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INTRODUCTION

In the increasingly developing digital era, information and communication technology (ICT)
is the main driver of transformation in various sectors, including education. One of the latest
innovations in the field of engineering education is cloud-based remote laboratories. By offering
innovative solutions that enable broad access and save costs to laboratory experiments, both for
mechatronics and engineering education (Vitliemov et al., 2020). The Industrial Revolution 4.0 and
advances in Internet of Things (IoT) technology have created new opportunities to face these
challenges through the use of cloud-based remote laboratories. This technology allows students in
remote locations to access virtual laboratories anytime and anywhere with an internet-connected
device. By leveraging a cloud platform, the laboratory can offer a variety of experiments and
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simulations relevant to today's industrial needs, which were previously difficult to do without a
physical presence in a traditional laboratory (Nugraha et al., 2021; Chamunorwa et al., 2021).

These remote laboratories allow users from various locations to perform experiments that
may not be available locally, thereby expanding educational opportunities and research applications
(Mokhtar et al, 2014). In addition, they can improve the learning experience by providing
computer-based interactive teaching materials and overcoming geographic, social and economic
challenges, especially in areas with limited resources, such as Indonesia as a developing country
(Diwakar et al., 2019). The need for effective distance learning solutions is increasingly urgent, and
this laboratory is one answer to maintaining the quality of education amidst physical limitations.

Indonesia as an archipelagic country with more than 17,000 islands faces major challenges,
especially in dealing with gaps in access to education, especially in technical education which
requires adequate laboratory facilities. Many educational institutions in remote and less developed
areas do not have sufficient resources to build and maintain adequate physical laboratories,
resulting in students lagging behind in technical abilities and career opportunities compared to their
peers in more developed urban areas (Nan Cenka & Hasibuan, 2013).

Cloud-based remote laboratories have the potential to overcome this problem without
having to require a lot of costs but can also expand the reach of technical education to previously
inaccessible areas by providing access to resources widely through digital devices. The application
of this technology in Indonesia is expected to increase quality of engineering education and
preparing a more competent workforce in the future (Pastor et al.,, 2013). However, there are
challenges such as limited internet access in remote areas and the initial costs of developing cloud
infrastructure and teacher training (Caminero et al., 2016). Other challenges include difficulties in
collaborative learning in virtual environments, which requires the development of innovative
solutions such as collaborative virtual computer lab (CVCL) environments (Hu et al., 2018).
However, the transition to virtual spaces during the COVID-19 pandemic highlighted challenges in
providing effective laboratory experiences and raised concerns about gaps in student achievement
(Poo et al., 2023).

This research focuses on analysing the implementation of cloud-based remote laboratories
in engineering education in Indonesia, with the aim of understanding the existing challenges and
opportunities, as well as providing recommendations for improving the quality and accessibility of
engineering education throughout the country. It is hoped that the successful application of this
technology can reduce the education gap between urban and rural areas, as well as increase
Indonesia’s competitiveness in the fields of technology and industry in the future. Nonetheless, full
realization of their potential requires addressing challenges related to collaboration, curriculum
integration, and ensuring equitable access to quality learning experiences (Chen, 2023; Hu et al,,
2018).

LITERATURE REVIEW

The literature on technology in education emphasizes the transformative impact of cloud
solutions in remote and resource-constrained environments. The integrity of cloud-based remote
labs into local education is based on several theoretical frameworks that emphasize the importance
of accessibility, technology integration, and educational equity. The transition to Emergency Remote
Teaching (ERT) highlights the need for educational solutions that can adapt and respond to various
contexts, including in rural Indonesia (Cahyadi et al., 2021). Study by Martin-Someret and Verma,
et al, highlights how cloud-based educational tools have the potential to increase student
engagement and facilitate personalized learning experiences (Martin-Sémer et al., 2024; Verma et
al., 2023).

