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CADT

Cambodia Academy of Digital Technology (CADT) is a national research and education
institution for Digital Technology and Innovation. Its mission is to provide high-quality
higher education and professional training in digital technology to students, professionals,
and civil servants who want to excel in the digital economy and society. CADT is the first
institution of its kind in Cambodia to focus on research and development in digital
technologies that advances knowledge and creates value from digital adoption and
transformation. CADT fosters a culture of innovation and entrepreneurship among digital
talents and innovators to support academic and socio-economic development.

CADT was established in 2014 as the National Institute of Post, Telecom, and ICT
(NIPTICT), a public institution under the Ministry of Post and Telecommunications. In 2021,
it transformed into CADT with an expanded mission to support the country’s digital
transformation agenda and the development of digital economy and society.

KONRAD
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Freedom, justice and solidarity are the basic principles underlying the work of the
Konrad-Adenauer-Stiftung (KAS). The KAS is a political foundation, closely associated with
the Christian Democratic Union of Germany (CDU). As co-founder of the CDU and the first
Chancellor of the Federal Republic of Germany, Konrad Adenauer (1876-1967) united
Christian-social, conservative and liberal traditions. His name is synonymous with the
democratic reconstruction of Germany, the firm alignment of foreign policy with the trans-
Atlantic community of values, the vision of a unified Europe and an orientation towards
the social market economy. His intellectual heritage continues to serve both as our

aim as well as our obligation today.

In our European and international cooperation efforts we work for people to be able
to live self-determined lives in freedom and dignity. We make a contribution underpinned
by values to helping Germany meet its growing responsibilities throughout the world.

KAS has been working in Cambodia since 1994, striving to support the Cambodian people
in fostering dialogue, building networks and enhancing scientific projects. Thereby, the
foundation works towards creating an environment conducive to economic and social
development. All programs are conceived and implemented in close cooperation with the
Cambodian partners on central and sub-national levels.
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FOREWORD

Dr. Sopheap SENG
President
Cambodia Academy of Digital Technology (CADT)

Jason CHUMTONG
Country Director
Konrad-Adenauer-Stiftung (KAS) Cambodia

Cambodia is in the midst of rapid development. With the ambitious aim of becoming an
Upper-Middle-Income Country by 2030 and graduating from Least Developed Country
(LDC) status even sooner, Cambodia faces numerous challenges. These goals are attainable
only through innovation and diversification, especially considering that the primary
economic drivers have been exports, construction, and tourism.

To boost the national competitiveness, Cambodia must prioritize digitalization. In an
age where information flows quickly, digital technology integration is essential. A crucial
resource is Cambodia’s young population, who are increasingly interested in digital
technologies. While the COVID-19 pandemic has been a setback, it has also served as a
catalyst for digitalization. This year's “Digital Insights: The Future of Education” outlines
this emerging landscape.

Learning is no longer limited to traditional classrooms, but the extent to which digital
tools can enhance education in Cambodia remains underexplored. This edition, therefore,
emphasizes the importance of digital tools and lifelong learning. Science, technology,
engineering, and mathematics (STEM) skills are essential for Cambodia’s future growth.
Moreover, the publication addresses the integration of digital technologies into Cambodia’s
higher education system. It also touches on challenges that might limit digitalization,
particularly in rural areas. Despite these obstacles, digital technologies can improve
access to education, support reforms, and drive economic growth, helping Cambodia to
transition from LDC status.

As a foreword to this year's Digital Insights, we aim for this publication to act as a catalyst
for dialogue and change. It outlines the existing landscape and inspires innovative solutions.
The responsibility to address these challenges and opportunities lies not just with a
single entity but is a collective task for the government, academia, private sector, and civil
society. Together, we can build a more digitally advanced and resilient Cambodia.
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Dr. Sopheap SENG
President
Cambodia Academy of Digital Technology
(CADT)

Dr. Sopheap SENG is the President of the
Cambodia Academy of Digital Technology
(CADT), a public research and education
institution specialized in digital technology
and innovation. Dr. Sopheap is also a
lecturer in computer science, he teaches
programming, database and data science.

At CADT he is currently directing the efforts
to build a digital innovation center to
contribute to the development of the digital
startup ecosystem in Cambodia. CADT is
pursuing deeper public- private cooperation
and is trying to create supportive policies
for technology entrepreneurship and
innovation. CADT is a key player in digital
skill development in Cambodia, nurturing
digital talent and innovators and is

playing an integral role as the country seeks
to formulate ground rules for its budding
startup and technology sector.

Digital Insights
Future of Education

Jason CHUMTONG
Country Director
Konrad-Adenauer-Stiftung (KAS) Cambodia

Since June 2023, Mr. Jason Chumtong has
been the Country Director of KAS Cambodia
which is based in Phnom Penh. Previously,
he worked as a Policy Advisor for Artificial
Intelligence and also contributed to the
supervision of the KAS Fellowship. Jason
Chumtong’s previous post for the Foundation
was at the KAS office in Riga for the Regional
Programme Nordic Countries. He completed
his bachelor studies in politics and
sociology at the Friedrich-Wilhelms-University
in Bonn. After a stay abroad in a Buddhist
monastery in Thailand, Jason Chumtong
completed his Master of Science at the Univer-
sity of Edinburgh. His final thesis in the
course “Science and Technology in Society”
examined the use of artificial intelligence for
autonomous driving.



EDITORIAL NOTES

Melanie GERSTER
Head of Program Department, KAS Cambodia

Pisal CHANTY
Director, Digital & Innovation Policy Research, CADT

Dear readers,

Education is one of the most important investments in our future that we can undertake.
Lifelong learning, new technologies, Artificial Intelligence - these buzzwords are all
around and affect the world of education just as much as the world of work and our
everyday lives.

With the rapid advancement of digitalization in all areas, education can and should not
fall behind when it comes to utilizing these tools for the advancement in classrooms, the
workplace and all areas of life. On the contrary, for young people to be able to make use
of all the possibilities that digitalization brings, they need to be exposed to them

at an early stage. This does not only involve access to equipment and facilities which

can be a challenge itself, but also refers to the understanding of how to use these tools
responsibly, understanding their benefits, chances and limits.

This year's edition is a common project between Konrad-Adenauer-Stiftung (KAS)
Cambodia and the Cambodia Academy of Digital Technology (CADT). In order to learn
about the Future of Education, especially in the Cambodian context, CADT and KAS bring
together researchers and practitioners from a wide range to share their expertise and
their analysis when it comes to the adaption of learning within and beyond the traditional
school context. How do teachers, universities and other institutions prepare the students
and themselves for the changes that are already underway? How can we support
learners along the way and what kind of knowledge needs to be taught when knowledge

is available everywhere?

This edition of Digital Insights was compiled to analyze all these topics and shed light on
the state of digitalization in the educational system in Cambodia and the region. We are
looking at International and Regional Trends to see where this development came from,
how the pandemic supported the speedy involvement of digital learning in certain areas
and why the continuous investment in this sector is crucial. In the Future of Education

Digital Insights
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and Lifelong Learning, we are further analyzing the importance of connecting digital
learning in and beyond the K12 educational stage and dig deeper into what our teachers
and trainers need in order to successfully transfer this knowledge to students and
support their development even after they leave the formal education sector. One of the
main topics of interest for this year’s edition and the world of education will come as

no surprise to anyone - the potential of Artificial Intelligence. How is Al used in Cambodia’s
schools and universities, how can it contribute to spark interest in STEM and what
challenges can it pose to the realm of the dissemination of information? Our case studies
are taking these questions one step further and show how digitalization is already included
throughout Cambodia. Through practical examples and questionnaires, they share best
practices and outline the potentials and challenges that the digitalization in education
can pose.

We sincerely thank all of our authors and education enthusiasts who have contributed

to this year's publication of Digital Insights. To all of our readers: We hope that you enjoy
this volume of Digital Insights and we encourage you to embrace the sphere of education
and lifelong learning in your own lives!

Let us shape the future of education together.

With best regards,

Melanie Gerster and Pisal Chanty

Digital Insights
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Melanie GERSTER
Head of Program Department
KAS Cambodia

Melanie Gerster is the Head of the Program
Department at Konrad-Adenauer-Foundation
Cambodia. Her research focus includes
education policies, digitalization and global
governance. She is qualified in governance
and public policy with a keen interest in
education policy programming, multilateral
programmatic and administrative implemen-
tation along with policy research. Trained as
a political scientist, her professional experience
has included short-term associations with
the United Nations, international conferences
(G20, LAC, UNFCCC Conference of Parties,
UN SDG Action Campaign Festival), national
and local governments as well as the
private sector. She holds a B.A. in Political
Science and German Philology and an M.A.
in Governance and Public Policy.
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Pisal CHANTY
Director, Digital & Innovation
Policy Research

CADT

Mr. Chanty Pisal is the Director of Digital
and Innovation Policy Research Center of the
Cambodia Academy of Digital Technology
(CADT). He is also the project coordinator of
the Assessing Internet Development in
Cambodia using UNESCO Internet Universality
Indicators. Prior to this, he also served as Vice
Director of the ASEAN ICT Center of the ASEAN
Digital Sectoral Body (ADGMIN/ADGSOM)
and worked for Ministry of Post and Telecom-
munications as international cooperation
officers in charge of ASEAN, Mekong Cooperation,
WTO and trade.

Pisal has played an active role in formulating
and providing inputs to digital related policies
in Cambodia as well as in ASEAN. He is also
a member of the drafting team of the Digital
Skill Development Roadmap in Cambodia,
commissioned by the Ministry of Post and
Telecommunications. Pisal holds master’s in
public policy specialized in Economic Policy
and Policy Analysis from Australian National
University, and master’s in International
Law from University of Paris 8. He conducts
research and study on digital economy, digital
and internet policy, cybersecurity, ASEAN
Law and integration, and public finance.
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International and Regional Trends

Education in the Al Era:

The Future is Here!

Introduction

The human fascination with Artificial
Intelligence or Augmented Intelligence can
be traced back through mythology and
religion from 2000 years ago. Buddhism,
for example, has long contended that there
are sources of intelligence other than the
human brain. The advances in technology
have shattered previous beliefs about
the relationship between humans and
machines. We have moved beyond stand-
alone technologies to a realization of the
power of the convergence of the virtual
and physical worlds - a new Artificial Intel-
ligence (Al) metaverse. Within this new
reality, we must grapple with the enormous
questions about how working together in
this new reality will create new capabilities
for both machines and humans. In
particular, we need to consider how edu-
cation must lead our collective ability to
navigate the profound technological
disruption in ways that realize the promise
of Al to enhance our human capabilities
and unleash creativity.

The pace and volume of both advances
in Al, and writing and thinking about Al,
makes it impossible to keep up with. On
one hand we have techno-optimists or

Digital Insights
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@ Dr. Kieth Rethy CHHEM and Dr. Kathy HIBBERT

transhumanists, who believe that “if and
when humans develop highly sophisticated,
general purpose Als, these Als will be
conscious”." Citing futurist and computer
scientist Ray Kurzweil, she quotes: “Once
we saturate the matter and energy in the
universe with intelligence, it will ‘wake up’,
be conscious, and sublimely intelligent.
That's about as close to god as | can
imagine.”> On the other hand, we have
biological naturalists who reject the possi-
bility outright. Instead, they describe it in
terms of conscious engineering, in which
control is retained by the humans doing the
design. However, there is a tentativeness
to each position because we simply don't
know how this is going to evolve. Despite
that lack of understanding, it is still a
worthwhile exercise to engage in thinking
through how we got here, what possibilities
are being imagined, how to navigate such
disruptive times, and what all of this may
mean for education in Cambodia.

Understanding the history
behind Al

Technology in education has undergone
significant advancements since the early
investigations of the 1950s and 1960s.
The term Artificial Intelligence was first



coined in a proposal written by McCarthy
etal in 1955. Over the years, researchers and
innovators have made significant progress
in leveraging artificial intelligence (Al) to
enhance teaching and learning experiences.
From early computer-based learning
systems to the emergence of adaptive lear-
ning and virtual reality technologies, Al has
demonstrated that it has the potential to
revolutionize education in numerous ways.

One of the early developments in the
field of Al in education was the advent of
intelligent tutoring systems (ITS) in the
1970s and 1980s. These intelligent tutoring
systems utilized Al techniques to provide
personalized instruction to students. By
adapting to individual learners’ needs, ITS
offered a more interactive and individu-
alized learning experience than what was
possible in traditional classroom settings.
Moreover, ITS could also provide tailored
feedback, track progress, and identify
areas where students needed additional
support. The introduction of Intelligent
Tutoring Systems (ITS) revolutionized
education by facilitating individualized
learning experiences, allowing students to
progress at their own speed and according
to their preferred learning methods

(see for example, Alkatlan et al. 2018).2

Another significant advancement in Al in
education came with the rise of expert
systems in the 1980s. Expert systems aimed
to capture the knowledge and expertise
of human specialists in specific domains.
In education, expert systems were used
to provide domain-specific guidance and
support to both students and teachers.
These systems could offer detailed
explanations, answer questions, model and
assist with problem-solving, effectively

International and Regional Trends

serving as virtual tutors or mentors. The
access to a virtual tutor enabled students
to gain knowledge and skills in a more
timely and thorough way.

Cognitive modeling, which emerged at the
intersection of cognitive science and Al,
also contributed to the development of
educational software. Researchers sought
to understand and replicate human
cognitive processes using Al techniques.
By simulating human cognitive processes,
Al-based educational tools could be tailored
to align with how individuals learn and
think. Cognitive modeling informed the
design of instructional materials, allowing
for more effective and engaging learning
experiences.

Al in education has increasingly adopted
data-driven approaches, leveraging big
data and machine learning. This has given
rise to prominent fields like educational
data mining and learning analytics, which
analyze large datasets to gain insights into
student behavior, performance, and
learning patterns. Leveraging data, edu-
cators could identify trends, personalize
instruction, and make data-informed
decisions to enhance student outcomes.

Adaptive learning systems have gained
traction in recent years, harnessing Al
algorithms to customize the learning jour-
ney for each student individually. These
systems analyze data on student perfor-
mance to dynamically adjust content and
activities to suit each learner's strengths,
weaknesses, and preferences. Adaptive
learning promotes personalized and
targeted instruction, enhancing students'’
engagement and outcomes. By tailoring the
learning experience, adaptive learning

Digital Insights
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systems can accommodate diverse learning
styles and provide individualized support.

The emergence of virtual reality (VR) and
augmented reality (AR) technologies has
brought new possibilities to education. Al
can enhance these technologies by providing
intelligent interactions, personalized
feedback, and adaptive content. VR and
AR simulations offer immersive and
experiential learning environments, ena-
bling students to engage with subjects in
a more hands-on and interactive manner.
As an illustration, virtual operating rooms
offer medical students the opportunity to
simulate surgical procedures, while

virtual tours enable history students to delve
into ancient civilizations. Al-powered
virtual assistants and chatbots can further
enhance the learning experience by
offering real-time support and guidance.

