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ABSTRACT

The study integrates information technology into physical education teaching. It used a mixed-method with a
quasi-experimental method. The study was conducted on 30 students at Elementary School Jeruk 1
Surabaya. Since the participants came from three different class groups previously, different teaching
methodologies were employed for each group: the teaching style was given to the control group, and in
experiment 1, the treatment with physical education teaching style and gamification provided. The experiment
2 group was treated using virtual reality. The results of the research showed that virtual reality and exergames
provide a relaxed and enjoyable learning environment. However, the study indicates that a well-structured 6-
week virtual reality program can significantly improve motor coordination, coordination, and reaction time
results for students of Elementary School Jeruk 1 Surabaya. Data from the 7 m single-legged run test had a
T result of (p < .012), the 9 m two-way run test showed VR+G results (p < .001), the lateral jumps test had a
G result (p < .004), the left-hand handgrip test had a G result of (p < .003), the plate-tapping test had a G
result of (p < .003), and the flamingo test had a G result of (p < .01). Gamification is highly favoured by
elementary school students compared to the PTS group.
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INTRODUCTION

In recent years, the development of education as well as the reforms and openness have become very
important in the education system. One of the main issues is that students find it difficult to perform motor
tasks during physical education learning. Therefore, urgent problems in physical education include single
teaching methods, lack of teaching style capabilities, lack of innovation in learning, and lack of comprehensive
technical analysis (Castillo, 2018). This methodology increases motivation and facilitates the teaching and
learning process (Muntaner Guasp et al., 2020). Latest methodologies, particularly gamification, have
emerged and gained relevance in recent years and have been widely used in the field of education (Klock et
al., 2020). In this environment, the most important game elements are to be included in education. Although
the use of gamification has been shown to increase students' motivation and physical fitness (Ferriz-Valero
et al., 2020), its impact on learning improvements remains unclear (Robson et al., 2015). This is most likely
due to the lack of research in the field of education, particularly in sports (Fernandez-Rio et al., 2020). The
results of the study (Utamayasa & Mardhika, 2024) showed a significant positive impact of virtual reality
technology on students' motor development and confidence in performing movements compared to traditional
learning.

Conversely, virtual reality and gamification have become relevant in various fields of education and have
been quickly adopted for different purposes. This study introduces the application of metaverse-based virtual
reality in teaching activities and then uses this technology to build a sports teaching system. Based on this,
one effort to help primary schools not struggle in translating motor tasks during learning is to have an
approach that can bridge this gap by implementing metaverse virtual reality and gamification. The study
showed that using virtual reality applications boosts primary schools' confidence during learning activities
and helps students who have low performance. Therefore, physical education teachers must make changes
in terms of techniques, motor skills practice, and traditional teaching models that can no longer be used
(Liang et al., 2023).

The number of studies published on the use of this technology for educational purposes continues to
increase. Educational institutions are now moving quickly to adopt virtual reality as an educational and
training tool because it can be directly applied to the teaching and learning process, resulting in positive
learning outcomes across various domains (Kavanagh et al., 2017). This process offers real-time
multisensory feedback during task-oriented training, thus facilitating motor learning. This opens up
opportunities for the development of a virtual reality and gamification physical education system, injecting
new scientific elements into the modernization of physical education. Virtual reality technology can be used
in learning and has proven effective in the development of physical education (Martins et al., 2012).

This study introduces for the first time the application of metaverse virtual reality and gamification in teaching
styles in these activities and then uses this technology to build a sports teaching system. Next, we analyse
the importance of integrating it into teaching models. This study shows that the new teaching model has a
good effect on improving teaching quality. This study advances a technology-based physical education
teaching model. In the field of physical education, interest and demand for virtual reality-based learning
activities are increasing and are currently being developed (Gurrin et al., 2014). Similarly, it is necessary to
investigate how children perceive effort, motivation, compliance, and satisfaction when undergoing virtual
reality activities during sports lessons in a school environment (Polechonski et al., 2020), considering some
differences in the literature reporting significant learning outcomes when comparing virtual reality with other
active learning or traditional learning methods (Moro et al., 2020). In addition, previous research on the use
of virtual reality in physical education is still lacking compared to other methodologies. Therefore, this study
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aims to analyse the effect of using virtual reality and gamification in physical education learning styles on
students' motor skills and perceived efforts.

