to examine the
current capabilities of the Ministry of Education (MOE) and its readiness to apply
3D-VRLE in Omani schools can also be conducted
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