However, as Al becomes more prevalent
in education, ethical considerations become
crucial. Issues such as data privacy, algo-
rithmic bias, and the impact of automation
on teaching roles need to be carefully
addressed. Promoting fairness and
responsibility in the utilization of Al in
education involves prioritizing equitable
access to Al-driven educational tools

and upholding transparency in algorithms.
Educators and policymakers must
prioritize the ethical implications of Al
implementation to safeguard student rights
and well-being.

Al also holds immense potential in
supporting lifelong learning and upskilling
efforts. Intelligent tutoring systems,
personalized learning platforms, and Al-
powered assessment tools can aid
individuals in acquiring new knowledge

Digital Insights
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and skills throughout their lives. By
providing tailored recommendations and
adaptive content, Al can facilitate con-
tinuous professional development and
career advancement in an ever-evolving
job market. This helps individuals stay
competitive and adapt to the changing
demands of the workforce.

Looking ahead, the future of Al and
education is promising. Advancements in
natural language processing, computer
vision, and robotics can further enhance
the learning experience. Al-powered
chatbots and virtual assistants can offer
real-time support to learners, answering
their questions and providing guidance.
The concept of an Al metaverse, where
virtual and physical worlds converge, opens
up new possibilities for collaborative and
immersive learning environments.
Students can explore complex concepts
and scenarios in a more engaging and
interactive manner, fostering creativity,
critical thinking, and problem-solving skills.

Al has the potential to revolutionize
education by personalizing instruction,
providing intelligent support, and creating
immersive learning experiences. From
early computer-based learning systems
to the current advancements in adaptive
learning, virtual reality, and augmented
reality, Al continues to shape the future of
education. Addressing ethical considera-
tions and promoting equitable access to
Al-powered educational tools is of

utmost importance. By implementing Al
responsibly, we can empower learners,
facilitate lifelong learning, and open up new
possibilities in the field of education.



Understanding
what may be possible

The advances are exciting, and daunting.
Adrienne Mayer argues that “we are
approaching what some call the new dawn
of Robo-Humanity ... As humans are
enhanced by technology and become more
like machines, robots are becoming
infused with something like humanity”.*
Schneider speculates that “Homo Sapiens
may not be the most intelligent species for
that much longer” as she considers Earth’s
“evolution of mind in a cosmic context”.’

The building blocks of what is possible
are becoming increasingly clear: Rapid and
free access; shifting identities; multisensory,
immersive experiences; and decentralized
structures (see for example, Dwivedi

et al, 2022).° The capacity for personalized
instruction and adaptive assessment
(including improved and immediate
feedback) holds enormous potential for
meeting the unique and complex cognitive
needs of learners. However, the emergent
and accelerated capabilities of both
machine and humans will have an impact
on the socio-emotional needs of learners,
of existing infrastructures, policies and
current educational architecture (see for
example, Anderson et al., 2018).”

What might this look like over the coming
years? Lim et al. (2023)2 define generative
Al as “a technology that i) leverages deep
learning models to (ii) generate human-like
content (e.g., images, words) in response to
(iij) complex and varied prompts (e.g.,
languages, instructions, questions).
Despite the transformative potential,
they express concern with the ability of
educators and
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education systems to transition in a timely
and cohesive way. They present their
concerns through a discussion of para-
doxes: 1) Generative Al is a ‘friend’ yet a
‘foe’; 2) Generative Al is ‘capable’ yet
‘dependent’; 3) Generative Al is ‘accessible’
yet ‘restrictive’; and 4) Generative Al gets
even more ‘popular when ‘banned’.’

This set of paradoxes does not bode well
for promoting seamless transitions of Al
into educational policy, resourcing or
application in classrooms. Calls for culture
change in education are moot if educators,
systems and policies are not systematically
supported to not only weather but embrace
such massive disruption to past ways of
thinking, teaching, assessing, and creden-
tialing learners.

Matthew Montabello' considers how Al is
likely to influence the future of e-Learning.
Rather than engaging in the debate of
whether Al is likely to replace educators,
Montabello focuses on advancements that
can support the development of an
“ambient intelligent learning environment™2
independent of a particular hardware
device, and including the often-discussed
trends in gamification, biometrics and
pedagogical personalization, and aug-
mented reality possibilities. The semantic
web can only be as good as the data

that it has to draw upon. While the race to
develop new and innovative technologies
continues, it may be as important to
ensure that these intelligent systems are
able to access the ways in which data
must be contextualized, nuanced, localized,
or dependent upon multiple factors that
more closely resemble the variability of
learners, learning environments, histories,
knowledges, abilities and so on. Or as
Selwyn (2019)' articulated, “technologically

Digital Insights
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smart' but ‘socially stupid’ systems” in
which “there are not enough data points
in the world to adequately capture the
complexities and nuances of who a student
is, or how a school functions”."*

Speculation about what may be possible
ranges from unlimited improvements in
all facets of our lives to frightening pre-
dictions about the end of humanity as we
know it.”> Enchanted Determinism is a term
that describes the “belief that Al systems
are both magical and superhuman- beyond
what we can understand or regulate, yet
deterministic enough to be relied upon to make
predictions about life-changing decisions”.®
The implicit bias, racism, and inaccurate
information that we ‘input’ into the language
models Al relies on, must be explicitly
addressed or we will simply replicate existing
inequity. Achieving such goals requires
grappling with deeply philosophical
discussions about values (whose?), ends,
means, and how we will manage Al in this
unregulated global experiment as we live it.

What is needed to navigate
the new reality?

Susan Schneider'” coined the term “mind
design’ to describe that Al has “opened up
a vast design space ... much faster than
biological evolution ... [where] we humans,
not God, are the designers".'® She finds
this both exciting and frightening, given
the fact that our social development as a
species seems to lag behind our technological
advances. At the same time, research
characterizes the advancement of Al as
the “Fourth Industrial Revolution” where
decision-making shifts from humans to
machines.™

Digital Insights
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The massive changes will require an
examination of the roles of reckoning
(calculative prediction and formulaic deci-
sion-making) and judgement (deliberative
thought grounded in ethical commitment,
unbiased and contextually situated).

The need for a critical and ethical focus
on human experience within transparent
systems will be paramount. A healthy
skepticism will require improved analytic
and authentication technologies as we shift
toward a more collaborative, communal
approach to knowledge building, curation
and stewardship. An approach that
draws on the North American Indigenous
concept of ‘Hozho' and the Buddhist phi-
losophy of life centre harmony, balance,
interrelatedness and connectedness to
ensure humanity remains at the centre

of all we do in these turbulent times may
prove fruitful.

Educators, researchers and scientists
have long been interested in the impact
of science and technology on society, and
curious about the impact society has on
science and technology. Science Technology
and Society, or STS as it has come to be
known, is an interdisciplinary field that
combines multiple disciplines and
approaches relevant to the issues being
studied. With respect to Al, it seems that
STS combined with philosophy, history,
sociology, economics and ethics will be a
pragmatic starting point. Philosophical
questions surrounding ethics have been
especially present given the ethical
concerns posed by Al (privacy, security
and equity) along with the ethical principles
(fairness, respect).

Can machines be taught values, morals
and ethical reasoning? There are impli-



cations for the way we have historically
conceptualized agency, autonomy, and
intelligence as we have always presumed
them to be uniquely human capacities.
Balancing our expectations and fears (over-
estimation of Al ability vs underestimation
of Al risks - see for example Graham Scott’s
(2022) The Doctor and the Algorithm?° -
calls on us to engage in deep philosoph-
ical questions for these times - bridging
the wisdom and thinking from ancient
cultures into our current context.

For example, both Aristotle and Confucius
grappled with how to develop both human
excellence and well-being or happiness
(see for example, Aristotle’s Nicomachean
Ethics?', and Confusius’ Analects??).

In some contexts, the application of Al

is going to require placing trustin its
ability. As Winter and Carusi note, “if you
are going to trust the machine, then that
trust has got to be built on something”.
They consider that trust is generally built
upon “common ethical frameworks ... to
improve morally good outcomes”.?
However, they question the assumption
that “pre-identified evaluation criteria” is
possible in a design that relies on such
criteria for validation - which is central to
building the desired trustworthiness.

The insights produced through their work
argues that building trust occurs in pro-
cesses that are “inextricably socio-technical”
where criteria are not pre-defined, but
“emerge during the process"®. They conclude
that trust and validation are closely
connected, and continually built and rebuilt
through multiple processes in which hu-
mans are iteratively querying, interpreting,
testing and refining the technology. They
argue that it is not a singular pronouncement,
but a collective, interdisciplinary process,
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wherein the human (in this case the
clinician) functions as a sort of “mediator
of trust"® in the process. Likewise, Makarius
et al., (2020)¥ who take an “organizational
socialization approach” to understand how
to navigate Al in our future, also conclude
that a combination of “cognitive, relational
and structural™® considerations will be critical
to integration, adoption and application.

These developments will have a trans-
formative role on students, teachers and
curriculum. While we can only speculate
for now what the extent of that impact
will be, it is clear that it will be disruptive
whether positively or negatively.

Selwyn does not argue that we reject Al's
place in education, but rather, he wants to
think about it in terms of achieving what
he calls “more just education outcomes"?
that include more than the voices of
privileged and vested interest groups.

What does this mean
for education in Cambodia?

The implementation of Al in Cambodia
has the potential to significantly impact
the education system in several ways. Al
can be utilized to improve the quality and
accessibility of education in Cambodia.
Intelligent tutoring systems and person-
alized learning platforms powered by Al
can provide tailored educational content
and adaptive learning experiences to
students. This can help address individual
learning needs and enhance the overall
quality of education. In the era of big data,
Al can enable data analytics and predictive
modeling to support decision-making
processes in education. By analyzing large
volumes of educational data, including
student performance, attendance, and
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engagement, Al algorithms can provide
insights to educators and policymakers.
This can assist in identifying areas of
improvement, optimizing curriculum design,
and developing targeted interventions for
students. The COVID-19 pandemic has
accelerated the adoption of remote and
online learning. Al can play a role in enhan-
cing virtual learning experiences by offering
intelligent content recommendations,
automated assessments, and virtual tuto-
ring support. It can also facilitate remote
collaboration and communication among
students and teachers. As Al becomes
more prevalent across industries, there
will be a growing demand for individuals
skilled in Al-related technologies. To
prepare students for the future workforce,
the education system in Cambodia may
need to incorporate Al education and
training programs. This includes teaching
Al concepts, programming skills, and
ethical considerations related to Al tech-
nology. Al technology has thus provided
revolutionary ways to transform our
current education system and patterns of
teaching and learning. Yet, Al raises important
ethical considerations, such as privacy,
bias, and transparency. The education
system can play a role in educating students
about these ethical implications of Al tech-
nology. By integrating ethics and digital
literacy into the curriculum, students can
develop a critical understanding of Al and
its impact on society. Beyond its use to
enhance students teaching and learning,
Al can support teachers by automating
administrative tasks, providing real-time
feedback on student progress, and offering
personalized teaching recommendations.
By relieving teachers from routine tasks,
Al can enable educators to focus more on
individual student support, mentoring,
and facilitating collaborative learning ex-
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periences. Finally, in order to fully leverage
Al in education, there will be a need for
robust technical infrastructure, including
reliable internet connectivity, access

to devices, and data storage capabilities.
Investment in the necessary technological
infrastructure will be crucial to ensure
equitable access to Al-enabled education
across different regions of Cambodia.

Overall, the implications of Al in the
education system of Cambodia include
improved quality and accessibility of
education, data-driven decision making,
virtual learning opportunities, skill
development, ethical education, teacher
support, and the need for adequate
technical infrastructure. It is important for
policymakers, educators, and stakehold-
ers to address these implications and
ensure that Al is harnessed effectively to
benefit students and the education
system as a whole.

Summary

The integration of Al technology in
education should be guided by a human-
centered approach and ethical principles
rooted in Buddhist values such as wisdom,
non-harm, and interconnectedness, along
with similar values from the Indigenous
concept of Hozho. Wisdom calls for
thoughtful implementation of Al to meet
students’ needs, while non-harm empha-
sizes using Al responsibly and protecting
privacy. Interconnectedness promotes
collaboration and a harmonious balance
between Al and human educators. By
prioritizing students’ well-being and growth,
Al can empower learners and enhance
education, ensuring a positive impact on
humanity.
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Digital Advanced Training -
Trends, Opportunities and Limits

i Dr. Denis SUARSANA

1. Introduction

Digitization is disrupting the world of work.
Some jobs might be replaced by techno-
logy in the future while new ones will be
created. And certainly, most remaining
jobs will be substantially altered by digital
changes. Lifelong Learning is increasingly
becoming a must if workers want to secure
their long-term employability. Keeping

up with rapid technological change means
that the significance of advanced training’
is growing for businesses and their
employees alike.

At the same time, digital technologies
create new opportunities for advanced
training. In the past decade, a wide range
of digital learning tools and platforms

have been developed - from openly accessi-
ble video tutorials covering everything
from developing programming skills to
repairing your broken dishwasher to
highly individualized collaborative assistance
systems that help guide workers through
complex tasks on the factory floor.

The COVID-19 pandemic has sped up the
digitization process of advanced training.
While workers were confined to their homes
and getting accustomed to remote work,

they increasingly picked up digital learning
methods. Furthermore, many workers
used their additional spare time to learn
new skills online. For many, especially
young and digitally savvy professionals,
learning on their electronic devices

has become increasingly natural. Hence,
today s digital learning is an integral part
of advanced training programs in many
companies.

However, digital learning has its limits
and may even have negative consequences.
It could e.g. further deepen the divide
between young workers and their more
senior but less digitally literate peers who
are traditionally less inclined to take part
in advanced trainings. Further, it may
discriminate against blue collar workers
as digital learning methods are often less
effective regarding more manual tasks
that need a certain degree of physical
presence and training.

This paper gives an introductory overview
over the many different types of digital
learning tools and describes how these
tools have been integrated into the field of
advanced training, especially during the
pandemic. Further, taking into consideration
the different tools, the paper discusses
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the potential opportunities as well as the
limits and possible negative consequen-
ces of the increasing digitization of
advanced training.

2. COVID and digital learning -
boosting an emerging trend

The emergence of the COVID-19 pandemic
in early 2020 had a choking effect on
many aspects of public, social and eco-
nomic life all around the world. Education
was one of the most affected sectors as
schools and other institutions had to
suspend their onsite operations. Advanced
training was also strongly affected.