One of the most significant frameworks for implementing cloud-based remote laboratories is
the Technology Acceptance Model (TAM). This model was extended to assess factors influencing the
acceptance and use of e-learning platforms, especially during the pandemic. In educational activities
in Indonesia, factors such as perceived ease of use, perceived benefits, and ease of conditions are
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very important in determining the effectiveness of technology integration (Sukendro et al., 2020).
Implementing a cloud-based remote laboratory depends on the availability of reliable digital
infrastructure, including internet connectivity, access to digital devices, and technical support.
Research shows that lack of infrastructure is a major barrier to implementing distance learning
solutions in rural areas (Aditya et al., 2022).

Cloud-based remote laboratories offer a flexible and cost-effective solution to bridge the
educational gap in rural and disadvantaged areas. These laboratories enable students to conduct
experiments and access technical education resources remotely, which is particularly beneficial in
regions with limited physical infrastructure. The integration of mobile learning and cloud-based
platforms has been shown to support equitable access to education by overcoming geographical
barriers (Sulisworo et al., 2021). The successful implementation of cloud-based remote laboratories
requires careful planning and consideration of local contexts.

The comparison between traditional technical education methods and cloud-based remote
laboratories reveals important differences, particularly in learning quality. Traditional methods
offer direct physical interactions that reinforce learning through hands-on experience. In contrast,
cloud-based remote labs, while lacking physical interaction, deliver greater flexibility and can
achieve comparable or even superior learning outcomes in certain situations. Cloud-based remote
labs present a more adaptable, cost-effective, and inclusive alternative to traditional technical
education. Despite areduction in hands-on experience, this technology offers significant advantages
in accessibility, cost savings, and scalability, making it an increasingly favored option in higher
education.

The use of cloud-based laboratories supports the development of 21st-century skills such as
critical thinking, creativity, and digital literacy, which are important for today's students. Cloud-
based systems' flexibility and scalability enable personalized learning experiences and address the
diverse needs of students in rural and disadvantaged areas (Bento Silva et al., 2020).

METHODS

The following are the research steps used to achieve the research objectives:

Literature Deployment Analyzes the Benefit and
Review Examples Potential Recomendation

1. Literature Review

This step aims to identify, collect, and analyze previous research on the use of cloud-based
remote laboratories in the context of engineering education in rural and disadvantaged areas. A
literature review includes identifying sources from relevant academic databases, filtering
literature based on inclusion and exclusion criteria, in-depth analysis of the content of selected
articles, and synthesizing findings to build a theoretical foundation for this research. The results
of this literature review are expected to provide a significant contribution in understanding the
role of cloud-based remote laboratories in improving the accessibility and quality of engineering
education in Indonesia.

2. Deployment Examples

This research uses an example deployment to provide a real illustration of the implementation
of a cloud-based remote laboratory in rural and disadvantaged areas. in Indonesia. With
strategically selected case studies, this research documents the application of processes,
challenges, solutions, and the impact of this technology on the quality of engineering education
in underserved areas. This research explores aspects such as geographical and socio-economic
conditions, implementation processes, challenges faced, as well as the results and impacts of
using this technology. The aim is to provide practical guidance for educational institutions in

JBTE, 2024, 1(1), 1-9



ENHANCING THE ACCESSIBILITY OF TECHNICAL EDUCATION IN INDONESIA: THE ROLE OF | 4
CLOUD-BASED REMOTE LABORATORIES IN RURAL AND DISADVANTAGED AREAS

Indonesia and contribute to the global literature on the use of educational technology to reduce
educational disparities in remote areas.

3. Analyzes the Potential

The aim of this analysis is to shine a light on the extent to which this technology can be applied
effectively to overcome various challenges faced by educational institutions in areas lacking
infrastructure and resources. By considering several things as the main focus in this analysis,
including increasing accessibility, learning effectiveness, scalability and adaptability, cost
efficiency, and reducing educational gaps. This research aims to provide nuance an
understanding of the extent to which cloud solutions can do this address the unique challenges
faced by remote schools in Indonesia

4. Benefit and Recommendation

Apart from being based on a literature review, development examples, and potential analysis,
this research uses the Benefit and Recommendation method to start the role of a cloud-based
remote laboratory. This method aims to provide a comprehensive understanding of the benefits
of cloud-based remote laboratories as well as provide practical recommendations to improve
implementation and impact in Indonesia. This, of course, includes some information related to
the positive impact on student learning, teacher effectiveness, and educational infrastructure
globally. This research also makes recommendations to several parties such as policymakers,
educators and other stakeholders. In addition, supporting suggestions that include successful
implementation, considerations in facing challenges and changes, as well as strategies for
overcoming these challenges also support providing actionable insights to help improve
education in remote schools in Indonesia through the effective use of cloud solutions.