Using the designed technology, advantages in physical education will prominently provide an effective
learning environment. New technology reforms promote the application of the metaverse in sports teaching.
Research shows that a teaching environment that uses this new technology can attract more students to
participate in sports activities. The study on the application of metaverse-based virtual reality and gamification
in physical education teaching is relatively detailed. The application of this technology helps schools
successfully carry out sports activities. It can be concluded that using this technology can enhance students'
learning outcomes (Yu & Mi, 2023). Additionally, based on these findings, by presenting a physical education
model that integrates metaverse and gamification technology, this study intends to suggest metaverse-based
physical education as a new alternative. Therefore, physical education will also be one of the beneficiaries
of metaverse technology (Yu & Mi, 2023). Teachers must implement more advanced metaverse technology
and concepts to refine and complement current physical education.

The state of the art of this research is viewed from the problem of practical physical education learning styles,
where teachers mostly demonstrate tasks and students only practice the tasks given by their teachers.
Therefore, the learning style becomes monotonous and students are less active in the learning process.
Thus, the learning style can be replaced with a more active, engaging methodology and student-centred
options that encourage students' participation and engagement in improving motor skills. Previous research
has used augmented reality-based technology in the learning process. Augmented reality is another virtual
technology that has been shown to enable students to enhance performance by considering different
dimensions, facilitating the understanding of theoretical parts, and accelerating the development of students'
motor skills (Moreno-Guerrero et al., 2020). Additionally, the use of digital book creators has also been used
to enhance students' motor skills (Hasanah, 2021). Other studies also state that the use of video-based
visuals has been used in physical education learning to improve students' motor skills (Modinger et al., 2022).

The novelty of this study lies in demonstrating the capacity of virtual reality and gamification on physical
education learning styles to enhance children's motor competence. The benefits of motor skills in physical
education learning help physical activities and can positively impact students' cognitive, social, and emotional
development. Based on this reality, one effort to help primary schools not struggle with motor tasks during
learning is to have an approach that can bridge this gap by implementing metaverse virtual reality and
gamification in physical education learning styles.

MATERIAL AND METHODS

This study integrates information technology into physical education teaching. The study design uses a
mixed-method with a quasi-experimental method. Qualitative data were collected after virtual reality and
gamification interventions to find mechanisms that potentially explain quantitative results (Fetters et al.,
2013). This study was conducted on students at Sekolah Dasar N Jeruk 1 Surabaya, totalling 30 students.
Therefore, considering that the participants came from three different class groups previously, different
teaching methodologies were allocated for each group: a teaching style was given to the control group, and
experiment 1 was given physical education and gamification teaching styles. Experiment 2 was treated using
virtual reality. For qualitative data, to meet the research objectives, motor skills and perceived effort were
qualitatively explored through two steps: first, semi-structured individual interviews and group discussions.

The procedures in this study are:
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1. In the initial stages, participants were evaluated before and after the intervention, consisting of two
weekly sports sessions each lasting 50 minutes for six weeks.

2. To evaluate motor skills, the sportcomp motoric test was described and validated by Ruiz-Perez
(Morillo-Baro et al., 2015). It consists of 5 motor skills tests including: 7 m run with both feet together,
7 m run with one foot, lateral jump, 9 m two-way run, and transfer with support. Each participant
performed three trials on each side, and the highest average score was taken as the result. The next
test recommendation is the balance test (Rami & Prabhakar, 2018). Participants followed the
research procedure by signing a consent form. All procedures comply with the research ethics code.

3. The three groups followed the research procedure. Gamification was developed and designed during
the intervention with the underlying context of the film Avatar 2. Researchers provided an introductory
video to students before the intervention connecting various activities with this theme. In the
gamification group, students were divided into four groups. Explanations about the scores they could
achieve in each activity were given, and at the end of each session, each group could exchange
these points for game cards that could be used in the next session.