This was basically due to two underlying
reasons. Firstly, the social restrictions
implemented during the pandemic made
most training activities impossible.
Secondly, the severe impact of the pandemic
on the economy cut deeply into busine-
sses’ finances. Consequently, businesses
were less inclined to pay for their employees’
upskilling although many idle workers
were having the needed extra time for
advanced training.?3

But while advanced training activities were
massively reduced in general, the pandemic
meant a boost for the uptake of digital
advanced training methods. Before the
pandemic, advanced training was predo-
minantly taking place as in-person events
like seminars or workshops in classrooms
or on-the-job-trainings on the shop

floor. During the COVID-19 pandemic digital
training methods not only were dominating
(unsurprisingly as in-person training

was basically impossible), but became
increasingly popular among employers
and workers.* According to a survey in
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Germany, for instance, 44% of all companies
in the country expanded the use of digital
learning methods during the pandemic,
while 35% of all companies even stated that
they picked up digital advanced training
for the first time.

Although digital advanced training has
experienced a strong boost during the
pandemic, it had been on the rise before.
Another German study shows that
between 2016 and 2019 (i.e. before the
pandemic) businesses already had sig-
nificantly increased their use of digital
training methods.® As a McKinsey report
shows, even before COVID appeared,
digital education startups were disrupting
the market for training and venture capital
funding in the U.S. for so/called EdTech
(education technology) companies already
skyrocketed.” Such businesses could then
capitalize on the uptake of digital learning
during the pandemic as education

and training companies which had already
invested in digital infrastructure and
learning programs before COVID were much
more flexible to quickly adapt to the
growing demand.®

But the trend towards more digital
training is not just driven by companies
alone. Students and workers themselves
demand more possibilities to learn and
study digitally. Today, digital devices are
ubiquitous. According to the International
Telecommunication Union (ITU), 4.8 billion
individuals own a mobile phone world-
wide while almost 5.3 billion people have
access to the internet.’ The mobile
revolution has already upended many
parts of people’s personal and profession-
al life including communication, finance,
retail or even dating. How people learn



has also changed dramatically. Another
German study already showed in 2017
that for around half of the population
informal digital learning had become an
integral part of their daily lives. 80% of
those that already learned digitally did so
online and at home. It is important to
notice that learning mainly took place infor-
mally, meaning that people were learning
self-directed and situational-based on the
concrete needs in their daily life situations.
Hence, short and solution-focused
learning formats were the preferred choice.
The most popular entry points for digital
learning were not websites of established
education companies or institutions, but
simply the likes of Google and YouTube."®

Due to the pandemic, this openness to
digital learning has increasingly spilled over
from everyday life to the professional
level. Years of experience of private usage
of the internet and mobile phones have
created basic digital literacy among the
broader workforce and lowered the mental
and cultural hurdle regarding digital
training formats. This trend has been further
amplified by the sudden and extensive
shift into the virtual world during COVID.
Today, digital technology and especially
mobile devices are increasingly becoming
an integral part of the educational world.
And this is not only changing the tech-
nological side of learning (i.e. using mobile
devices and the internet), but also the
very nature of advanced learning and
training. Just like informal digital learning
in everyday life, as mentioned above,
advanced training becomes more flexible,
self-directed and situational. Upskilling
becomes front and center of advanced
training. Instead of degree-based,
comprehensive training programs, work-
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ers use digital training formats to learn
specific skills - skill acquisition comes
before degree acquisition. Hence, learning
is not finished after successfully getting
a degree. Instead, learning becomes
continuous and situational with workers
acquiring skills they might need to
address a certain challenge at work or in
order to develop their individual skill set
for a promotion and/or to enhance their
employability.™

Although the end of the pandemic has
triggered a substantial return to in-person
advanced training, the share of digital
training formats is still significantly higher
than before COVID hit. Further, the post-
pandemic advanced training world is
witnessing more and more hybrid learning
formats that combine both in-person and
digital training methods." The potential

of digital advanced training remains high
and demand for digital learning formats
will certainly increase further in the future.
One frequently cited estimate puts the
overall value of the global online education
market at USD 350 billion in the year
2025.3 In fact, digital advanced training may
become a crucial solution for the mounting
challenges that technological change
poses to companies and workers alike.

According to the World Economic Forum'’s
(WEF) most recent Future of Job Survey,
employers anticipate that in 2027, 42% of
all business tasks will be automated, up
from 34% today. They estimate that 44%
of workers' skills will be disrupted in

the next five years. 59.7% of all surveyed
companies identify the skills gap as the
main barrier to the successful trans-
formation of their business. And 81.2%
of all employers state that investing in
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learning and training is their number one
workforce strategy for the future.' The
developments underlying these numbers
will have massive consequences on labor
markets and workers. The very nature

of professional careers will change pro-
foundly. Getting a degree will probably
remain the best starting point into one’s
professional life. But as professions will
evolve more rapidly due to technological
change the value of such degrees will
diminish more quickly, too. Workers might
have to get used to changing jobs more
frequently and being assigned to new or
changing tasks within their existing jobs
more regularly. This increasingly changing
world of work will require workers to
update their skill set continuously in order
to secure their own employability. Instead
of updating their initial degree once

or twice during their career they will have
to adopt life-long skill acquisition. And
this will also include experienced workers
who are already on advanced echelons of
the career ladder.’ Hence, advanced
training will increasingly have to become
flexible, situational and skills focused. Life-
long learning and continuous upskilling
may become an integral part of the new
normal of advanced training - and so
probably will digital learning.

3 The different types of digital
learning tools in advanced
training

Digital learning formats can range

from narrowly focused online videos (e.g.
teaching people how to prepare the
perfect basil pesto) to full blown education
programs that let students obtain an
entire degree online. Further, digital learning
tools can be blended into in-person training

Digital Insights
Future of Education

formats (blended or hybrid learning).
Thus, the digital learning ecosystem is very
diverse, and many different formats cater
to many different needs and demands.
The following paragraphs present

an overview of the most important digital
learning formats used in advanced
training distinguishing between platforms
(i.e. Learning Management Systems and
mobile learning), programs (i.e. MOOCs,
Microdegrees, Trainings, Games and
Apps) and tools (i.e. Videos, Podcasts, We-
binars, Quizzes and Simulations including
Augmented and Virtual Reality).

3.1 Digital learning platforms

Although digital learning could simply
consist of watching an instructive video
on YouTube, following some interesting
and educative channel on Twitter or Tik
Tok (Social Media based learning) or brow-
sing the internet, in the field of advanced
training learning tools are most often
incorporated into specialized learning
platforms. Probably the most common
and most popular kind of digital learning



platforms are so-called Learning Manage-
ment Systems (LMS). LMS help training
providers and users to administer digital
learning. LMS may just host different
digital learning tools (e.g. videos and know-
ledge quizzes), entire courses (e.g. busi-
ness strategy or python programming) or
even full blown degree programs
(comparable to an online university). On
LMS, users can individually manage their
personal learning paths on just one
platform. So called Learning Experience
Platforms (LXP) are more interactive and
focused on user experience. LXP may
learn from the interaction with users about
their learning speed and habits, their skill
set, or could even recommend specific
learning formats and content adapted to
the individual learner’s upskilling needs
or career path.' LMS and LXP can be run
by traditional educational institutions like
schools or universities (frequently using
Moodle), by private digital training providers
(e.g. LinkedIn Learning, Udacity, Coursera,
Udemy, etc.), or they can be set up in-
ternally by companies to train their own
workforce (due to high cost and complexi-
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ty this is an option only for bigger
companies with the necessary funds as
well as a sufficient number of workers to
use the platform). Although some LMS and
LXP offer entire degree programs, most
learners choose courses that are much more
narrowly focused in order to plug gaps

of very specific skills, especially technical
ones such as programming, web design
or cyber security."”

As mentioned above, mobile devices -
especially smartphones - have become
ubiquitous and mobile learning is increa-
singly popular. Using one’s smartphone
as the preferred learning platform offers
a high level of flexibility for learners.
Learning on-demand and on-the-go
becomes ever easier. Instead of playing
online games or ‘doom scrolling’ on social
media, commuters could use their phones
to learn and study while taking the train
or bus to work. For this, learning formats
need to be short, focused and entertaining
(i.e. Micro Learning). Mobile learning

may incorporate videos, quizzes and games.
It is often stated that due to the short
formats, mobile learning is limited mainly
to less complex content.’® But if the
different short formats (sometimes called
Learning Nuggets) are integrated as
building blocks, well designed learning apps
can help learners to acquire complex skills
like new languages, financial investment
or even programming. Digital training
providers are increasingly adapting the
courses on their LMS to mobile learning,
transforming these complex learning
platforms into easy-to-use mobile learning
apps. With this, mobile learning is lower-
ing the threshold for all groups of workers
to participate in advanced training.”

Digital Insights 29
Future of Education



30

International and Regional Trends

3.2 Digital learning programs

Digital Learning Programs can take a variety
of forms. The most traditional formats are
so-called Massive Open Online Courses
(MOOCS). MOOCS were primarily set up
by universities to make some of their
courses accessible to a broader audience
online. Typically, MOOCS consist of pre-
recorded videos (lectures) combined

with further readings and quizzes. At the
end of the course learners may pass a
final exam and obtain a certificate. Some
MOOCS allow learners to interact via
chatrooms or even provide online tutors.
While MOOCS were open and free of
charge, private learning providers have
developed a business model around

the idea of such online courses. Often such
companies (many of them tech-related
learning platforms from the US) offer
courses that are not provided by more
traditional training providers (your local
chamber of commerce will rarely offer a
comprehensive course on programming
autonomous driving software). Such
courses often teach highly complex issues,
may take months to complete and can
cost hundreds of dollars in fees. Upon
successfully completing learners are
granted so-called micro degrees.

Programs like Webinars or simple digital
trainings are mostly less complex and
much shorter than MOOCS and micro
degree programs. Webinars are basically
substitutes for traditional in-person
workshops or trainings but provide the
advantage of not being limited to a certain
number of participants. However, contrary
to most digital learning formats, Webinars
are live formats which means that they
don't offer the flexibility of on-demand.

Digital Insights
Future of Education

Digital trainings are shorter courses that
may be used to make your workforce
familiar with certain topics. Trainings may
consist of different tools like videos, quizzes
or texts. Typically, trainings are not
individually adjustable nor interactive. They
may be used to present new company
guidelines to the workforce or teach basic
knowledge on data security or workplace
safety.?°

3.3 Digital learning tools

Videos, podcasts, quizzes or online games
can be typical digital learning tools. All of
these tools may be used as stand-alone
learning formats (e.g., short tutorial videos
on YouTube), but in the field of digital
advanced training they are typically inte-
grated into more comprehensive learning
programs. Each learning tool caters to a
specific training or learning goal. Videos
are used to explain a well-defined content
and are typically not longer than 15 min-
utes in order to keep the learner engaged.
Podcasts are often longer than videos
and can be used to discuss more complex
issues like market development or a new
company strategy. Quizzes and online
games are typically tools to practice and
repeat freshly learned content and skills.
Some more complex digital learning tools
are simulations and augmented and
virtual reality applications. Augmented
reality can be integrated into highly
individualized and interactive assistance
systems and is typically used to provide
learners with real time data in a real-life
environment, e.g., during training an
engineer on how to maintain a complex
machine. Simulations - both screen-based
or in virtual reality - are used especially if
training in a real-life environment is either



too dangerous or too complex or costly.
Prominent examples are flight simulators
or trainings in dangerous environments
like contaminated areas. '

4. The benefits and limits of
digital advanced training

Digital advanced training has experienced
a boom in recent years not just because it
provided a handy substitute for in-person
trainings during the pandemic, but
because digital learning offers a number
of advantages over traditional in-person
formats. The biggest advantage certainly
is the local and temporal flexibility of
digital training formats. Digital learning
allows users to study on-demand (i.e.
whenever and wherever they need or want
to learn). Therefore, learning can easily be
integrated into workers' daily routines -
both in the office or on the shop floor as
well as in their daily life. By this, digital
learning formats mitigate the lack of time
as the most often cited barrier to advanced
training. Another important benefit of
digital advanced training is the lower costs
in comparison to traditional in-person
trainings. This helps to reduce the barrier
for companies - especially smaller ones -
to invest in the skill development of their
workforce. Further, it also lowers the
barrier for workers to develop their own
skill set in order to boost their individual
careers. Finally, digital training formats
can facilitate highly individualized and
bespoke learning, thus addressing specific
skill development needs of individual
workers and companies.?

The advantages of digital training are not
only confined to the level of individual
workers and companies, but also extend to
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society as a whole. Digital learning formats
significantly broaden the accessibility to
training as it reduces the financial, techno-
logical and geographic threshold to
participation. Especially in the developing
world, the dissemination of mobile devices
has provided millions of people in rural
areas with access to information beyond
their narrow local environment. Mobile
learning could allow them to access adva-
nced training that had not been available
“in remote areas before. Thus, digital
training methods have the potential to
severely mitigate the rural knowledge and
skill gap - in both developing and devel-
oped countries.?

However, despite all of these advantages
and virtues, digital learning also has its
limits and potential downsides. First of all,
digital learning requires certain pre-
conditions from learners. In order to be
able to use digital training formats one
has to have at least a basic amount of
digital literacy i.e., the knowledge of how
to use digital devices and internet-based
applications. In addition, in contrast

to traditional in-person trainings, digital
learning provides much less “handhold-
ing"?* as learners are expected to manage
their learning experience individually.
Hence, such digital formats require a high
level of self-discipline and self-learning
skills. And finally, many digital trainings
covering highly sophisticated digital skills
like Artificial Intelligence or other complex
software development are provided
especially by learning platforms from the
United States of America, thus requiring
advanced English language skills.? This
requirement for specific (and in some cases
relatively advanced) skills as a pre-condition
for digital learning means that the growing
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popularity of digital advanced training
could further deepen the skill and training
divide among different groups of the
workforce. As digital learning formats are
more often used by younger and higher
skilled workers, it comes as no surprise
that such formats are less frequently taken
up in companies with a relatively higher
share of less qualified (i.e., elementary or
early secondary education, no final degree
from the institutions) and/or older workers.?

Another limitation to the potential of
digital learning formats is its inadequacy
to useful training regarding a number

of tasks, circumstances and industries.
Digital learning of course will not be able
to substitute personal encounter and
exchange. Therefore, any training that
requires a significant amount of collabo-
ration or creative cooperation cannot be
transferred into the digital sphere entirely
(although hybrid formats might be possible
and suitable). Further, digital formats are
an insufficient substitute for physical
experience and tasks or skills that require
physical training. Digital training is therefore
much more frequently used for teaching
academic or theoretical content and in
knowledge and service-dominated sectors.
It is much less common in health service,

1 This paper uses a broad definition of advanced training as
does for instance the UNESCO Institute of Statistics (https://
uis.unesco.org/en/glossary-term/vocational-education) - not
only including the traditional forms of vocational education
and training (VET) (e.g. apprenticeships, formal occupational
trainings), but also taking into account other (and often less
formal) forms of education in the context of professional
skills’ development (e.g. academic courses, training on the
shop floor/learning on the job, private learning).