RESULT

Before digging deeper into the potential of cloud technology for remote schools in Indonesia.
The following are examples of Cloud-Based Remote Laboratories tools and platforms that have been
implemented in remote areas to support technology education, especially in situations where access
to physical laboratories is limited. Table 1 shows that it allows students and researchers to carry out
experiments and practice online without requiring direct access to a physical laboratory.

Table 1. The application of cloud technology
Application in

No. Tools Cloud Remote School Result

1. Remote Laboratory Using a mobile-based Restful To manage laboratory access efficiently,
Management Web Service method. Focuseson reduce energy consumption and
Application the use of tools such as minimize equipment investment costs.

oscilloscopes and remote signal

Mebiyantara et al., generatorswithweb technology. Advantage :

(2021) a. Easy and Flexible Access: Accessible
from anywhere with an internet
connection, increasing productivity.

b. Better Collaboration: Facilitates real-
time team collaboration from multiple
locations.

¢. Reduced Infrastructure Costs: Reduces
hardware and maintenance costs as
the cloud service provider manages it.

d. Data Security: provides encryption
and regular backups, protecting data
from loss or theft.

e. Scalability: Easily scales as needed
without large investments in physical
infrastructure.

f. Automatic Updates: Software updates
are performed automatically by the
service provider.
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No. Tools Cloud

Application in
Remote School

Result

Disadvantages:

a.

Dependence on Internet Connection:
The system depends on the quality of
the internet connection, which can
disrupt work if interrupted.
Subscription Fee: Requires an ongoing
subscription fee which may increase
with usage.

Data Security: Still at risk of security
threats like hacking, even though it is
safe.

Lack of Direct Control: Users have
limited control over the physical
infrastructure.

Compliance [ssues: Potential
compliance issues with regulations
regarding storing data on third-party
Servers.

2. loT-Based
Laboratory

Remote
for

Microscope Practice

Kustija &
(2022)

Jayanto

By utilizing the Internet of
Things (IoT) to control and
monitor laboratory equipment
in real-time.

Students can carry out microscope
practicum remotely via internet access.

Advantage :

d.

Remote Access: Students and
researchers can  operate  the
microscope from anywhere without
needing to be physically present.
Time and Cost Efficiencies: Reduce
travel requirements and costs, and
increase accessibility.

Optimal Use of Tools: Tools can be
used interchangeably by multiple
users, increasing efficiency.

Improved Learning: IoT enables better
data tracking and analysis, providing
detailed feedback.

Enhanced Collaboration: collaborate
in real-time between users from
different institutions or countries.
Centralized Monitoring and
Management: Laboratories can
monitor and manage remotely,
improving control quality

Disadvantages:

a.

Implementation Costs: IoT and cloud
infrastructure can be expensive to
implement.

Lack of Physical Touch: Users may
miss out on the practical experience
they usually get in person.

Latency Issues: There is a possibility of
delay in data transmission, which
affects the user experience.

Technical ~ Complexity:  Requires
higher technical knowledge for use
and maintenance

3.  Development of

Web-Based
Time
Laboratory

Real-
Remote

This  laboratory = combines
Human-Computer Interaction
(HCI)  with  control  and
communication systems,

Increase access to quality education and
reduce the gap between urban and rural
schools.
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Application in

Remote School
utilizing Node-RED as a Advantage :
Mahmud et al, connecting platform to provide a. Global Accessibility: Users can access
(2020) online access to laboratory the laboratory in real-time from
facilities via a web interface. various locations.

b. Interactive Learning: Users can
interact directly with laboratory
equipment via the web, enhancing the
learning experience.

c. Resource  Efficiency:  Laboratory
equipment can be used
interchangeably by multiple users,
increasing efficiency.

d. Low Operational Costs: Reduced
physical infrastructure requirements
lower operational costs.

e. Easy Updates: Software updates and
maintenance are done automatically.