4. The virtual reality group had special treatments equipped with glasses and Kinect Sports Xbox. VR
technology training (20 minutes/session; 2 sessions per week; total 6 weeks; total 240
minutes/participant. The commercial VR training video game used was Just Dance 2022. Data
collection before and after the intervention was carried out by researchers, under the supervision
and support of the teacher.

Data are presented as + standard deviation, sampling estimation was carried out using G*Power 3.1.9.7
software. Statistical analysis was performed using Jamovi software for Windows, version 2.3.12. Repeated
measures ANOVA tests were conducted to analyse the effect of the teaching methodology on related
variables. The expected results of this study are that using virtual reality and gamification applications make
students confident during the learning activities and help students with low performance. This study aims to
analyse the effect of using virtual reality and gamification in physical education learning styles on students'
motor skills and perceived effort.

The document mentions that the study involved 30 students (15 female and 15 males; aged 7-12 years) from
Sekolah Dasar Negeri 1 Jeruk Surabaya. Using this information, | can format the demographic data into
Table 1.

Table 1. Characteristics of the participants.

Characteristic Number (n) Percentage (%)
Total participants 30 100
Gender

- Male 15 50

- Female 15 50

Age group

- 7-9 years 10 33.3

- 10-12 years 20 66.6

The data collection technique in this mixed-method study uses the concurrent embedded model, where
quantitative and qualitative data collection is carried out simultaneously, and alternately within a short time
interval. Quantitative data collection techniques are the main focus of the research by providing instruments
that have been tested for validity and reliability to the entire sample. Qualitative data collection techniques
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are carried out with in-depth interviews, documentation, and extensive use of observations and data
collection using a natural setting. Data analysis uses descriptive statistics.

RESULTS
The study involved 30 students at Sekolah Dasar Negeri 1 Jeruk Surabaya, Indonesia. A total of 30 students

(15 female and 15 males; average age 7-12 years). The results are reported in the following order: (a)
quantitative and intervention results, (b) qualitative results, and (c) mixed methods (integration).

Quantitative findings
Table 2. Findings from the study. Results are presented as mean + SD.
Pre-Intervention Post-Intervention p

7 m feet-together run test VR+tG 312 + 043 333 + 045 3.23
G 367 + 05 378 + 054 0.023
T 320 + 067 405 <+ 066 0.023

7 m single-legged run test VR+tG 302 + 045 387 + 043 0.56
G 270 + 044 343 + 054 0.243
T 301 + 066 302 <+ 067 00127

9 m two-way run test VR+G 1202 + 123 1198 + 123" 0.001"
G 1205 + 178 1204 + 134 0.232
T 1203 + 15 168 + 1.09 0.233

Displacement with support test VR+G 16.7 £ 337 186 = 267 212
G 179 £+ 456 192 £ 463 0.125
T 156 + 387 376 % 467 0.022

Lateral jumps test VR+tG 308 + 678 355 + 509" 4534
G 316 + 65 366 £ 685 0.004"
T 322 + 823 336 £ 5947 0235

Left-hand handgrip test VRtG 723 + 467 238 + 6557 2378
G 778 + 554 306 £ 766" 0.003"
T 834 + 823 345 £ 912 0.764

Plate-tapping test VR+tG 507 + 065 987 + 623" 2976
G 578 + 05 102 £+ 813  0.003"
T 643 + 076 107 £ 856 0.657

Flamingo test VRtG 119 + 165 35 + 143 11.45
G M7 + 213 566 + 221  0.001
T 14 + 154 437 + 245 0.125

Note. VR: virtual reality; G: gamification; T: traditional. * Different from pre (p < .05); ** Different from pre (p < .001).

In the table above, the 7 m single-legged run test has a T result of (p <.012), the 9 m two-way run test shows
VR+G (p <.001), the lateral jumps test has a G result of (p < .004), the left-hand handgrip test has a G result
of (p <.003), the plate-tapping test has a G result of (p < .003), and the flamingo test has a G result of (p <
.01).