2 Gerhard Bosch, “Weiterbildung in der Corona-Krise”, WSI
Mitteilungen, 74. JG, (6/2021), 481.

3 In fact, before the pandemic the available time of workers
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crafts industries or on the shop and
factory floor.?” Thus, digital training and
learning (just like mobile working) could
increasingly become the prerogative

of white-collar workers driving a wedge
between different groups of workers in a
company.

5. Conclusion

The pandemic has significantly boosted
digital advanced training. The use of
digital learning methods as substitutes for
in-person trainings has popularized digital
training by showing its many benefits and
advantages to companies and workers
that had not been accustomed to such
formats before. However, digital learning
also has the potential to further deepen
the skill and knowledge divide among the
workforce. In order to avoid this, employers
as well as governments (by implementing
the right labor market policies) have to
make sure that all groups of workers -
especially lower skilled and/or older ones -
acquire the necessary basic digital and
learning skills in order to be able to
participate in digital advanced training.
Only then, companies and workers may
use the full potential of digital advanced
training.
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Research & Development:

There is No Way Out

Cambodia experienced an exceptional
growth pre-pandemic with its economy
having recorded a growth of more than 7%
per annum in average, in the period
between 2010 and 2019, representing one of
the fastest growing economies in the
world." Yet, this growth, for the first time
since 1994, experienced a slowdown due
to the challenges related to COVID-19.
The pandemic affected mainly three sectors,
namely tourism, manufacturing exports,
and construction, which by themselves
contributed to more than 70% of the
country’s growth in 2019.2 To limit the
impact of the pandemic, the Cambodian
authorities promptly acted introducing
emergency measures to contain the
outbreak while providing fiscal assistance
to affected households, workers, and
enterprises.? In roughly two years, the
country was able to move ahead with a
general re-opening, due to an impressive
vaccination campaign accompanied by
pragmatic economic policies which have
represented pivotal elements to support
the Cambodian recovery.* Yet, to make
sure that the country can continue on the
right growing path, three main challenges
should be clearly addressed, as pointed
out by Freedman and Menon from the
Yusof Ishak Institute (ISEAS): Improving
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health surveillance and healthcare capacity,
rebalancing the financial sector, and
sustaining future growth.®

And it is about the last criticality where
education plays a fundamental role,
together with another essential element:
research and development (R&D). There
are several studies that pointed out the
importance of R&D for countries’ sustain-
able development, mostly to avoid
stagnation in their growth, due to their
inability to energise and then sustain a
dynamic growth at the middle-income stage
of their development.® For the case of
Cambodia, due to its remarkable economic
growth, the Kingdom reached the goal of
becoming a lower-middle-income country
in 2015, with a pathway set by the Royal
Government of Cambodia (RGC) to
become an upper-middle-income country
by 2030, and a high-income country by
2050.7 8 The education system and the
R&D ecosystem in Cambodia need to be
equipped and ready to prepare the youth
to answer to the needs from the job
market, aiming to sustain the economic
growth envisioned by the RGC. To achieve
this, it is important to begin from under-
standing the current scenario we are in,
for then explaining the reason under-



pinning the statement: “R&D, there is no
way out”.

The current scenario

It is well recognized that science, techno-
logy, engineering, and mathematics (STEM)
skills represent the key to support the
growth of Cambodia, in an era where digi-
talization and technological advancement
are necessities for the overall development
of a society. ° This has been already
recognized by the Cambodian Ministry of
Education, Youth and Sport (MoEYS) who
has in fact acknowledged the importance
of it for the country and worked toward
fostering it. As noted by Kao et al.,"®
“strengthening the quality of education,
science and technology education is one of
the four strategic rectangles of Rectangular
Strategy Phase IV and at the heart of
Cambodia’'s ambition to achieve higher-
middle-income status by 2030 and
high-income status by 2050”. The RGC has
initiated several projects and initiatives in
this regard, with several official documents,
policies and frameworks to prepare the
Kingdom for this journey.™ 2

At this stage, the Cambodian education
engine is still struggling to prepare enough
equipped professionals to sustain the
growth that the Kingdom is experiencing
and envisioning. As noticed by Ung et al.
and reported in the Cambodia Industrial
Development Policy 2015-2025, the indus-
try sector in the Kingdom still experiences
low technological adoption and applica-
tion, struggling to find talent and skilled
labour.

“The skills mismatch and skills gap issues
in Cambodia are not new"."* Skills mismatch
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is used here as an overall term, encom-
passing various forms of skills that are not
adapted to the needs of the market or the
area which they are needed in.’> To address
this from the educational perspective, the
Ministry of Education, Youth and Sport
(MoEYS) incorporated for the first time

a tracking system in 2010, intended as a
practice of shifting students to programs
and educational institutions through a
selection based on ability, interest and/or
achievements.® Specifically, at grade 11,
students have been requested to choose
between a science track or social science
track, which overlap on some aspects, and
differentiate on others. Specifically, in both
tracks students are expected to study
topics such as Khmer literature, a foreign
language between English or French,
physical education, and mathematics. But
where students in the science track focus
on other subjects such as earth and
environment, physics, chemistry and biology,
the students who chose the social science
track study subjects related to history, geo-
graphy, morality and civics, and economy."”

Additionally, Ung et al. noted a decline

in students selecting the science track in
Cambodia, with over 80% shifting from
scientific high school tracks to non-STEM
university majors, in contrast to only 10%
of social science track students transition-
ing to STEM majors.'® This trend to shift
from science track in high school to a
non-STEM major in university is even more
pronounced when talking about female
students, with 94% of those in a scientific
track shifting to a non-STEM major for
their undergraduate studies.” The major
reasons influencing the decision to opt
out from a career in STEM have been
found to be the family pressure and low
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performance (D grade) in STEM topics in
high school®, with females usually
deciding to switch to other study fields,
and specifically preferring business,
management, accounting or finance.?
These findings were also supported by
Chea and Chea who highlighted that
parents, especially mothers, “play a crucial
role socially and financially in influencing
individuals' technology readiness”.?'
Technological readiness refers to the
ability of an individual or society to use
technology effectively, which includes the
skills, knowledge, attitudes, and resources
needed to interact with different
technologies. While technological readiness
is a broad concept that applies to all
fields, it is particularly important in STEM
fields. In addition to this, Corrado et

al.22 also pointed out that the offering of
majors at universities is heavily skewed
toward undergrad programs in non-STEM
fields. This possibly affects the ability of
Cambodia to prepare enough skilled pro-
fessionals to sustain the digital transition
of the country, and the plans outlined in
the Cambodia Digital Economy and
Society Policy Framework 2021-2035.22

To ensure that Cambodian high school
students can reach an informed decision
on their undergraduate studies, the
MOoEYS developed an university guidebook,
illustrating skills provided by universities,
and making sure it is distributed annually
to high schools.? Yet, many students still
do not really engage with this information,
heavily relying on their trust, intuition

and emotion, or following their parents’
advice.?® In this regard, Peou remarked how
also due to the strong family orientation
in Cambodian social life, “deciding what to
study at university involves not only
individual interests and knowledge, but
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also those of the parents and older
relatives”.?” The decision process on which
major to pursue at university becomes a
negotiation process, “involving both the
individual and the family, the outcome of
which could go either in favour of or
against the will of the students”.?® The
result is that due to the overall inability of
young people and their families to make
rational decisions on which field of study
to pursue, or simply due to the lack of
information supporting their decision-
making, the undermining issue of lacking
skilled labour in the required fields to sup-
port the economic growth is increasing.?

It is in this ecosystem that the country is
experiencing a shortage in STEM-skilled
labour. The digital transition is causing
this shortage. Companies need these
skilled workers to adapt to the changing
technological landscape. STEM-trained
individuals have the skills necessary to
handle complex technology, data analysis,
innovation, and data-driven decision-
making, all of which are essential for digital
transformation. Without a sufficient pool
of STEM talents/students, companies will
find it difficult to stay competitive and
harness the benefits of the digital age.

In this regard, a study performed across
public and private companies highlighted
how Cambodian companies realise the
importance of the digital transition, with a
specific focus on leveraging data for their
decision making, yet, they also realise that
they are not yet ready for it.% In this
ecosystem, young Cambodians often enter
the job market with limited educational
levels and unprepared, with more than
40% of young workers lacking sufficient
education to perform the task required by
their job position.®



The efforts

The remarkable economic growth
experienced by the Kingdom in the past
decades has been characterised by a
dependency on foreign direct investment
(FDI)-led growth from the labour-intensive
industry.?? Cambodia introduced the
Industrial Development Policy (2015-2025)
in 2015 to shift the economic structure
from a low-skilled labour one to one backed
up by a skilled and knowledge-based
workforce. The policy focuses on trans-
forming and modernizing the industrial
sector, increasing the export of non-extile
goods, and better regulating small and
medium enterprises.>*To achieve this, the
RGC embraced four strategies: (1) attracting
more foreign investments and private
domestic ones focusing on large industry
and enhancing technology transfer; (2)
developing and modernising small and
medium enterprises; (3) foster the country
competitiveness with a revitalised
regulatory framework, and (4) boost the
“development of human resource,
technical training, improvement of industrial
relations, development of support infra-
structure such as transportation/logistics
and information and -information
communication system (ICT), supply of
electricity and clean water, and public,
social and financial services”.3* As a result
of the Industrial Development Policy
(2015-2025), many strategic documents
have been adopted, including “Industrial
Development Policy (IDP) 2015-2025,
Science, Technology, Engineering &
Mathematics (STEM) Education Policy 2016,
Small and Medium Enterprises (SMEs)
development policy 2017-2021, Technical
and Vocational Education and Training
(TVET) Policy 2017-2025, Modernized TVET
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Strategic Action Plan 2019-2023, Education
Strategic Plan 2019-2023, Cambodian
Higher Education Roadmap 2030 and
Beyond, STI Policy 2020-2030, and Cam-
bodia Digital Economy and Society Policy
Framework 2021-2035".3

Besides these strategic documents,

the RGC designed various interventions
to promote Science Technology and
Innovation (STI), mainly “associated with
mentorship, technical assistance, training
program, SMEs financing and digital
transformation and promotional activities
related to STI".%® For instance, as an
implementation unit of the Entrepreneur-
ship Development Fund (EDF), Khmer
Enterprise (KE) was created to “mobilize,
invest, and manage resources, from all
legitimate sources, to support the
development of a vibrant entrepreneurial
ecosystem and to provide financial and
non-financial supports to related
entrepreneurial ecosystem builders”.”

In 2019, the SME Bank was created

to promote and facilitate SMEs access to
finance, and in 2020, Techo Startup
Centre (TSC) was transformed into a public
administrative institution, with the goal to
“nurture startups to grow into successful
businesses by enhancing talents, entre-
preneurship, and innovation capacities
through the well supported programs"”.?

Also, the Ministry of Post and Telecom-
munications (MPTC) supports the
digitalization in the country, not only
through the improvement of the current
telecommunications infrastructure, but
also enhancing public awareness, and
education in relation to Information
Technology (IT). In 2013, the National
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Authority for Information and Communi-
cation Technology Development (NiDA)
was integrated in the MPTC, and the
national information infrastructure network
is used by ministries and institutions to
this day.>® In 2014, the Communication
Technology Master Plan of Cambodia 2020
was adopted with the aim of “promoting
the development of communication
technology and information, and streng-
thening the development of human
capital, internet connectivity, digital security,
and public services through electronic
systems”.*0 Furthermore, in 2015, the Law
on Telecommunications was promulgated,
and in 2016 the Development Policy

for Telecommunications, Information and
Communication Technology 2020 was
introduced, setting out “measures and goals
to strengthen the basis of the develop-
ment of the telecommunications,
information and communication technology
sectors, digital security, to promote
industrial development, and the use of
information and communication technol-
ogy".*" In addition, the Kingdom adopted
the E-Commerce Law in late 2019, which
“determines the authenticity, accuracy,
security, and reliability of electronic forms
and communications, and the Consumer
Protection Law to promote fair competi-
tion”.#2 The MPTC has also been working
on the law on cyber security, on personal
data protection, along with the National
Policy for the development of the digital
sector, and the national policy on the
prioritisation of cloud-based solutions, called
Cloud First Policy. On the other side, the
Ministry of Interior has been working on a
cybercrime law aiming to make Cambodia
a resilient ecosystem against cyberthreats.

Digital Insights
Future of Education

But also, along with policies, laws and
master plans, campaigns have been
initiated and carried out. Specifically, MPTC
has initiated and conducted public aware-
ness programs such as the Kit Kou Kon
(“Caring for Children”) in collaboration
with other institutions, to foster awareness
on how to protect children while being
online. Also, through MPTC's regulatory
arm, the Telecommunication Regulator

of Cambodia (TRC), MPTC has initiated an
investigation campaign, specifically for
targeting and closing malicious websites
and URLs considered dangerous for
internet users.* In June 2023, the MPTC
launched a program called Digital Talents,
with the goal to empower students from
a younger age by introducing them to
diverse digital skills, challenging their
knowledge, and showcasing their creativity
and problem-solving abilities. This is just
one of the numerous projects supported
financially by the Capacity Building and
Research and Development (CBRD) fund,
introduced in 2017 by the MPTC with the
goal to boost the tech startup ecosystem
in Cambodia, and mainly financed by the




telecom operators in the Kingdom. The
CBRD fund has been pivotal in supporting
financially digital-related projects in the
country, enhancing the digital Cambodian
ecosystem in the past years.

Finally, to support ICT education and
training, the MPTC rebranded and
expanded its education arm, previously
known as National Institute of Posts,
Telecommunications, Information, and
Communication Technology (NIPTICT),
into the current Cambodia Academy of
Digital Technology (CADT),* and develop-
ing three subordinate institutes, namely
the Institute of Digital Technology,

the Institute of Digital Governance, and
the Institute of Digital Research and
Innovation, highlighting once more the im-
portance of fostering a culture of Research
and Development (R&D) for the country.

Research and Development:
The key

Following the structural change approach,
“economic development is seen as a
process where production is shifted in-
creasingly towards activities with greater
technological spillovers, increasing
returns and higher demand elasticities, in
other words, towards higher productivity
activities”.* It is in this ecosystem that
the middle-income trap emerges, and it
can be intended as a situation “where

a middle-income country can no longer
compete internationally in standardised,
labour-intensive commodities because
wages are relatively too high, but it can
also not compete in higher value-added
activities on a broad enough scale
because productivity is relatively too
low".%¢ To escape the middle-income trap,
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an effective TVET infrastructure®, coupled
with R&D to boost innovation®, is necessary.