Disadvantages:

a. Dependence on the Internet:
Performance depends on the stability
and speed of the internet connection.

b. Latency Issues: Delays in data
transmission can affect the quality of
experiments.

c. Initial Implementation Costs:
Developing and implementing a
cloud-based web system can be
expensive.

d. Lack of Practical Experience: Users
may miss the hands-on experience of
a physical laboratory.

e. Technical Limitations: Not all
experiments are accessible or well
replicated over the web.

f. Resistance to New Technology: Some
users may be reluctant to switch to
cloud-based systems.

No. Tools Cloud Result

DISCUSSION

Based on examples of implementing Cloud-Based Remote Laboratories tools and platforms in
Table 1, the author summarizes several potential solutions for Cloud-Based Remote Laboratories
which are presented in table 2. The form of educational development in Indonesia, especially in
remote areas, is of particular concern to all parties. Cloud-Based Remote Laboratories is not only the
responsibility of individuals and educational institutions, but the government also has an important
role in designing and improving Accessibility of Technical Education in Indonesia. Governments can
play a role in several key aspects that will help facilitate wider and more sustainable
implementation of this technology.

In addition, it is important for the government to provide digital learning platforms that can
be accessed by all groups, including students in remote areas with limited infrastructure. The
government needs to continue developing information and communications technology (ICT)
infrastructure throughout Indonesia, including rural and remote areas, to ensure more equitable
accessibility. This is in line with the digital transformation initiative in Indonesia which aims to
develop digital infrastructure and increase digital literacy in remote areas (Saputra et al., 2023).

Collaboration between government, the private sector and educational institutions is very
important to improve the quality of technical education in remote areas. The government can
collaborate with the private sector to provide training to teachers and other education personnel in
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the use of cloud-based technology. This training will ensure that the technology is applied
effectively in the learning process and can reach all levels of society. The combination of the right
policies and infrastructure support can accelerate equitable access to technical education
throughout Indonesia and improve the quality of human resources in the digital era.

Table 2. Analyzes the Potential

No. Analyzes the Potential Description

1. Increasing accessibility The potential that can be taken is that it can overcome geographical,
time and cost barriers. This allows more individuals to get involved
in increasing educational inclusion, and prepares students to face
more global challenges.

2. Learning effectiveness As a solution, Learning effectiveness offers a more interactive,
adaptive and flexible learning experience, increasing access to
quality educational resources and reducing dependence on physical
facilities. It also increases student engagement and allows for
learning tailored to individual needs.

3.  Scalability and adaptability To be an effective and sustainable solution to overcome educational
challenges in remote areas by providing broad access to education
based on the needs of educational institutions, and ensuring that
they can adapt to changes that occur

4.  Cost efficiency Cloud solutions offer the potential for significant cost efficiencies. By
reducing the need for physical infrastructure, laboratory equipment,
and operational costs, and leveraging scalability

5.  Reducing educational gaps Cloud-based education enables access to e-learning, e-libraries, and
e-laboratories from any device, expanding the reach of education in
remote areas, and providing a laboratory experience that
approaches a physical laboratory.

CONCLUSION

The implementation of Cloud-Based Remote Laboratories in remote schools across Indonesia
presents significant potential to transform technical education by addressing key challenges such
as accessibility, learning effectiveness, scalability, cost efficiency, and reducing educational gaps. By
overcoming geographical, time, and financial barriers, these technologies facilitate greater
educational inclusion, ensuring that students in remote and underdeveloped areas have access to
quality educational resources. The government's role is critical in this transformation, particularly
in developing the necessary ICT infrastructure and providing digital learning platforms accessible
to all, including those in remote areas.

Moreover, collaboration between the government, private sector, and educational
institutions is essential to ensure that cloud-based technologies are effectively integrated into the
educational process. This collaboration includes providing training for educators and ensuring that
policies support the equitable distribution of these resources. By embracing these initiatives,
Indonesia can accelerate digital transformation, reduce educational gaps, and enhance the overall
quality of human resources, preparing students to meet global challenges in the digital era.
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