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ABSTRACT

Integrating portable augmented reality (AR) into physics education has
the potential to enhance student engagement and learning outcomes.
This study investigates students' perceptions of the appeal and effective-
ness of the Traveling Virtual Lab (TVL), a solar-powered AR learning kit
designed to improve physics education in the Philippines. A quantitative
research design was employed, utilizing the "Student Acceptance of Vir-
tual Laboratory questionnaire” adapted from Park (2009). The sample
consisted of 58 students, with a balanced gender distribution and a ma-
jority at the tertiary-education level. Descriptive and inferential statisti-
cal analyses were performed to address the research questions. The re-
sults indicate that students perceive TVL as appealing and effective for
learning physics concepts, with mean ratings of 3.9 for both variables. No
significant differences were found in perceptions based on gender or
grade. This study highlights the potential of portable AR to enhance phys-
ics education by providing immersive and interactive experiences that
can visualize complex concepts and overcome resource constraints.
However, challenges remain, including technological accessibility and
the need for training teachers. These findings contribute to the growing
body of literature on AR in education and have implications for the de-
velopment and implementation of virtual laboratory technologies, par-
ticularly in resource-constrained settings. Future research should focus
on addressing implementation challenges and exploring the long-term
impact on student learning outcomes.
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Introduction

Laboratory activities play a crucial role in
enhancing physics learning by providing
hands-on experiences that help students un-
derstand scientific concepts better. Research
indicates that both traditional and virtual la-
boratory settings can significantly impact stu-
dent achievement and perceptions of learning.
Simulation-based physics experiments, for in-
stance, have been shown to positively influence
students' learning achievements and percep-
tions of laboratory activities, offering a cost-ef-
fective and time-efficient alternative to physi-
cal labs (Asiksoy, 2023). Moreover, virtual labs
provide a safe and interactive environment
that enables students to conduct experiments
multiple times, thereby deepening their under-
standing (Aljuhani et al., 2018). The adoption of
advanced technologies such as virtual reality
(VR) and augmented reality (AR) further en-
hances the learning experience by simulating
real and fictitious physics scenarios. This inno-
vative approach shifts the focus from confirma-
tion-based tasks to explorative learning, help-
ing students develop expert-like epistemolo-
gies of experimental physics (Canright and
Brahmia, 2024; Jiang et al,, 22021) Such labs
are not only engaging but also effective in de-
veloping students' self-efficacy and realistic un-
derstanding of scientific processes.

Concerning the Philippines’ performance in
PISA 2018, the data revealed a significant pro-
ficiency gap between Filipino students' science
scores and the OECD average. The average
score of 357 points in science for Filipino 15-
year-olds is markedly lower than the OECD av-
erage of 489 points, highlighting a substantial
gap in educational outcomes (Chandir 2020).
Factors contributing to these scores may in-
clude differences in curriculum emphasis, re-
source allocation, teacher training, and socioec-
onomic conditions. The Programme for Inter-
national Student Assessment (PISA) 2022 re-
vealed significant challenges in science educa-
tion in the Philippines. Filipino students' profi-
ciency in science is alarmingly low, with only
23% achieving at least Level 2 proficiency,
starkly contrasting the OECD average of 76%
(Bernardo et al., 2023). Furthermore, almost no
students reached the top performance levels

(Levels 5-6), indicating that many Filipino stu-
dents struggle with basic science literacy (Ber-
nardo et al.,, 2023). One of the key issues con-
tributing to this underperformance is the re-
source constraints in the Philippine education
system. Expenditure per student in the Philip-
pines is the lowest among all PISA-participat-
ing countries, impacting the quality of science
instruction and access to necessary resources
such as laboratories (Bernardo et al, 2023).
This systemic under-resourcing leads to signif-
icant barriers to improving the quality of sci-
ence education in Australia.