Qualitative findings

There are two main indicator categories identified: (a) perceived effort and (b) improvement in motor skills.
These results are supported by narratives obtained from participants. In the specific case of VR activities, no
participants stated that activities in the VR field resulted in improvements in their motor skills.
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Mixed method findings

Table 3. Combined quantitative and qualitative results.

Journal of Human Sport & Exercise

Measurement results

Quantitative

Qualitative

PCERT (children's effort ranking
table): effort levels between 1
(very, very easy) and 10 (so
difficult that you would stop) with
an average value of 5 (starting to
get difficult)

Students rated perceived effort
higher in PTS compared to the
other two learning groups (p <
012)

Effort was experienced when
performing activities that required
continuity. On the other hand,
these  activites  demanded
greater mental effort, such as
juggling with a ball or those
requiring motor control and
coordination. Lastly, VR activities
did not require much effort from
the students.

Motor tests: determine motor
coordination in students aged 7-
10 years through 5 tests (7 m run,
7 m single-legged run, lateral
jump, 9 m two-way run, and
transfer with support).

Handgrip test, flamingo test.
Eurofit: Measures grip strength
and balance.

All three groups had interventions
in the 7 m single-legged run test
T (p<.012) and lateral jumps test
(p <.004). Only two GAM groups
showed improvement in the left-
hand handgrip test (p < .003).
Only the PTS learning group
scored lower in the transfer
movement with the flamingo test

These activities had limited time
to show motor improvements. VR
activities did not require physical
effort and had little impact on
improving physical performance
in non-virtual environments. What
could be improved through VR
are activities related to hand-eye
coordination and reaction speed.

(p <.001). The 9 m two-way run
test had VR+G (p <.001).

DISCUSSION

The use of technology that enables the creation of interactive environments and the provision of a form of
physical enhancement through the use of exergames via VR. Our study results are similar to other literature
studies showing that virtual reality can improve coordination (Barbosa et al., 2020). Statistical analysis
indicates that gamification can improve students' motor skills in the lateral jump test. The study results (Zhao
et al., 2024) show that exergames can enhance student sports learning and the impact of exergames on
student sports learning outcomes. Virtual reality and exergames can provide a relaxed and enjoyable learning
environment. The integration of exergames and virtual reality into the physical education teaching style aligns
well with student preferences. As a result, students transform from passive and receptive learning habits into
spontaneous and active learning, ultimately achieving high-quality physical education learning. In conclusion,
exergames align with modern educational concepts aimed at developing students and improving their health
quality and social adaptability (Zhao et al., 2024).

From the document provided, the p-values for male and female comparisons in Table 2, Table 3, and Table
4 are not explicitly mentioned as gender-specific comparisons. For the interventions and tests listed,
significant differences are reported when the p-value is less than .05. These differences are attributed to
group-specific interventions rather than gender comparisons. If you need specific gender-based analysis, the
document does not provide separate male vs. female statistical results. Clarification from the study authors
or additional statistical analysis might be required to address gender-specific differences. Let me know if
you'd like assistance with further analysis or clarifications.
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However, this study shows that a well-structured six-week virtual reality program can significantly improve
motor coordination, coordination, and reaction time in students at Sekolah Dasar Negeri 1 Jeruk Surabaya.
Besides the small number of participants and the relatively short intervention time, this research has other
limitations, such as the lack of medium- and long-term verification of subjects' participation in different
physical activities. Future studies should focus on these issues. Future technology, especially in physical
education, will undoubtedly bring advancements and optimize the combination of virtual reality and
exergames experiences. The results show that VR and exergames can significantly improve children's motor
skills compared to the control group, consistent with previous studies (Jelsma et al., 2013), which conducted
VR training (Nintendo Wii Fit) for 25 minutes, 4 times a week for 3 weeks and found that children's motor
function significantly improved.

Meta-analysis results show that gamification and teaching styles using VR positively influence students'
motor skills in sports learning (sig < .012), indicating that gamification applications can facilitate student sports
learning with statistical significance. The reasons may include the following aspects:

1. Gamification is characterized by fun, flexibility, and competence. Implementing learning styles through
gamification can increase participation and learning interest, thereby motivating them to learn actively.
Additionally, students gain a sense of accomplishment in completing gamification tasks, further
enhancing their confidence in learning (Hu et al., 2022).