Specifically, about R&D, the Organisation
for Economic Co-operation and Devel-
opment (OECD) shows researchers have
generally found a positive and statistically
significant impact of R&D on productivity
and economic growth.*® Yet, it was also
highlighted how “markets fail to generate
sufficiently large incentives for firms

to undertake R&D and that firms conse-
quently underinvest in R&D from the
social perspective”.”® In the paper of
Soete et al., > the authors investigated the
relations between total factor productivity
(TFP) and public and private R&D, together
with gross domestic product (GDP) for a
pool of 17 OECD countries for the period
1975-2014, using a vector-error-correction
model. The result showed a general
positive effect of R&D on productivity, with
some cases of negative effects, mainly
driven by two factors: a “fishing out” effect,
and a “creative destruction” one.>? The
first effect refers to the concept that easier
ideas are the ones easier to develop, while
the more complicated ones remain undis-
covered, thus requiring more R&D efforts.
The second effect, creative destructions,
refers to the concept that new ideas make
older ones obsolete, de facto negatively
impacting those who have invested
resources on the now-obsolete ideas.>
Additionally, there is another aspect
related to who arrives first at the production
of an outcome. In fact, those who are
capable of arriving first in the development
of a product or service, will usually get the
majority of the rewards, while the other
competitors may lose part of the invest-
ments spent on the R&D. Yet, in general
the overall findings from the Soete et al.>
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work showed that “a permanent shock to
public R&D suggest that this will increase
the growth rate of TFP (and GDP)”, with a
“relatively strong effect on productivity of
the complementarity between public and
private domestic R&D investments: i.e.,
when the public R&D shock leads to extra
private R&D, the effect on productivity is
stronger”.

Accounting for the importance of R&D, it
can be said that STl infrastructure are the
basic component to support and foster
an ecosystem of STI, and “Infrastructure is
the form of a wide variety of infra-technol-
ogies, and associated standards” essential
to conduct R&D.>> In Cambodia, prior to
the establishment of Ministry of Industry,
Science, Technology & Innovation (MISTI),
the National Science and Technology
Council (NSTC) was created in 2014, with
its secretariat under the management

of the Ministry of Planning (MoP). The
NSTC has focussed on enabling “national
research and development in an efficient
and effective way focusing on the adapta-
tion of acquired technologies to the local
context and enhancing capacity to absorb
foreign technologies”.*® Additionally, the
Cambodian ICT Masterplan for 2014-2020
was introduced in 2014, with the vision

to lead toward an ‘ICTopia Cambodia’,
building the Kingdom as “an intelligent and
comfortable nation with intelligent
people, intelligent society and intelligent
government by ICT".>” In the document, it
is clearly outlined how “the vision for the
Cambodian ICT R&D sector is to boost
national competitiveness through ICT R&D"
with the goal to “enhance ICT technological
capacity through R&D and to help
reinforce national competitiveness” while
contributing to “the development of the
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ICT industry and economic growth based
on national competitiveness strengthened
through ICT R&D".8

Yet, even if efforts have been spent, the
overall R&D in Cambodia remains very low.
Universities are falling short in investing
and pursuing research. Peou® highlighted
how “with profit-seeking private ‘universities’
mushrooming since 1997" the majority

of HEls are “basically teaching-based
institutions, making profits or sustaining
themselves through the generation of
tuition fees, and the structure of training
provided is rather uniform with most pro-
viding four-year undergraduate degrees
with the exception of medical and engi-
neering programmes and a few private
colleges”.®® Additionally, the linkage
between private sector and HEls is weak,
with a clear disconnection between what
HEIs offers, and what private sector needs,
something not present only in Cambodia.®
Furthermore, in the Kingdom, besides the
action plans and policies, a major boost
toward enhancing digital readiness was
placed with the creation of Techo Digital
Talent Scholarships, to support students in
pursuing their studies in digital-related
majors, in leading public or private univer-
sities such as Royal University of Phnom
Penh, CADT, or the American University of
Phnom Penh. Additionally, initiative from
private universities in attracting more
students, mostly female, to IT-related majors,
have been initiated, to enhance the gener-
ation of a tech-savvy pool of professionals
capable to support the vision of the RGC
and thus provide talent to the private and
public sector. Yet, at this stage, the threat
of having many universities struggling

to survive and battling for having enough
qualified instructors remains at the horizon.



Finally, it is important to notice that the
need to give more traction to the R&D
ecosystem in the Kingdom has been
outlined by MISTI in the form of a National
Research Agenda. Specifically, to comply
with the decision of the RGC and “fulfil
the assigned tasks successfully, MISTI has
developed National Research Agenda
2025 (NRA) which serves as the national
strategic document that guides the efforts
of line ministries and other key stakehold-
ers toward creating a research ecosystem
suitable for the ambitions of Cambodia’s
Vision 2030 and 2050".%2 In this document,
MISTI identified 8 research missions,
indicating what should be the main focus
of research activities in the country: local
food, reliable energy supply, quality
education, electronic and mechanical spare
parts, cloud-based services, electricity
and potable water, carbon neutrality, and
digitally enhanced health.s®* MISTI also
highlighted specific challenges currently
present in the Cambodian ecosystem:
“underinvestment in R&D; limited align-
ment between research activities

and national challenges, private sector
activities and policymaking needs; limited
research capacity in the public and private
sectors; a weak research infrastructure;
and limited academia-industry linkages".
At the same time MISTI proposed 4 main
complementary pathways to address the
aforementioned challenges: (1) “investing
in research to support the eight research
missions”, (2) “strengthening the role and
capacities of public research institutions”,
(3) “supporting research careers”, and

(4) “incentivising research activities and
collaboration”.®4
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Conclusions

In conclusion, attracting students to the
right majors is something that must be
done, but hopefully, not at the detriment
of quality. More attention must be placed
on R&D, as also clearly outlined by MISTI,
together with a closer relationship between
universities and private sectors, possibly
increasing the national budget for it, and
creating mechanisms to reward companies
investing in this field. Furthermore, the
process of accreditation of institutions
initiated by the Accreditation Committee
of Cambodia (ACC) should continue

and become even more rigorous, aligning
accreditation with degree validity, together
with an increased transparency and
visibility of mechanisms, and accredited
institutions. This would also facilitate ex-
change programs with foreign institutions,
avoiding pesky situations of countries
unsure on recognizing degrees from
some Cambodian universities, due to
unclear accreditation process or at least
transparency on it. Furthermore, knowledge
transfer and program for enhancing
people connectivity between Cambodia
and ASEAN, and also with other partners
could be the right move to boost R&D in
the country.®> Focus and involvement

in R&D, aligned with the transformative
competencies of creating value, recon-
ciling tensions and dilemmas, and taking
responsibility, defined by the OECD®,
represent what Cambodia, and also other
countries, need in order to sustain their
economic growth: young citizens ready
to be innovative, responsible, and aware,
while being creators, and not only users.
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Digital Skill Competencies Framework - A
Common Language in the Future of Digital
Skill Development in Cambodia

@ Samboeun HEAN, Pisal CHANTY, Panharith IN and Kunly SARAY

1. Introduction

The need for digital transformation for
emerging economies are substantial,
promising unprecedented paces in socio-
economic development and regional

and global integration. It is of significant
concern that the digital sector’s rate of
growth is surpassing that of the traditional
economy on a global scale. Consequently,
nations that fail to engage in digitalization
efforts may find themselves at a growing
disadvantage.! In this context, Cambodia
has prioritized its country strategy toward
the development of digital economy and
society, as articulated in Pentagonal Strategy
Phase 1. This article examines Cambodia’s
digital skill development landscape against
the backdrop of such transformational
imperatives. It uncovers the systemic
challenges that obstruct progress from
supply-side perspective, alongside oppor-
tunities afforded by demographic trends
and its ecosystem. The development

of a co-created digital skill competencies
framework emerges as a critical catalyst
in this context, serving as a conduit for
standardizing and elevating digital
proficiencies to meet the demand of the
digital labor market. The paper engages
with regional and global benchmarks to
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develop lessons applicable to Cambodia's
situation. Arguing for the significance

of common competencies framework, the
analysis underscores its role as a cor-
nerstone in the nation’s broader digital
transformation agenda, positing that such
a framework is not just beneficial but
indispensable for Cambodia to harness the
full potential of its digital transformation.

2. Currentlandscape of
digital skill development
in Cambodia

In this section, the article examines the
current status of digital skill development
in Cambodia by first focusing on digital
skill education as the supply-side of digital
talent development, including data on
student enrollment and graduates, education
and training providers, and programs
offering. Then the skill assessment based on
findings of the scientific study conducted
by the Cambodia Academy of Digital
Technology (CADT) and Cambodia Devel-
opment Research Institute (CDRI) in 2021,
the Demand for and Supply of Digital Skills
in Cambodia, are presented to form
arguments for the government intervention.



First, an examination of Cambodian
student enrollment and graduation rates
shows that in the 2021-2022 academic
year, there was an noticeable interest in
digital fields, with ICT programs attract-
ing roughly 10% of all undergraduates,
though business related programs were
more dominant, at 42% of the total enroll-
ment (see Figure 1).2 This trend points to
a greater preference among Cambodian
students toward business related majors
over ICT disciplines, suggesting where
current educational focuses and potential
digital skill gaps lie. Moreover, over the
span from 2019 to 2022, Cambodia has
annually produced an average of approx-
imately 3,800 ICT graduates.® Despite the
natural growth of the students’ interest in
ICT or digital related field, it remains inad-
equate to cater to the growing demands
of the job market (see Figure 2). The
current graduate output slightly grows in
comparison to the surging requirements
of a rapidly evolving digital landscape.

Figure 1: Proportion of student enroll-
ment at bachelor's degree by
sector, 2020-214

Proportion of student enroliment
at bachelor’s degree by sector, 2020-21

Source: MoEYS 2022, Education Congress
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Figure 2: Number of students studying
and graduated in digital
related field, 2017-22 >
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Looking into the digital skill training
providers and programs, Cambodia hosts
53 higher education institutes (HEIs)
providing ICT programs, with a significant
concentration of 39 institutions in the
capital, Phnom Penh.® However, a prom-
inent redundancy prevails among these
institutions - they predominantly offer
bachelor's degrees in computer science. As
shown in Figure 3, computer science
programs are offered by 39 different HEls,
following by Business Information System,
Telecommunications and Networking, and
Computer Engineering. This redundancy
in program offerings raises concerns
regarding the diversity and adequacy of
curricula in addressing the specific

and dynamic skill demands of the country's
digital economy. The predominance

of generalist computer science programs
emphasises the need for diversification
and specialization in digital skill education
and training offerings.
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Figure 3: Mapping of HEls providing ICT program in Cambodia and program
offerings’

HEIs Prowiging ICT Progeams in Cambodia

According to a firm survey that targeted 202 firms (135 ICT firms and 67 non-ICT firms)
and the key informant interview of 18 selected HEls of the Demand for and Supply of
Digital Skills in Cambodia, there are digital skill gaps of the ICT graduates, lacks of digital
talents in the labor market, and a rising future demand of digital talent in Cambodia. First,
the study finds that top skill gaps identified by both ICT and non-ICT firms in Cambodia
are in the areas of basic digital skills, soft skills, and language (commonly refer to English)
proficiency.®

Figure 4: Digital skill gaps based on firm survey?®
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Moreover, Figure 4 presents the top 5
advanced digital skill gaps reported by the
surveyed firms include developing content,
programming, creativity and innovation,
solving information, software and technical
problems, and protecting sensitive infor-
mation.!* This is well reflected in curriculum
analysis based on subjects taught at HEIs
in Cambodia. Roughly 25% of the founda-
tional year curriculum is allocated to core
subjects such as English, mathematics,
and statistics, adhering to the guidelines
set by the Accreditation Committee of
Cambodia (ACC)." 2 Programming-related
subjects made up 17% of the overall
curriculum, with systems and software at
14%, and networking at 12%." It's important
to highlight that while the HEIs interviewed
have implemented a credit system, the

Figure 5: ICT related circular of HEIs '*
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options for students to select electives
based on their interests were non-existent
or extremely limited. Interviews with key
informants revealed that the majority of
the HEIs surveyed provide all students,
not just those in ICT, with an introductory
computer course in the first year, focusing
primarily on Microsoft Office, as well as
internet and email usage. Most of the
leading professions in the future are related
to new technologies. However, subjects
related to emerging technologies such as
cloud computing, data science, machine
learning, Al, and fintech, which are highly
demanded by the market and the future
of work, are only accountable for a small
fraction of subjects offered by HElIs (see
Figure 5).™

g | Uncatagorized

_ Communication and Design

Network

Digital Insights
Future of Education

49



Future of Education and Lifelong Learning

Another major finding of the assessment
shows that limited digital skills among
employees and lack of digital talent remain
challenges for both ICT and non-ICT firms.
' More importantly, it is projected by the
owners of the survey'\s firms that there
will be an increasing need of digital talent
between 2021and 2022 at 41% for ICT
firms and 20% for non-ICT firms, making
an average future demand of 30%. "’
Based on these findings, it is argued that
despite the on-going effort of the Royal
Government of Cambodia and relevant
stakeholder in digital talent development,
Cambodia‘s digital skill landscape is yet to
fulfill the growing demand of the industry
as well as the development priorities

of the country. It is mainly due to the
discrepancy of university enrollment in
digital technology majors, high prevalence
of redundancy of digital related programs
offered by HEls, and high skill gaps and
shortages as there is no common under-
standing of the demand and supply of
specific skill in the digital talents. These
imply the need of co-created tools or
instruments to bridge the gaps between
the demand and supply side of digital
talent. It emphasizes the need for a holistic
approach to address the multifaceted

skill requirements of the digital economy.

Digital Insights
Future of Education

3. Why Digital Skill Competencies
Framework?

The article argues for the need of a
comprehensive digital reference framework
to narrow the gaps among the demand
and supply side of the digital skill develop-
ment in Cambodia. Digital Skill Competencies
frameworks are increasingly developed
by countries across the globe.’® A flexible
and comprehensive digital skill competen-
cies framework provides a systematic
approach to categorizing and structuring
the complexity and range of digital
skillsets." Digital Competence Framework
for Citizens (DigComp) of the European
Commission, Digital Literacy Global
Framework (DLGF) developed by UNESCO,
Digital Skills to Tangible Outcomes (DiSTO)
developed by London School of Economics,
and New Essential Digital Skills Frame-
work of UK are common example of the
competencies framework.