Machine learning analyses have identified
several factors that contribute to poor science
performance among Filipino students, includ-
ing metacognitive awareness of reading strate-
gies, social experiences in school, aspirations,
pride in achievements, and familial /home fac-
tors, such as parents’ characteristics and access
to ICT with internet connections. This high-
lights the importance of considering both per-
sonal and contextual factors in any plans to re-
form science education in the Philippines (Ber-
nardo et al, 2023). Augmented Reality (AR)
and Virtual Reality (VR) have significantly in-
fluenced educational frameworks, particularly
by enhancing learning experiences in post-pan-
demic scenarios. Research underscores the
multifaceted benefits of AR, such as increased
student engagement and improved compre-
hension and retention of subject matter, espe-
cially in STEM education (Bajaj, 2023; Jiang et
al,, 2025). These technologies are particularly
effective in creating interactive and immersive
learning environments that encourage active
participation and motivate students (Igbal et
al,, 2024; Deng et al,, 2024). However, integrat-
ing AR into education is not without its chal-
lenges. Technical issues, such as device com-
patibility, infrastructural diversity, and high in-
itial investment costs, present significant barri-
ers (Jiang et al, 2025; Rodriguez et al,, 2023).
Moreover, the usability of AR technologies var-
ies across different learning styles and de-
mographics, including gender, which is often
overlooked in AR application studies (Tuli et
al., 2022).

An innovative approach to augmented real-
ity (AR) education that addresses certain barri-

IJMABER

3903

Volume 6 | Number 8 | August | 2025



Anselmo et al, 2025 / The Potential of Portable AR in Physics Education

ers is the development of portable, solar-pow-
ered AR kits, exemplified by the Traveling Vir-
tual Lab (TVL). This technology is particularly
relevant in regions with limited infrastructure,
such as the Philippines. However, there is a dis-
cernible gap in the literature regarding the ef-
fectiveness and user acceptance of such porta-
ble solutions (Reginald, 2023). Existing studies
emphasize the necessity of user analytics and
feedback to optimize these systems for broader
applications (Papanastasiou et al, 2018; Al-
gerafi et al,, 2023). Future research should pri-
oritize the development of AR technologies tai-
lored to regional contexts and accommodate
varying levels of technological accessibility.
Moreover, addressing the digital divide by en-
hancing the accessibility and affordability of
these technologies is essential for their wide-
spread adoption (Crogman et al., 2025). This
includes focusing on equitable access, compre-
hensive teacher training modules, and creating
pedagogically sound digital content to seam-
lessly integrate AR into current educational
practices (Algerafi et al,, 2023). This research
aims to investigate students' perceptions of the
appeal and effectiveness of the Traveling Vir-
tual Lab (TVL) in learning physics concepts.
This study seeks to inform scalable, resource-
sensitive strategies for enhancing science edu-
cation in the Philippines by examining the prac-
tical implications and user experiences of this
innovative augmented reality approach. By ex-
ploring student perceptions, this study aims to
fill a gap in the literature and contribute to in-
forming educational practices, fostering tech-
nology integration, and enhancing student en-
gagement and learning outcomes in science ed-
ucation. This study analyzed student profiles,
assessed the frequency and effectiveness of
current laboratory activities, and evaluated the
appeal and effectiveness of TVL. Additionally, it
will examine potential differences in percep-
tions based on demographic factors and ex-
plore the relationships between appeal and ef-
fectiveness for both students and teachers. The
findings of this study have the potential to sig-
nificantly impact the development and imple-
mentation of virtual laboratory technologies in
science education, particularly in resource-
constrained settings.