2. Gamification using VR can provide a relaxed and enjoyable learning style environment. Students can
repeatedly simulate exercises in this environment, creating a stronger sense of participation and actual
experience, fully enjoying the fun and charm of sports. Moreover, the learning environment created
through games allows students to form a common perception of learning movement techniques.

3. Integrating exergames into sports programs aligns well with student preferences. As a result, students
transform from passive, receptive learning habits to spontaneous, active learning, ultimately achieving
high learning quality. In conclusion, exergames align with modern educational concepts aimed at
developing students and improving health quality and social adaptability (He & Hao, 2014).

VR gamification provides a platform for students to express themselves fully. Through game media, students
can confidently display themselves, encouraging strong intrinsic motivation to engage more actively in sports
classes. Success rewards in games inspire students to feel pride and satisfaction, gradually boosting their
confidence and self-identity, leading to a positive learning attitude, increased exercise frequency, and
continuous skill improvement throughout the course. Therefore, gamification strategies should be
implemented in student-centred teaching models to promote active learning, collaboration, and problem-
solving in constructivist models (Ferraz et al., 2024). Gamification can be presented as a means to induce
positive changes in student behaviour by increasing physical activity levels and emotional states, supporting
positive attitudes and motivation towards physical activity practices (Goodyear et al., 2021). There is growing
interest in gamification among teachers and educational institutions (Figueroa Flores, 2016). Using games in
this context has proven to have a significant impact according to research conducted by (Liu & Lipowski,
2021). Therefore, itis crucial to analyse the educational context and design appropriate gamification tailored
to specific students. A novel aspect of this review is that virtual reality is highly suitable for incorporating motor
learning principles.

Exergames and VR positively impact elementary school students by providing positive emotional experiences
and enjoyment, thus enhancing their intrinsic motivation for physical activity (Hou & Li, 2022) (Bae, 2023).
Additionally, it has been observed that VR involves specific motor and cognitive skills and the ability to
optimize desired movement trajectories (Dong et al., 2023), highlighting its interest in developing and
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enhancing motor skills. Participants in this study may not have perceived such improvements due to the short
intervention duration or the insensitivity of the measurement outcomes used.

This is evidenced by the improvement in the lateral jump test in both GAM study groups compared to the
PTS study group (p < .004). Additionally, the PTS study group, along with the PTS group, showed a decline
in post-intervention support transfer test performance (p < .235), possibly due to the speculative lack of
motivation in this group compared to the GAM group and not due to deteriorating motor skills. Although the
impact of GAM on sports motivation is beyond this study's scope, motivation can also be considered a
potential determinant of participants' perceived effort, which was interestingly rated lower by both GAM study
groups. Based on qualitative results, some participants did not perceive VR activities as demanding,
indicating a disruptive effect of VR on the PTS+GAM+VR group. Additionally, significantly lower perceived
effort in both GAM groups (combined with or without VR) coincides with participants' relative perception of
effort regarding activity type and participation format (Criollo-C et al., 2024). VR and Gamification can
enhance education quality and active student participation. This study presents several noteworthy strengths.
Firstly, this research is easily applicable and implementable in the educational context of elementary school
children.

CONCLUSIONS

Gamification is highly favoured by elementary school children compared to the PTS group. When combined
with VR, it can enhance elementary school children's motor skills. As educational and societal needs and
demands change, traditional learning needs to be reinforced and transformed through new technology
applications and approaches to adapt and meet new needs. The use of gamification and virtual reality in
physical education is becoming more popular as a means to satisfy students' desire for more interactive,
immersive, engaging, and meaningful learning. Based on the results, gamification can positively influence
educational activities and enrich virtual reality experiences to create a more interactive, engaging, and
motivating learning environment. Most studies report positive results regarding improving motor skills and
student satisfaction. Both students and teachers positively assess its usefulness in education, highly
appreciating its role in transforming traditional teaching and learning activities and highly valuing the benefits
it can bring to the educational process by facilitating and supporting teachers and successfully meeting
students' needs and demands for more effective learning benefits.
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