The framework is not only to define a
“common understanding through agreed
definitions and set vocabulary”?° but also
serves as a foundation for the formulation
of inclusive, equitable and sustainable
policy interventions. Moreover, the
framework is also used for education and
training purposes including curriculum
design and reforms, certification, and also
the skill assessment.?' However, each
framework serves its own purpose with
different level of digital skills (see Box 1)
and uses, not only for curriculum

design and digital talent development,
but also for the digital skill assessment.
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Box 1: Level of Digital Skill

Digital skills and competencies exist on a continuum from basic skills to higher level,
specialist skills, which are refers to “different abilities, many of which are not only ‘skills’
per se, but a combination of behaviours, expertise, know-how, work habits, character
traits, dispositions and critical understandings”. 22 According to ITU23, Digital Skill could
be categorized into three level: Basic Digital Skills: the fundamental abilities required to
operate digital devices such as smartphones or computers, navigate the internet, and
use simple software applications; Intermediate Digital Skills: skills beyond basic digital
literacy that includes the ability to perform work functions by using various software
applications, perform online transactions, understand digital security, and engage in
online communication and collaboration; and Advanced Digital Skills: the skills to “use
digital technology in empowering and transformative ways"?. It is necessary for more
specialized tasks includes the ability to create complex digital content, develop soft-
ware, understand and manage complex IT systems, and utilize advanced digital tools
for analytical purposes.

Creating professional Using el Digital
online profiles keyboards InteNigence entrepreneurship
and touch-
Wurd anﬁ SCreans
BASIC g Doxa
Managing privacy SKILLS ADVANCED
settings SKILLS
Emall INTERMEDIATE _

DESHDP SK“—I-S Diﬁﬂal Graphl: B‘]Eﬂal .

Publishing Design Marketing

Continuum of Digital Skill?

4. A proposed co-created Cambodia’s Digital Skill Competencies
Framework

With the recognition of the importance of the digital skill competencies framework, the
Cambodia Digital Economy and Society Policy Framework 2021-2035 and Digital Government
Policy 2022-2035 outlined the policy measure to develop a comprehensive strategy to
develop digital skills 26 and the development of a digital skills competencies framework?”.
The proposed design of the Digital Skill Competencies Framework in Cambodia is derived
from the principle and framework for the development of Cambodia’s digital economy
and society, which is based on the two foundations and the three pillars that set the
priorities of the Digital Economy and Society Policy Framework 2021-2035.%
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The development of the framework adopted co-creation methods among policymakers,
professors, lecturer, professional, and experts from relevant ministries, universities,
private sectors, and development partners. In the process, it also incorporates the scientific
study of the current digital skill development, focus groups, and consultative workshops,
and benchmarking with the best practise and regional recommendation. The ASEAN ICT
Standard® and Singapore's ICT Skills Framework® has been studied and used to benchmark
the framework to ensure regional consistency and to enable regional digital talent mobility.

Figure 6: Principle and framework for building Cambodia’s Digital Economy
and Society3'

Digital

Citizens Government

Enabling Infrastructure fo

digital Transfermation

Impacts

The proposed Cambodia Digital Skill
Competencies framework's design is closely
aligned with these strategic elements of
the Digital Economy and Society Policy
Framework (see Figure 6) and the regional
recommendation to ensure the develop-
ment of key digital competencies, as well
as corresponding to the demand of the
industry. It encompasses 7 skill tracks,
providing a comprehensive overview of the
digital skill landscape and outlining

the core competencies and skills required
across various domains to address the
diverse needs of the digital economy. As
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2026-2030
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2021-2025

Building Foundations and

Digital Adoption

shown in Figure 7, the proposed Cambodia
Digital Skill Competencies Framework
consists of 7 skill tracks, 20 sub-tracks, and
62 occupations as follows3%

1. Digital Infrastructure derives from
the foundation for establishing
the necessary infrastructure for digital
transformation. It emphasizes the impor-
tance of building a robust backbone,
data center and cloud infrastructure to
support digital transformation initiatives.
It contains four sub-tracks: Transmission
and Fiber Optical, Telecoms and



Networking, Data Center and Cloud
Infrastructure, System and Virtualization,
covering 20 occupations.

. Cybersecurity derives from the foun-
dation focused on fostering reliability
and confidence in the digital ecosystem.
It emphasizes the need for robust
cybersecurity measures and to ensure
trust in digital systems, which can be
triggered by infrastructure vulnerabili-
ties, network security, information
security, operational security, application
security, and the lack of awareness of
users and firm on cybersecurity. It
contains two sub-tracks: Governance,
Risk and Compliance, and Cyber
Operation, covering 8 occupations.

. Data Governance derives from the
foundation focused on fostering
reliability and confidence in the digital
ecosystem with emphasizes the need
for effective data governance practices
to safeguard sensitive information

and ensure trust in digital systems. It
contains two sub-tracks: Data Protection
and Governance, and IT Audit, covering
5 occupations.

. Software and Application derives from
the three main pillars of Cambodia’s
digital economy and society in order to
enable the digital adoption among
government, businesses, and citizen. It
encompasses the knowledge, abilities,
and proficiencies required to develop,
design, test, deploy, and maintain
software and applications. It contains
four sub-tracks: Software engineering,
Embedded System Engineering, UX/UI
Design, and Management Information
System, covering 11 occupations.
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5. Data and Artificial Intelligence (Al)

derives from the importance of Data
and Al in promoting the development
of digital services and production for
inclusive digital adoption and transfor-
mation of all stakeholders of the digital
economy; especially, in education,
healthcare, business and governance.
It contains three sub-tracks: Data
Science, Al Science and Application,
and Business Intelligence, covering 7
occupations.

. Digital Sales, Communication and

Marketing derives from a crucial role
of digital sales, communication, and
marketing in driving digital adoption
and transformation by creating aware-
ness, facilitating internal communication
and change management, enhancing
customer engagement and experience,
gathering market insights, promoting
digital tools, measuring progress, building
external relationships, and amplifying
success stories. It contains three
sub-tracks: Digital Content Creation,
Digital Marketing and Sales, and Digital
Communication, covering 5 occupations.

. Digital Innovation and Entrepreneur-

ship derives from the need to unlock
the full potential of digitalization

and reap its transformative benefits.
This skill track drives technological
advancements, seizes market oppor-
tunities, enhances economic growth,
encourages digital disruption, focuses
on customer-centric solutions, fosters
collaboration, nurtures a culture of
continuous improvement, and address-
es societal challenges. It contains

two sub-tracks: Technology Business
Development, and Innovation Manage-
ment, covering 6 occupations.
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Figure 7: Proposed co-created Cambodia Digital Skill Competencies Framework33
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In addition to the argument on the need
of the reference framework for digital skill
competencies, the framework will also
serve as a comprehensive but not exhaus-
tive guide to support students, firms, and
training providers in stimulating their roles
in digital skills development. For students
and employees, the framework serves as
a valuable resource helping them to identify
and nurture their digital skills and compe-
tencies for career orientation. * Moreover,
employees can gain insights into digital
skills of their interest and it provides

a structured pathway for employees to
understand the skills required for different
occupations in the digital realm, empow-
ering them to make informed decisions
about upskilling and reskilling in their career
pathways. For firms, the framework offers
guidance for their recruitment efforts and
skills planning.?® Firms can identify the
specific digital skills and competencies
required for different occupations, which
helps firms align their recruitment pro-
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cesses and job descriptions with the skill
sets outlined in the framework, ensuring
that they attract candidates with the
necessary digital skills to drive their digital
transformation initiatives. Lastly, for
training providers, the framework enables
them to design and develop training
programs that align with industry needs
and emerging skill demands. Training
providers can ensure that their programs
cover the necessary digital competencies
required by the job market. It provides
guidance on the specific skill tracks,
sub-tracks, and occupations that should
be incorporated into the training curricula,
enabling students to gain relevant and
in-demand digital skills.®

5. Ways forward

The adoption of the Digital Skill Compe-
tencies Framework is not an end, but

it is a steppingstone towards the develop-
ment of digital skill in Cambodia. The



framework could serve as a reference
document and common language for key
stakeholders in narrowing the differences
between the supply side (students and
universities), and the demand side (public
and private sectors). It is to guide the design
and development of training programs,
and to ensure that digital training curricu-
lums are aligned with industry requirements,
promoting the acquisition of relevant
technical and soft skills for students and
employees, as well as preparing human
resource need analysis for firms’ advance-
ment. However, the framework alone is
not sufficient. It requires more efforts from
all stakeholders; especially, the government,
universities, and private sector to
collectively work together to address the
challenges. Based on the analysis of

the current ecosystem of the Cambodia
as presented in the above section, below
are potential activities recommended to
accelerate the development of digital talent
in Cambodia:

First, all stakeholders have a unique role
in attracting students to choose to pursue
their studies in digital related fields or to
improve attractiveness of STEM as the
career of the future generation. It includes
creating scholarship programs for student
in the field of digital technology, student
loans, and the development of attractive
STEM curriculum or extra-curriculum
activities. Second, the government should
take a leading role in introducing policy
interventions to improving quality and
capacity of training providers, especially
universities and TVET, in offering digital
technology programs. It includes modern-
izing curricula in all levels of education,
investment in broadband internet
infrastructure and supporting digital infra-
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structure for teaching and learning, and
the capacity building of lecturers, professors,
and researchers. Third, the training
providers should work to introduce more
certification programs and testing to
enable students and employee the oppor-
tunity to get international and regional
certifications, as a mechanism for re-skilling
and up-skilling of workforce and the
promotion of digital talent mobility. Lastly,
mapping the current status and skill need
assessment are crucial to promote an
evidence-based digital talent development
intervention. It is fundamental that a
routine assessment of skill demand is
conducted and informs the revision of the
skill development initiatives to ensure

the relevance of the skill competencies
framework and response to the need of
digital talent in the country and region.
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Digital Literacy and Entrepreneurship
in Cambodia: Assessing Gaps, Implications

and Future Steps

@ Kimsorng SAN, Davy HEAB and Shane GLADWIN

1. Introduction

In 2021, Cambodia announced the
implementation of its Digital Economy and
Society Policy Framework 2021-2035 and
set out a vision to build “a vibrant digital
economy and society by laying the
foundations to promote digital adoption
and transformation in all social actors [...]
to accelerate new economic growth and
promote social welfare in the new normal”.!
The framework outlines three core pillars
of a vibrant digital economy and society,
namely, a digital government, digital busi-
nesses and digital citizens. While these three
pillars play unique roles in Cambodia’s
transformation towards a digital economy
and society, this paper is interested in
exploring the cross-cutting nature of
these pillars, especially between digital
businesses and digital citizens.

As digital technologies continue to disrupt
traditional work operations, there has been
a growing need for entrepreneurs and
traditional human capital to adapt to digi-
tally transforming business environments,
especially since the pandemic. That being
said, Cambodia has already shown

signs of strong digital adoption over the
last decade. In September 2022, there

were approximately 18 million internet
subscriptions? for a population of roughly
16.7 million3, which potentially indicates
the use of multiple internet subscriptions
per consumer - highlighting a growing
reliance on the internet. Additionally,
across other aspects of everyday life such
as for retail payments, there is a clear
shift towards digital services as we see the
number of KHQR payment transactions
(QR Code Payments) rise to approximately
400,000.% In the past several years, there
seems to be a clear shift online towards
using Social Media platforms. Today, there
are approximately 14.5 million Facebook
users® in August; however, a clear indication
remains that digital readiness as well as
digital literacy (which is defined in the next
section) is still low - especially in the
context of the workforce. Research indicates
that there is a skills gap within the ICT
sector® and similarly a 2020 Global Digital
Readiness Index rates Cambodia with

a digital readiness score of 9.27/25 (well
below the global average).”

For the purposes of this paper, we will be
focusing in particular on entrepreneurs as
they remain a core foundation to building
a resilient digital economy. The positive

impact of developing the entrepreneurial
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ecosystem is clearly highlighted in
Cambodia s Digital Economy and Society
Framework®, with further calls to action

to enhance entrepreneurial ability through
the incorporation of digital skills. In light
of this, a necessary question to consider is
what are the effective mechanisms to
best achieve this?

The Digital Government Policy 2022-2035
has since outlined a strategic goal to further
build digital capacity and innovation in
the country, with a priority on developing
the national digital competence framework
and promoting the training of important
digital professionals.® Under this goal, the
framework outlines a strategy on building
human capital which involves the promotion
of digital literacy (through various means)
across educational channels to build the
capacity of the professionals through the
uptake of digital skills.™

Critically, educational institutions - from
primary through to higher education -
have been identified as effective platforms
through which skills development can
take place and play an important role in
developing digital literacy amongst the
workforce. Across formal segments

of education however, higher education
institutes (HEIs) in particular stand out as
a segment that is closest to the beginning
of an individual's professional journey -
and thus HEls are an effective starting point
for focusing on digital literacy initiatives.

In terms of entrepreneurship, the Royal
Government of Cambodia considers the
private sector as the engine of economic
growth, and vital for promoting entrepre-
neurship. It is evidenced by many
government initiatives to promote entre-
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preneurship such as the process for the
Entrepreneurship Development Fund (EDF)
and Techo Startup Centre for developing
the ecosystem, initiated by the Ministry

of Economy and Finance, as well as the
establishment of SME banks to boost
entrepreneurship.”

With this in mind, this paper attempts
to further explore the linkages between
digital literacy and entrepreneurship and
examines how digital literacy initiatives
can be improved within higher-education
institutions to achieve better entrepre-
neurial outcomes.

2. Digital literacy and digital
trends

Ensuring digital literacy nationwide is

a necessary factor for the successful
digital transformation of any developing
nation. This section attempts to provide
a high-level review of digital literacy in
Cambodia, while outlining how emerging
digital trends significantly increase the
need to improve its outcomes.

2.1 Defining digital literacy

In order to remain consistent with the
theme of digital literacy and its relation to
entrepreneurship (especially in the context
of a digital economy), this paper will use

a particular definition that encompasses
aspects of digital literacy that remain
relevant to characteristics of digital entre-
preneurship. As the definition has evolved
significantly over the years with the
advancement of digital technologies, today,
digital literacy can be defined as the “ability
to access, manage, understand, integrate,
communicate, evaluate and create informa-



tion safely and appropriately through digital
technologies for employment, decent jobs
and entrepreneurship”.'? It includes various
competences that are often referred to as
computer literacy, ICT literacy, information
literacy and media literacy.