Literature Review
Systematic Reviews of Virtual and Remote
Laboratories

The integration of virtual laboratories into
physics education is a growing trend, with nu-
merous studies highlighting their pedagogical
affordances and impact on learner outcomes.
Virtual labs provide educational institutions
with an adaptable tool that supports various
learning modalities, accommodating students
who may not attend on-campus classes by of-
fering remote access to the necessary re-
sources (Hassan et al., 2022). The pedagogical
affordances of virtual labs are significant and
include fostering a flexible learning environ-
ment that promotes technological integration
in education through virtual reality (VR) and
augmented reality (AR) tools (Zhang and Liu,
2024). This flexibility is particularly beneficial
during necessary remote learning, such as dur-
ing the COVID-19 pandemic, when traditional
in-person lab experiences faced logistical chal-
lenges. Virtual labs offer practical alternatives
to physical labs, allowing experimental tasks to
be performed without spatial or temporal re-
strictions (Poo et al., 2023; Lai and Cheong,
2022). Moreover, virtual laboratories are effec-
tive in enhancing the learning outcomes. They
support learning activities comparable to real
laboratories, with reported improvements in
student engagement and understanding of the-
oretical content. For instance, studies have re-
vealed that virtual labs can bolster content
knowledge and inquiry skills when integrated
into traditional teaching practices, particularly
with adequate teacher feedback (Asiksoy,
2023; Fadda et al,, 22022) This integration is
critical for improving perceptions and attitudes
toward lab activities, ultimately contributing to
a more effective learning process (Asiksoy,
2023; Alhashem and Alfailakawi, 2023). In the
context of physics education, augmented real-
ity, a facet of virtual labs, exemplifies how tra-
ditional materials can be adapted to modern
learning approaches, allowing students to ac-
cess resources beyond the constraints of tradi-
tional classroom settings (Lai and Cheong,
2022).
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Augmented Reality-Based Learning Aids
(AR-BLA)

Augmented Reality-Based Learning Aids
(AR-BLA) have demonstrated promising po-
tential to overcome the limitations of tradi-
tional STEM education, particularly in offering
immersive and technologically enriched learn-
ing experiences. The integration of AR into
STEM subjects has been shown to significantly
enhance educational outcomes and student en-
gagement. A review of numerous studies em-
phasizes that AR applications, especially when
used in informal science education settings, can
lead to positive learning outcomes and in-
creased engagement (Goff et al., 2018). Another
study highlights that smartphone and tablet-
based AR solutions are the most commonly em-
ployed technologies in K-12 STEM learning, of-
fering situated, task-based, and game-based
learning strategies that positively affect both
individual learners and the educational process
(Jiang et al, 2025). AR has also been success-
fully integrated with computational thinking
frameworks to enhance hands-on learning ex-
periences in STEM courses in higher education.
This integration supports the development of
higher-order thinking skills, practical exper-
tise, and engagement through approaches such
as computational thinking scaffolding (Lee et
al,, 2023). Furthermore, AR fosters collabora-
tive learning and critical thinking skills, as ob-
served in robot programming activities, by en-
hancing group learning and maintaining en-
gagement, although it can have unequal im-
pacts depending on participants’ access to re-
sources (Radu et al, 2021). Despite these ad-
vantages, challenges are associated with the
implementation of AR in education. These in-
clude issues related to teacher training, tech-
nical problems, classroom management, and
costs associated with infrastructure and equip-
ment (Sirakaya and Sirakaya, 2020). However,
studies suggest that when these challenges are
adequately addressed, AR can significantly mo-
tivate students and improve their interactions
with STEM subjects. The potential of AR in ed-
ucation extends beyond the classroom, impact-
ing student motivation, learning outcomes, and
knowledge retention through immersive and
interactive experiences (Algerafi et al., 2023).
Additionally, initiatives such as MatAR aim to

make STEM education more inclusive by
providing color-blind-friendly AR solutions,
thus promoting equitable and quality educa-
tion (Mohammadi et al., 2023).

Sustainable, Low-Resource Laboratory Inno-
vations

In developing countries, innovative ap-
proaches to laboratory resources have
emerged, leveraging renewable energy tech-
nologies to address infrastructure and re-
source constraints. Solar-powered lab Kits pro-
vide a sustainable solution by harnessing solar
energy, a widely available resource, particu-
larly in regions with high sun exposure. These
kits are typically designed to operate efficiently
with minimal energy consumption, which helps
power essential laboratory equipment in off-
grid or low-resource settings. For instance,
wireless sensor network nodes powered by
small solar panels connected to energy-har-
vester circuits demonstrate the potential of so-
lar technology to provide self-powering capa-
bilities essential for laboratory functions
(Sharma et al,, 2018). Furthermore, kiosk-style
"lab-in-a-box" solutions present another inno-
vative approach, particularly for off-grid
schools. These portable laboratories are de-
signed to be easily transportable and set up,
providing a comprehensive suite of scientific
tools and resources that can operate inde-
pendently of traditional power grids. This
setup is crucial for rural or remote educational
institutions, where conventional laboratory fa-
cilities might be lacking. The integration of so-
lar and other renewable energy sources into
these systems not only ensures availability and
sustainability but also aligns with the global
goals of reducing carbon emissions and pro-
moting clean energy (Pandey etal., 222022; Ug-
woke et al,, 2020). These innovations highlight
the potential of renewable technologies to
transform educational assets in developing
countries and bridge the gap in scientific edu-
cation and practice.

Philippine-Context Studies of Virtual/AR
Labs

In the Philippines, the integration of virtual
and augmented reality (VR/AR) into educa-
tional settings, especially within the K-12
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curriculum, has attracted significant attention.
The Department of Education (DepEd) has ini-
tiated pilot programs featuring virtual physics
laboratories for senior high school students,
marking a strategic shift towards enhancing
educational engagement and effectiveness
through digital innovation. These virtual labs
provide a simulated environment for students
to conduct experiments, fostering an interac-
tive learning experience that may be more en-
gaging than traditional methods (Maas &
Hughes, 2020). Simultaneously, local studies
on the usability of AR apps aligned with the K-
12 curriculum have indicated a positive recep-
tion among students, boosting both motivation
and comprehension capabilities (Deng et al,
2024; Badilla-Quintana et al,, 2020). Research
highlights the potential of AR and VR technolo-
gies to address diverse learning needs, includ-
ing those of students with special educational
requirements, thereby promoting inclusivity
(Badilla-Quintana et al., 2020). Furthermore, a
study conducted by Anselmo et al. (2024) ex-
amined the application of AR and VR in the Fil-
ipino context, aiming to assess the educational
benefits and challenges these technologies pre-
sent. Anselmo's work typically focuses on user
engagement and effectiveness, offering insights
that are crucial for curriculum design strategies
involving VR/AR. Information regarding the
Philippine context of virtual and AR labs in ed-
ucation is based on the available literature. Sus-
tainable, Low-Resource Laboratory Innova-
tions Case studies of solar-powered and low-
cost lab kits in developing countries Evalua-
tions of kiosk-style “lab-in-a-box” solutions for
off-grid schools.

Methods
Research Design

Using a quantitative research design, this
study aimed to quantify the relationship be-
tween variables and test hypotheses using sta-
tistical analysis (Kohler, 2022). The quantita-
tive research design provided a structured and
rigorous approach to investigate the percep-
tions of teachers and students regarding TVL
and its AR features in physics education. By em-
ploying quantitative methods, this study aimed
to generate objective and generalizable

findings that contribute to the body of
knowledge in this field.

Respondents of the Study

A systematic sampling strategy was used to
select a representative sample of students who
met the inclusion criteria for this study. Sample
size calculations were conducted to ensure the
statistical power and reliability of the findings.

Data Gathering Instrument

Quantitative data collection methods were
employed to gather numerical data from partic-
ipants. Surveys or questionnaires can be uti-
lized to collect responses related to percep-
tions, ratings, and demographic information.
These instruments are designed using Likert
scales or other quantitative measures.

Data analysis

The research instrument utilized for data
gathering in this study was the "Student Ac-
ceptance of Virtual Laboratory questionnaire,"
adapted from Park (2009). This questionnaire
aimed to measure students' acceptance of vir-
tual laboratory activities, particularly in the
context of physics education. The instrument
consists of 37 items rated on a 5-point Likert
scale ranging from 1 ("strongly disagree") to 5
("strongly agree").