2.2 Assessing gaps in digital literacy

According to the Cambodia Digital Economy
and Society Policy Framework 2021-2035,
approximately 30% of the population have
foundational digital skills.”> In September
2022, there were 18 million internet
subscriptions, based on the Telecommu-
nication Regulator of Cambodia.™ In
contrast to a population of 17 million,
Cambodia demonstrates high internet user
penetration but has a low digital literacy
rate. This specific rate is reflected in
standardized indices such as the Global
Digital Readiness Index which is determined
by examining seven components (such as
basic needs, business and government
investment, ease of doing business, human
capital, start-up environment, technology
adoption and technology infrastructure)
to obtain an overall digital readiness score.
Cambodia scored 9.27/25 which was well
below the global average.’> Additionally,
based on the Cisco Digital Readiness
Index 2021, Cambodia was ranked 92nd
among 146 countries'® and was classified
in its ‘Accelerate’ category indicating that
it would benefit from additional human
capital development, basic human needs
improvements and advancements in the
ease of doing business in order to
capitalize on the benefits of digitization
on economic growth.
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A 2021 Digital Skills Assessment that

was jointly conducted by the Cambodian
Academy of Digital Technology (CADT)
and the Cambodia Development Resource
Institute (CDRI) outlines that there are
significant digital skills gaps for the general
workforce, hindering the ability of individuals
to adapt and adopt to changes in workplace
environments - like when being introduced
to new processes that require specific ICT
skills.'” In terms of professional skills

gaps (specific to digital skills for ICT
professions), the assessment indicated that
a majority of the gaps to be presentin

the ability to innovate and create, predo-
minantly in developing and repurposing
content, creating and innovating using
technology as well as for applications and
programming.'®

N

2.3 Emerging digital trends

With the onset of the COVID-19 pandemic,
there has since been exponential growth
in the usage of digital technologies - which
has contributed significantly to the growth
of the digital economy’® as a whole. In
Cambodia, the e-commerce market is
projected to reach USD 979.90m in 2023
with an annual growth rate (CAGR 2023-
2027) of 12.24%.%°
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The World Bank estimates that the digital
economy contributes to more than 15% of
global gross domestic product (GDP),

and in the past decade it has been growing
at 2.5 times faster than physical world
GDP.?" In Cambodia, the market size of
the digital economy is estimated to be
USD 1.45 billion in 2023 with e-commerce
contributing a significant portion, around
USD 1.28 billion.? In addressing the
importance of the digital economy, the
Royal Government of Cambodia identified
the digital sector as a new model of
economic growth in economic structure,
development and international trade as
outlined in the Digital Economy and Social
Policy Framework 2021-2035.% Additionally,
the newly adopted Pentagonal Strategy?,
a revision of the previous Rectangular
Strategy, will strengthen the role of the
digital economy in the country's develop-
ment moving forward.

With the prevalence thus far that the
digital economy has had in the development
of Cambodia’s strategic roadmap moving
forward, there is ample opportunity for
entrepreneurs and business owners to
expand their existing businesses digitally.
However, as outlined earlier in this paper,
entrepreneurs need digital skills to grow
their business, remain competitive, and
keep up with the fast-changing world
without being left behind. To address any
gaps that may exist in their ability to
operate within this space, having digital
literacy is important for entrepreneurs to
operate locally and internationally.
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3. Digital literacy and its
importance in the context of
entrepreneurship

In the context of the entrepreneurial
journey, digital literacy acts as a gateway
to the broader ecosystem, aids in ease of
doing business, efficiency and sustaining
businesses in the long-term goal. This
section expands on the cross-cutting
benefits of digital literacy for entrepreneurs
and business owners.

3.1 Digital literacy as a gateway to
the entrepreneurial ecosystem

Over the last 5 years, there has been a
significant rise in the number of activities
promoting and supporting entrepre-
neurship in Cambodia such as startup
competitions, startup incubation, invest-
ment and acceleration programs. These
entrepreneurial activities have become
mainstream and have attracted the
attention of young tech-savvy individuals,
especially fresh graduates and undergrad-
uate students. Additionally, during and
post pandemic, many entrepreneurship
programs were conducted digitally

and some of them remain their digital
activities blended with physical activities
such as Digital Platform Accelerator,
Bandos Digital Startup, Cambodia Digital
Award 2022 (CDA 2022) and Women's
Digital Entrepreneurship (WDE).? As of
September 2023, there are 153 active
startups, 6 incubators and accelerators,
13 communities and associations, 13
institution investors, and 20 academic
institutions who are engaging actively in
entrepreneurship ecosystem in Cambodia.?



The growth of the entrepreneurship
ecosystem digitally has unknowingly

addressed the importance of digital literacy.

People with digital literacy can easily
explore, learn, and access the entrepre-
neurship ecosystem which drives their
interest to begin their entrepreneurship
journey.

3.2 Benefits of digital literacy in
entrepreneurship

While the three R's (Reading, wRiting, and
aRithmetic) remain the backbone of our
education system, our ability to learn and
communicate has evolved with society
and technology.?” Basic literacy and
numeracy are important for everyone;
however, digital literacy is an essential skill
today considering the rapid digitalization
of both the economy and society. Having
digital literacy will enable us to navigate
digital platforms easily and effectively,
especially in the context of entrepreneur-
ship. Ease of doing business is improved
via digital platforms which bring more
competitors into the market. Digital literacy
can become a competitive advantage for
businesses - if entrepreneurs can make
use of it to their advantage - to survive
and thrive in a highly competitive market.

Outlined below are several benefits of
digital literacy to entrepreneurs.

* Increased access to international
markets: With relevant digital skills,
entrepreneurs can expand their busi-
nesses into new markets internationally
by doing cross border e-commerce
or connecting to business partners
internationally. This allows businesses
to increase their customer base,
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generate more sales, increase revenue,
and remain sustainable. However,
expanding business internationally is not
easy and entrepreneurs need strong
digital skills to effectively communicate
with business partners and customers
digitally through effective marketing
practices.

Maintaining customer loyalty:
Entrepreneurs can engage and stay
connected with customers via digital
platforms such as social media. Many
businesses in Cambodia nowadays
have their online presence such as
Facebook page or Telegram Channel to
maintain relationships with customers.
Moreover, digital marketing has become
an important sales channel for
businesses and there is an increasing
amount of advertising on digital plat-
forms. According to Statista, the Digital
Advertising market in Cambodia is
projected to reach a market volume of
USD 121.39 million in 2027.28

Ease of recruiting talent: Human
capital is an important asset for every
company. Entrepreneurs with digital
literacy can connect and select potential
employees who will help the business
grow. Digital platforms do not only
enable communication between
companies and customers, but also
companies and employees. Social
media such as LinkedIn have become
common places for job search globally
and locally. Entrepreneurs can use
such platforms to recruit talented
employees.
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4. How digital literacy initiatives
can be further embedded into
HEIs in Cambodia

Digital literacy initiatives play an important
role in equipping individuals with the
necessary skills and knowledge to thrive
in the digital age. In Cambodia, higher
education institutions (HEIs) serve as
appropriate and relevant platforms to
further embed these initiatives. By doing
so, HEIs can empower students with the
digital skills needed for academic success,
future employment prospects and their
potential entrepreneurial ventures.

4.1 Why are HEIs important education
platforms for digital literacy?

A general education pathway of Cambodian
students starts with kindergarten, primary
school, high school, and higher education
institutions (HEIs). The first three stages of
the education journey (from kindergarten
to high school) are mainly designed for
basic literacy and numeracy. Although tech-
savvy students can capture digital literacy
during their high school years, HEIs are
more specialized in nature, especially

as platforms for improving specific skills
including digital literacy. Moreover, HEls
are the closest education stage to the
employment and entrepreneurship journey.
As HEls students must be ready for the
job market which is essential for equipping
them with digital literacy.

There are 130 HEIs in Cambodia, of which
82 are private and 48 are public with
209,059 students (95,619 females) enrolled
in the school year 2021-2022.° Enrollment
in higher education was measured by the
overall education rate of the population
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aged 18 to 22. The female enrollment rate
for HEIs was 13.2%, for males 15.5% in the
Academic Year 2021-2022% and the overall
enrollment rate increased by an average
of 0.55% per year over the past decade.
We can look further into STEM education
in HEls as it is closely related to digital skill
education, where on average (between
male and female students) the percentage
of STEM training students was 25.6% in
the Academic Year 2021-2022. There was
an average annual increase of 0.66% over
the past decade.’” These increasing
numbers in HEIs enrollment and STEM
training enrollment address the importance
of HEls in Cambodia in developing future
human capital for future workforce and
entrepreneurship.

4.2 How digital literacy can be
embedded further in HEIs

HEIs plays an important role in the education
of digital literacy to students by providing
digital learning experience through two
main practices: using learning management
systems (LMS)*? and offering digital-related
courses or majors. Some universities have
implemented LMS such as third-party
programs like Google Classroom and
Canvas. LMS allows students to access
class materials, view and submit assign-
ments, connect with classmates and
professors, collaborate with group members,
take exams digitally, and more. These
digital learning experiences help students
cultivate digital literacy subconsciously.
During the COVID-19 pandemic, HEIs
were shut down and online classes were
required which also increased the adop-
tion of digital learning experiences among
students and increased the number of
universities using LMS.



Additionally, digital literacy can be
embedded further in HEIs through the
offering of digital-related courses or majors.
Over the past decade, there has been a
growing number of HEIls offering digital
skill courses or majors significantly. In 2023,
there are 53 HEls offering digital skill
programs with top programs being com-
puter science, business information
systems, and telecoms and networking.>
Analysis conducted in the 2021 Digital
Skills Assessment conducted by the CADT
also outlines that HEIs have the potential
to put more effort into introducing
additional courses related to relevant
technologies such as blockchain technol-
ogies, financial technology-related skills,
and data science while incorporating
core aspects of critical thinking, problem
solving, communication, creativity and
collaboration.3* Additionally, opportunities
exist to further implement digital literacy
initiatives across non-ICT related courses
as well. Blended learning serves as one
potential method, which is a combination
of traditional face-to-face education with
online learning.*® In the social sciences,
and across many non-ICT related courses
for example, it is the integrated use of
technology as a learning strategy and as

a tool to access greater resources meant
to create a more personalized learning
experience®. While there is little research
supporting this in the Cambodian context,
regional case-studies indicate that similar
outcomes could be achieved through the
implementation of more general blended
learning models in HEIs. Research con-
ducted on the implementation of blended
learning in Social Sciences at Indonesian
HEIs outlines that blended learning in
social sciences have the potential to retain
certain categories of students’ compe-
tencies including knowledge & skills and

Future of Education and Lifelong Learning

thinking abilities there are retained digital
literacy skills, critical thinking and prob-
lem-solving skills as well as creativity.>”

Outside of improving and increasing digital
literacy courses within HEls, alternate
channels to further incorporate digital
literacy exist in collaborations between HEls
and the private sector. Company managers
are keen on strengthening collaborations
with HEIs to help address the skills gaps
that exist.® This would involve periodic
consultations, internships and conferences.
Additionally, the 2021 Digital Skills
Assessment indicated that there is also the
potential for collaboration outside the
aforementioned channels, in particular
through a sector skills council for ICT which
would help narrow down the necessary
skills and qualifications in this sector to
better inform curricula development and
program delivery.3 This form of public-
private partnership will remain necessary
if Cambodia is to focus on a driven digital
literacy approach that seeks to solve
specific gaps and challenges in this regard.
Ultimately, only the private-sector can
bring the necessary knowledge and
lived-experiences necessary to inform
greater digital literacy reform (in HEls).

In light of this, however, it is important

to keep in mind the reasons behind why
attempts at incorporating these initiatives
have been limited so far. The Digital
Assessment study suggests that this may
potentially be due to insufficient human
resources and a lack of investment
budgets.* The drive for digital literacy
requires the necessary human capital within
HEIs to facilitate the teaching of specific
courses related to digital literacy. While
the drive for upskilling the workforce has
placed an importance on teaching the
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future generation of workers - more can
be done to provide the necessary training
to lecturers and teachers in this space.
Additionally, with a growing number of
HEls in the country, there is generally high
competition in terms of tuition fees. Over
the last decade, there has only been a
minimal increase in the tuition fees, which
has been lower than the inflation rate,
significantly hindering the abilities of HEIs
to invest appropriately in courses that
address the specific digital skills gap.'

5. Moving forward

This paper has attempted to highlight
how digital literacy and entrepreneurship
are crucial for fostering transformation in a
digital economy. Through the use of digital
technology, entrepreneurs are able to
enhance their business operations better
than before and increase productivity. HEIs
remain important and necessary platforms
through which skills can be learnt and
developed through numerous initiatives.
However, moving forward, we must keep
in mind that the entrepreneurial journey
and mindset is developed far before the
transition into the workforce. In attempting
to understand the practical implications
of digital literacy initiatives then, we must
also widen our scope to further understand
the most effective ways to improve the
prospects of entrepreneurship overall in
the country.

To do so, we could consider what Khan

et. al. describe as the development of
“fusion skills”.*? Fusion skills in this context
can refer to the combination of creative,
entrepreneurial and technical abilities

that ultimately help facilitate smoother
transitions between different fields of work
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as the economy evolves.® So far, this paper
has discussed the integration of improved
digital literacy initiatives across HEI's but
has done so with a particular focus on
improving both entrepreneurial and tech-
nical abilities. In relation to this, efforts are
also already in motion, with the announce-
ment of the Digital Skills Development
Roadmap - an initiative being led by the
CADT with support from the Ministry of
Post and Telecommunications (MPTC)
and the Ministry of Education, Youth and
Sport. The roadmap offers HEIls guidance on
course development across several diffe-
rent skill tracks, including entrepreneurship.

The creative aspect of fusion skills on the
other hand can largely be linked to the
outcomes of an ‘entrepreneurial mindset,
which is something that will be critical in
developing the future of entrepreneurship
in Cambodia. An entrepreneurial mindset
is best described as a “growth-oriented
perspective through which individuals
promote flexibility, creativity, continuous
innovation, and renewal”.** One way of
categorizing this mindset involves viewing
it as the promotion of creative and inno-
vative problem solving which is something
that can be addressed across pre-university
levels of education.* A study conducted

in Slovenia had success in teaching young
students the entrepreneurial mindset by
developing topic or thematic based
courses that placed focus on decoding a
local problem, breaking it down, and
using evidence-based brainstorming (after
speaking with local experts) to come up
with solutions. The study fostered a
positive result from the students, in that
they were not only focused on the process
of problem solving (as opposed to the
final product) but did so creatively through



interaction and collaboration with peers
as well.*¢ Keeping this in mind, there are
significant prospects for the integration
of digital aspects into such course design
through the use of digital tools or digital
solutions (designing presentations, flyers,
infographics). This would allow us to

bind outcomes for both entrepreneurship
and digital literacy at early stages of
development. Considering that each stage
of education is complementary to the
next, students would not only be better
prepared for later stages of their educational
journey but would also be better equipped
to adapt to an evolving labor market.