The questionnaire was divided into two
main sections: Part 1 focused on demographics
for students, while Part 2 gathered feedback on
technological usage and educational tools spe-
cifically from students.

Part 2 is structured into several sections,
each containing Likert scale items related to
various aspects of laboratory activities, includ-
ing access to equipment, effectiveness of cur-
rent activities, and frequency of hands-on expe-
rience.

The validity and reliability of the instru-
ment were established through several means.
First, the questionnaire items were adapted
from study of Anselmo et..al (2024) an instru-
ment previously validated by Park (2009) to
ensure their content validity. Pilot testing was
conducted to assess the clarity and validity of
the survey items before their full implementa-
tion. Furthermore, the use of Likert-scale
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responses allowed for the quantitative analysis
of responses, contributing to the reliability of
the instrument.

Data Gathering Procedure

The data-gathering procedure for this
quantitative research design involves a system-
atic approach to collecting numerical data from
participants using carefully designed research
instruments. First, research instruments, such
as surveys or questionnaires, were developed
based on the research questions and hypothe-
ses outlined in the study. These instruments
were designed to ensure clarity, relevance, and
alignment with the study objectives. Prior to
the full implementation, a pilot test was con-
ducted with a small sample of participants to
assess the clarity and validity of the survey
items, incorporating any necessary revisions
based on feedback. Following instrument prep-
aration, the sampling strategy was determined,
including identification of the population of in-
terest and the criteria for inclusion. Using a sys-
tematic sampling approach, participants were
selected at regular intervals until the desired
sample size was achieved, ensuring represent-
ativeness and minimizing bias.

Once participants were selected, the data
collection process began with the distribution
of the finalized research instruments. Clear in-
structions were provided to the participants,
along with assurances of confidentiality and
anonymity, to encourage honest and thoughtful
responses. Participants were given sufficient
time to complete the survey, and data collec-
tion may have occurred through various
means, including in-person distribution, email
dissemination, or online survey platforms.
Upon collection of completed surveys or ques-
tionnaire responses, data management proce-
dures were implemented to accurately record
and enter the data into a secure database or
spreadsheet.

Subsequently, the collected data were sub-
jected to descriptive statistical analysis to sum-
marize the sample characteristics and key var-
iables, followed by inferential statistical analy-
sis to test the hypotheses and explore the rela-
tionships between variables. The interpreta-
tion of the analysis results was conducted in re-
lation to the research objectives, with findings

presented clearly using tables, graphs, and de-
scriptive statistics. Finally, the implications of
the findings are discussed, highlighting the lim-
itations of this study and suggesting directions
for future research. Overall, adherence to this
systematic data-gathering procedure enables
researchers to rigorously collect, analyze, and
interpret quantitative data to address the re-
search questions and contribute to advance-
ments in the field of physics education and ed-
ucational technology.

Statistical tools employed in this research
encompassed both descriptive and inferential
analyses to address specific research ques-
tions. Descriptive statistics, including frequen-
cies and percentages, were used to profile stu-
dents based on sex and grade level. Means and
standard deviations summarize students' per-
ceptions of the TVL's appeal and effectiveness
in learning physics concepts compared to tradi-
tional laboratory activities. Similarly, descrip-
tive statistics were used to assess the effective-
ness of AR features in enhancing student en-
gagement and understanding of physical con-
cepts. For inferential analysis, chi-square tests
or logistic regression analysis were used to ex-
amine the relationship between student pro-
files and their perceptions of the TVL. Addition-
ally, Pearson correlation analysis or multiple
regression analysis explored the relationship
between students' perceptions of the TVL and
their agreement on the effectiveness of AR fea-
tures in enhancing engagement and under-
standing of physics concepts. These statistical
tools provide a comprehensive approach to
data analysis and effectively address the re-
search questions.

Ethical Considerations

Participation was voluntary, with the right
to withdraw at any time. No personal identifi-
ers were recorded, the and data were stored on
a password-protected drive accessible only to
the research team. This study complied with
the Declaration of Helsinki and the institutional
ethical guidelines.

Results and Discussion
The students’ profiles are listed in Figure
1&2. The gender distribution of respondents
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was balanced, with 51.7% female and 48.3%
male. The majority of students (77.6%) were at

Student Profiles: Gender Distribution

e Male
Female =1.1%

the tertiary education level, followed by junior
high (13.8%), and senior high (8.6%).

Student Profiles: Educational Level Distribution
Senior High

2% Junior Higt

77.6%

Tertiary Level

Table 1. Level of agreement between the students' frequency of laboratory activities and the current

effectiveness of laboratory activities

Variable Mean Description SD
Frequency of Activities 3.4 Agree 0.9
Learning from activities 3.8 Agree 1.0

Portable augmented reality (AR) has signif-
icant potential for enhancing physics education
by engaging students and improving their
learning experiences. Numerous studies have
highlighted its applications and student per-
ceptions of its effectiveness. For instance, re-
search has shown that mobile AR integration in
physics classes has elicited positive responses
from students, improving their overall learning
experience and providing a valuable tool for ex-
plaining complex scientific concepts (Bangga-
Modesto 2024). AR applications offer a gami-
fied learning experience that enhances cogni-
tive and motivational results. A study involving
the use of AR applications in K-12 education
found that students and teachers positively re-
ceived the technology, indicating a desire to in-
tegrate it into regular teaching processes (Voli-

oti et al, 2022). In the realm of physics labora-
tory experiences, AR can reduce cognitive load
and improve learning performance by provid-
ing real-time visualization and integration of
virtual elements into physical experiments.
Studies have demonstrated that AR-supported
physics experiments, such as the visualization
of electrical circuits, can aid conceptual learn-
ing and representation, thus enhancing stu-
dents' understanding of complex topics (Lauer
et al, 2020). Moreover, AR has been shown to
effectively address learning anxiety, as its en-
gaging nature can motivate students and lead
to improved performance, regardless of their
initial anxiety levels. This suggests that AR can
create an inclusive and supportive learning en-
vironment that fosters positive student atti-
tudes towards learning (Yu et al.,, 2022).

Table 2. Level of agreement of students’ appeal and effectiveness of the Traveling Virtual Lab (TVL)

for learning physics concepts

Variable Mean Description SD
Appeal of the TVL 3.9 Agree 1.1
Effectiveness of the TVL 3.9 Agree 1.0

The integration of portable augmented re-
ality (AR) in physics education has sparked
considerable interest among educators and

students, as it has the potential to enhance
learning experiences. The Traveling Virtual Lab
(TVL) represents one such implementation,
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designed to make abstract physics concepts
more accessible through immersive and inter-
active experiences in a virtual environment.
The study on student perceptions of TVL high-
lighted its appeal and effectiveness, with both
variables receiving a mean rating of 3.9, indi-
cating agreement among participants. Students
perceive augmented reality as an engaging tool
that enhances their motivation and under-
standing of physics concepts by allowing them
to visualize and interact with complex scientific
phenomena more concretely. The use of AR in
educational settings can also facilitate collabo-
rative learning approaches, enrich student-

teacher interactions, and potentially elevate
overall academic performance by making diffi-
cult concepts more graspable (Zatarain-Cabada
et al,, 22022; Wibowo, 2023; Lai and Cheong,
2022). Despite these promising benefits, the
successful implementation of AR in education
requires consideration of challenges such as
technological accessibility and the need for
teacher training (Lai and Cheong, 2022 ; Rodri-
guez et al, 22023) Overall, portable AR tools
such as TVL demonstrate significant potential
to enhance the physics learning experience by
offering students interactive and appealing ed-
ucational environments.

Table 3. T-test for Independent Samples results of the appeal of TVL in students in learning physics

concepts when classified according to sex

Sex M t-value df Sig. (2-tailed)
Male 3.7 -1.30 55 .188
Female 4.1

The study of the potential of Portable Aug-
mented Reality (AR) through a Traveling Vir-
tual Lab (TVL) offers rich insights into its appli-
cations and student perceptions in physics ed-
ucation. Augmented reality applications have
been shown to significantly aid educational
processes by creating interactive learning envi-
ronments that enhance student engagement
and motivation. In physics education, AR can be
particularly effective in enabling students to
visualize complex concepts and conduct virtual
experiments that would otherwise be inacces-
sible (Lai and Cheong, 2022; Bajaj, 2023). Re-
search indicates that using AR fosters higher
levels of student motivation and engagement
than traditional learning methods because it
makes learning more immersive and interac-
tive (Algerafi et al., 2023). For example, a study
focusing on the use of AR in teaching dynamics
and kinematics reported significant positive
impacts on student motivation when AR envi-
ronments were used, suggesting that such im-
plementations could lead to deeper learning

and a greater appreciation of the subject matter
(Zatarain-Cabada et al., 2022). Meanwhile, the
adoption of AR in laboratorysettings provides
opportunities to overcome challenges linked to
spatial and resource constraints, allowing stu-
dents to perform experiments virtually that
they might not be able to do in a physical labor-
atory (Lai and Cheong, 2022). Despite these
benefits, challenges remain, such as ensuring
the availability of devices and sufficient train-
ing for educators to effectively integrate AR
into their teaching methods (Rodriguez et al,,
2023). The T-test result in the study indicates
no significant difference in the appeal of the
TVL between male and female students for
learning physics concepts, as reflected by a p-
value of .188. This suggests comparable levels
of acceptance and interest in AR tools among
different genders (Zatarain-Cabada et al,
2022). Overall, the potential of portable AR in
physics education seems promising, with broad
implications for enhancing students’ learning
experiences.
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Table 4. One-way Analysis of Variance (ANOVA) results of the appeal of TVL in students learning
physics concepts when classified according to the grade level attended

Sum of Squares df Mean Square F Sig.
Between Groups 1.158 2 .579 47 .624
Within Groups 67.019 55 1.219
Total 68.177 57

Portable augmented reality (AR) has signif-
icant potential in physics education, providing
innovative ways to engage students and en-
hance their learning experience. The use of AR
in educational settings helps students under-
stand complex physics concepts through inter-
active and immersive experiences. Research
has demonstrated the benefits of AR in educa-
tional settings. For instance, AR-based learning
environments, such as FisicARtivo, signifi-
cantly boost student motivation by improving
visual representation and facilitating interac-
tive learning experiences (Zatarain-Cabada et
al, 2022). AR technology promotes critical
skills such as critical thinking, collaboration,
communication, and creativity when inte-
grated into physics learning, aiding the com-
prehension of concepts such as marine physics
(Wibowo, 2023).Moreover, AR can help stu-
dents visualize difficult and abstract concepts,
such as electromagnetism, which are not easily
observable. The technology offers visualiza-

tions that aid learning through shared under-
standing and improved communication, alt-
hough it can occasionally distract from kines-
thetic content (Radu and Schneider, 2023).
Other studies have highlighted the technology's
ability to integrate digital information with the
physical world, minimizing cognitive load and
promoting collaborative inquiry (Vidak et al,
2024). Despite these benefits, there are chal-
lenges to consider when implementing AR in
physics education. Issues such as software and
hardware limitations, such as camera freeze or
visualization delays, can hinder learning (Vidak
et al, 2024). In addition, the novelty of AR can
lead to a tunnel vision effect, where students fo-
cus more on digital augmentation than on the
main content.

Is there a significant difference in students’ level
of agreement on the effectiveness of the TVL
when classified according to sex and grade level
attended?

Table 5. T-test for Independent Samples results of the effectiveness of TVL in students in learning
physics concepts when classified according to sex

Sex M t-value df Sig. (2-tailed)
Male 3.7 -1.08 55 .283
Female 4.0

shows that there is no significant different in the effectiveness of TVL between male (M=3.7)

and female (M=4.0) students, t (55) =-1.08, p =.283)

The T-test for independent samples as-
sessing the effectiveness of the Travelling Vir-
tual Lab (TVL) in students' learning of physics
concepts shows no significant difference be-
tween male and female students. The mean ef-
fectiveness score for males was 3.7, and for fe-
males, it was 4.0. An independent samples t-
test was conducted to compare the effective-
ness of TVL between the two groups, resulting
in a t-value of -1.08 with 55 degrees of freedom

and a p-value of 0.283. These results indicate
that the observed difference in effectiveness
scores between male and female students is not
statistically significant, suggesting that the TVL
is equally effective across sexes. While the
query specifies analysis by sex, current studies
may emphasize effectiveness across other fac-
tors, such as motivation and training modules
(Pande and Jepsen, 2024; Srinivasa et al,
22020)
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Table 6. One-way Analysis of Variance (ANOVA) results of the effectiveness of TVL in students learn-
ing physics concepts when classified according to the grade level attended

Sum of Squares df Mean Square F Sig.
Between Groups 1.015 2 .508 A7 .628
Within Groups 50420 55 1.080
Total 60.435 57

Revealed that there was no significant dif-
ference in the effectiveness of the TVL when
students were classified according to their
grade level, F (2,55) = .47, p =.628.

Table 6 presents the results of a one-way
Analysis of Variance (ANOVA) examining the
effectiveness of the Travelling Virtual Lab in
teaching physics concepts to students when
categorized by grade level. The analysis
showed no statistically significant difference in
the effectiveness of the lab across different
grades. Specifically, ANOVA revealed an F-ratio
of 0.47 with a p-value of 0.628, indicating that
the observed differences in learning outcomes
among the various grade levels were not statis-
tically significant. The sum of squares between
groups was 1.015 with 2 degrees of freedom,
and the within-group sum of squares was
59.420 with 55 degrees of freedom, leading to
a total sum of squares of 60.435 across 57 df.

Conclusion

This study investigated students' percep-
tions of the Traveling Virtual Lab (TVL), a port-
able augmented reality (AR) tool for physics
education. The results indicate that students
found the TVL appealing and effective for learn-
ing physics concepts, with mean ratings of 3.9
for both appeal and effectiveness. No signifi-
cant differences were found in perceptions
based on gender or grade level, suggesting the
potential for broad applicability across student
demographics. This study highlights the prom-
ise of portable AR in enhancing physics educa-
tion by providing immersive and interactive ex-
periences that can visualize complex concepts
and overcome resource constraints. However,
challenges remain, including technological ac-
cessibility and the need for training teachers.
Overall, TVL and similar portable AR tools
demonstrate significant potential to enhance
physics learning experiences by offering stu-

dents engaging and interactive educational en-
vironments. Future research should focus on
addressing implementation challenges and fur-
ther explore the long-term impact on student
learning outcomes.

Recommendation and Future Research

Recommendations can be made for future
research and practical applications. First, fur-
ther studies should explore the long-term ef-
fects of the identified factors on organizational
performance using longitudinal research de-
signs to capture changes over time. Addition-
ally, researchers could investigate the potential
moderating or mediating variables that influ-
ence the relationship between key factors and
organizational outcomes. Cross-cultural stud-
ies should be conducted to determine whether
the findings are generalizable to diverse cul-
tural contexts. From a practical standpoint, or-
ganizations should consider implementing
strategies to enhance employee engagement,
foster a positive work environment and pro-
mote effective leadership practices. Future re-
search should focus on developing and testing
interventions aimed at improving these critical
areas. Finally, exploring the impact of emerging
technologies and digital transformation on or-
ganizational dynamics can provide valuable in-
sights for both scholars and practitioners in the
rapidly evolving business landscape.
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