Implementing such a curriculum, however,
would take a significant amount of time
and resources. Curricula in both national
primary and secondary education in
Cambodia is currently being revised to

1 Royal Government of Cambodia, “Digital Economy and
Society Policy Framework 2021-2035", May 2021, https://
mptc.gov.kh/en/documents/policies/31605/, 20.
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include basic aspects of digital literacy,
however, is being developed over lengthy
periods, requires significant funding and
is being developed and implemented

by segment (in order of high school, middle-
school, and finally primary).*” With the
primary curriculum being at the end, there
lies the risk of it already being far too late
by the time it is implemented - which is
something that departments responsible
should take into consideration. Overall,
however, perhaps a prioritization of
short-term and long-term goals should be
put into place to ensure that there is
consistent effort to reform education at
all levels. Implementing digital literacy
initiatives further into HEls could

be categorized as a short-term goal,
considering its achievability and progress
so far, while pre-university reforms can
be long-term.
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Fostering Digital Pedagogy Among

Pre-Service Teachers
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Background

Digital technologies have intensified the
digitalisation of the global economy. The
use of information and technologies to
transform business models, innovate new
products and services, and facilitate
transactions ushers in a digital economy.
The digital economy could play a role in
promoting economic growth through reit-
erations of digital dimensions in increased
inclusion, efficiency, and scalability.” The
digital economy encompasses a wide range
of ideas including e-commerce, e-govern-
ance, e-banking, e-knowledge processing,
payment wallets, and digital competency
in labour markets? The digitalisation of
the economy can be proliferated by the
amplification of the digital competency of
the said economy.? The majority of the
fastest-growing jobs are technology-related
roles. The ICT sector is expected to make
up 2.5% of the global workforce and 1%
of the workforce of developing countries.*
Therefore, the economic gains from having
access to digital technology are significant
and it can be implied that digital skills are
crucial for human capital.

Building human capital through education
is a critical measure for social and
economic development. To equip the work-
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force with digital skills, mandating digital
literacy in education is a key measure.
Mandating digital literacy in developing
human resources is a priority in building
the future of citizens in Cambodia, aligned
with one of the three pillars of building a
digital economy and society.> Like other
professionals, teachers have experienced
the integration of information and
communication technologies (ICTs) in their
professional journey. Digital technology
has opened new possibilities and is also
transforming the way we learn by making
educational materials and resources
more accessible and affordable than ever
before.® Teachers are expected to utilise
digital technologies to maximise learners’
experience and develop learners’ digital
literacies.

The emergence of digital education

is achieved by purposively incorporating
technologies in the classroom. However,
technologies can be perceived as beyond
a delivery platform, but “as a pedagogical
tool.”” It can help learners submerge into
hands-on and meaningful experiences.
Digital education is here to revolutionize
education from ‘transmissive’ to ‘transfor-
mative®, meaning learners and teachers
have the ability to not just impart
knowledge, but also be change agents. To



meet this expectation, teachers need to
practice integrating technology into teaching
techniques and teaching content. This
new way of teaching combining the use
of technology known as ‘Digital Pedagogy’
can make learning more fun, rewarding,
and effective.® While traditional classrooms
allow the practice of hands-on learning
activities, digital technology enables tea-
chers to adopt appropriate technologies and
design blended learning environments
that leverage the strengths of both tradi-
tional and digital learning approaches.™

It involves a strategic approach where
teachers leverage digital tools to enhance
both teaching techniques and teaching
content. In this context, digital pedagogy
emphasizes the creative and critical use
of technology to facilitate active learning
experiences.

While the use of digital technologies in
Cambodian classrooms is not a new
phenomenon, it is widely recognised that the
preparedness of teachers to incorporate
digital competencies into their teaching
practices is crucial. Pre-service teachers'
technology skill acquisition and experiences
are primarily associated with their initial
teacher education. It is indicative that
teacher education develops teachers’
professional competence by bridging theo-
retical knowledge and the practicality of
pedagogy. Initial Teacher Education (ITE)
refers to the foundation study in the
teaching professional journey where
pre-service teachers play a role as both
teacher and learner to discuss, practice,
and reflect on how to teach and how

to facilitate their learners to learn.” Cam-
bodia's Teacher Policy developed by the
Ministry of Education, Youth, and Sport in
2013 also states the aim of equipping
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teachers with skills, professional compe-
tence, and morals to meet the requirements
of their profession.’? What does digital
pedagogy entail? How do pre-service
teachers perceive digital pedagogy? Do
they perceive digital pedagogy as an
important aspect of their professional
confidence? How do teacher training
institutions come into play in promoting
digital pedagogy?

Objective

This paper seeks to understand the
importance of digital pedagogy among
pre-service and in-service teachers by
assessing the perceptions regarding
digital pedagogy of pre-service and in-
service teachers through the theoretical
basis - TPACK - technological, pedagogical,
content knowledge. The findings are
relevant for the government and standard-
setting bodies to cultivate an effective
mechanism to build teaching capacity
and support Cambodia’s pre-service and
in-service teachers. Finally, this paper
provides step-by-step recommendations
that teacher training institutions could
follow to enact digital pedagogy in
pre-service teacher training.

Challenges of teaching with
technology

Globally, the adoption of digital technology
surges in almost all sectors, education
included. COVID-19 intercepted face-
to-face interactions and online learning
replaced face-to-face interactions. Online
learning is not entirely a new phenomenon.
Online learning was often practised by
higher education institutions to offer
better flexibility and accessibility to a wider
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range of people.’®* Cambodia could not
avoid online learning during the pandemic.
COVID-19 has accelerated the adoption of
online learning at an unprecedented rate.
the Ministry of Education, Youth, and
Sport (MoEYS) in Cambodia demonstrated
resilience and adaptability during the
COVID-19 crisis. Their efforts in ensuring
the continuity of learning from pre-school
to upper secondary school could be
accessed only online, through platforms
such as the MoEYS e-learning website,
Facebook page, YouTube channel, Krou
Cambodia and Komar Rien Koma Cheh,
the Ministry’s official Facebook page for
early grade learning. MoEYS, with support
from a variety of development partners,
started to broadcast continuous or
distance learning programs through a new
dedicated education television channel
(TVK2) and on radio™ which played a crucial
role in mitigating the impact of the pan-
demic on the education sector. Through
these initiatives, the Ministry contributed
significantly to the continuity of education
for Cambodian students during these
unprecedented times.

The greater potential the measures to
ensure the continuity of learning have, the
greater teacher capacity is needed. Factors
including a shortage of digital devices

and internet access, limited institutional
support capacity, and student and teacher
readiness for technology-based learning
need to be considered to strengthen the
capacity of teachers."” Teachers' readiness
for technology in teaching has gathered
great attention from many researchers.
While technology adoption in Cambodia’s
education system ought to be given top
priority'®, the practice of digital technolo-
gy among Cambodian teachers is identi-
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fied as a major challenge. Although most
teachers have experienced online teaching
during the time when the schools were
closed, teachers switched back to physical
classrooms the moment schools reo-
pened, stating online classrooms are less
engaging and effective.” This shows that
the teacher did not feel comfortable
delivering online teaching. As evidenced by
the MoEYS and ESWG's assessment report
(2021), only 13% of teachers and school
directors were confident in performing
their jobs effectively during the school
closures, while other teachers stated they
needed support with lesson planning and
material development (57%), the use of
social media for distance learning (55%),
and the use of online platforms (40%).®

In line with this, a World Bank report
suggested that the majority of Cambodian
teachers have voiced concerns about
remote learning while only 18% said that
they were provided with enough capacity
support.’” Addressing these challenges
requires ongoing professional development
for teachers, adequate infrastructure and
resources in schools, and a thoughtful,
well-planned approach to integrating
technology into the classroom. Teachers
must be equipped with the knowledge and
skills to harness the potential of technology
while mitigating its challenges effectively.

Teacher education in Cambodia

The Royal Government of Cambodia’s
long-term vision is to move Cambodia into
an upper-middle-income country by 2030.
Hence, one of the strategies to achieve
that is to equip citizens with strong
technical and 21st-century skills.?° Those
skills include but are not limited to,
communication, critical thinking, collab-



oration, creativity, and information and
communication technology (ICT). In the
Cambodia Digital Economy and Society
Policy Framework 2021-2035, developing
a common framework to promote digital
literacy including digital leadership
development is set to be implemented.
The Cambodian government has put
priorities on reforming many sectors,
education is one among those.?' A signifi-
cant measure to ensure the prioritization
of technology adoption in Camdodia’s
educational system?2 is to equip the
learners and teachers with sufficient skills
to use digital tools effectively. For learners
to acquire skills, teachers are also required
to share the same knowledge and

skills in those domains.? School is the
best starting point.

The rapid pace of technological advance-
ment poses a challenge. New tools and
applications constantly emerge, requiring
teachers to continuously upskill and adapt
their teaching methods. Cambodia has
made strides in revamping teacher educa-
tion programs. Teacher training is one of
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the key priorities with policy in place

with support from many international
stakeholders.?* Aligned to enhance teachers’
capabilities to the fullest extent, MoEYS
introduced comprehensive ,Teacher
Professional Standards” in 2010.2° These
standards, applicable to educators in
licensed public and private educational
institutions, encompass four vital
components: (i) Professional Knowledge,
(i) Professional Practices, (iii) Professional
Study, and (iv) Professional Ethics.? In
contrast to teacher education being a key
priority, most teachers have claimed to
have never been trained to use technology
in the classroom during their pre-service
training.?” In recognition of the significance
of digital skills in ensuring high-quality
education, MoEYS revised the standards in
2016. The standards facilitate the enhance-
ment of teachers’ skills, incorporating
information communication technology (ICT)
to meet the challenges of the digital era.
The revised standards place an emphasis
on teachers' professional practices -
teaching methodology and teachers’ self-
learning.® To exercise the standards, teacher
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training centres (TTCs) are established to
recruit and skill trainees with teaching as
a career prospect.? Given the shortage of
teachers in the education system, the bar
of the requirement of the newly recruited
teachers is lowered. The Teacher Policy
Action Plan sets a requirement for new
teachers to have passed grade 12 while
the rural primary teachers only have to have
passed grade 9 and obtain an extra
two-year of teacher training (9+2). However,
to teach at an upper-secondary school, a
bachelor's degree is needed and the
one-year National Institute of Education
(NIE)'s post-graduate program (BA + 1).%°
Meanwhile, the completion of grade 12
plus 2 years at a teacher training centre
(12+2) is required for lower secondary
teachers and urban primary teachers.®
Upper secondary teachers have to undergo
a bachelor's degree and one more year of
the National Institute of Education (NIE)'s
post-graduate program (BA + 1).32
However, the core competence offered

in the mentioned teacher education
programs is not available.

TPACK: A model for digital
pedagogy

When discussing the digitalisation of
education, the first notion that comes to
mind is the use of technology equipment
in teaching and learning. Digital tools

and resources are recognised to play a
crucial role in enhancing the quality and
engagement of teaching material design,
supporting teaching and learning processes,
fostering networking and collaboration,
and cultivating digital competencies, skills,
and literacy.*® Thus, integrating digital
pedagogy into the preparation of pre-service
teachers is crucial, not only to enhance
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the readiness of teachers to transfer
knowledge for a digital generation but
also to fulfil the demand for labour in the
21st-century economy.3* These appre-
hensions, often rooted in low digital literacy,
highlight the need for teachers to build
confidence in utilizing technology effectively.

Before unravelling the case of digital
pedagogy, an understanding of pedagogy
must be established. Pedagogy refers to
the bridge between learning methods and
contexts in which learning takes place.
The relationship also embeds a teacher’s
beliefs about how learning happens.®

To further augment Dewey’s view on
learning through the repetition of hands-on
experiences and adequate choices and
Bloom's emphasis on actionable and
measurable learning objectives, Nebrul
looks at digital pedagogy through the lens
of 4Ei, considering instructional methods,
learning strategies, and learning goals, in
the context of India.*® The 4Ei model
magnifies the utilisation of technology in
teaching and learning as a value added to
the learning goals through 4 components:
1. Explore; 2. Engage; 3. Enhancement;
and 4. Extension and integration of digital
pedagogy tools.>” Howell (2012) advocates
that technology influences the way teachers
are perceived - teachers are expected

to obtain digital proficiency and the capa-
bility of using techniques to meet the
demands of learners. These demands stem
from the novelty of a digitally enhanced
environment exposed to the young
generation, known as Digital Natives.* This
phenomenon is labelled Digital Expectant.*®
To tend to this expectation, teachers

turn to a new pedagogical approach that
equips them with the capability to utilise
digital tools and resources known as



Digital Pedagogy*°. While technological
support is often emphasized, it is also
important to note that digital pedagogy
involves a mixture of components such as
content based in digital form, digital
educational environment, technological
methods and tools, and digital compe-
tencies of teachers.*" In this paper, digital
pedagogy is referred to the practice

of purposive integration of digital tools to
improve learning experiences through
informed decision-making on instructional
strategies, instructional delivery, content
design, and teacher-learner relationship
perpetuation.

Incorporating digital resources effectively
in education requires teachers to possess
some essential skills presented in the
TPACK model. The TPACK model stands
for Technology, Pedagogy And Content
Knowledge’ and was first conceptualised
in 2016 by Punya Mishra and Matthew

J. Koehler in “Technological Pedagogical
Content Knowledge: A Framework for
Teacher Knowledge“? The model is selected
as the theoretical basis of this paper
because it is one of the most prominent
models of teacher competence for the
effective use of digital technologies in
teaching. The TPACK model introduced by
Mishra and Koehler in 2009 emphasises
how pedagogies, content, and technologies
interact with each other to help teachers
deliver lessons in a more meaningful
manner.
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Figure 1: TPACK framework and
components
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TPACK is a model that describes the
different types of knowledge that teachers
possess to succeed in their teaching
delivery. TPACK was, in fact, built on Lee S.
Shulman’s work in 1986 “Those Who Under-
stand: Knowledge Growth in Teaching"
in which he challenges the traditional idea
that teachers should integrate the content
knowledge and pedagogical knowledge to
effectively teach their subject matter rather
than possess each knowledge separately.
TPACK sheds light on the importance

of Technological Knowledge of teachers in
addition to their Content (CK) and Peda-
gogical Knowledge (PK). It has become a
prominent framework among educational
practitioners and researchers as a sugge-
sted approach to be applied in classroom
teaching. There have been numerous
studies on the production of TPACK.
Suprapto et al. (2020) analysed the trend
of research on TPACK between 2015

and 2019 and found that although the
studies related to TPACK keep rising notably,
the USA dominated the most research
study followed by Australia and Turkey.*
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Figure 2: TPACK framework and components explained

T conteat -

Source: Schmid, Brianza, and Petko 2020

TPACK consists of three foundation
dimensions (CK, PK, TK), which are then
transformed logically into seven factors
through the interaction and overlapping
process between the three dimensions.*
TPACK also refers to teachers’ ability to
combine technology, pedagogy, and content
and use them to appropriately plan lessons,
develop classroom strategies, and deliver
instructional methods through the means
of technology.* TPACK is often considered
to be an essential framework during this
digital age. It is essential to include digital
pedagogy in teacher training so that
teachers can integrate the use of technology
into their teaching, taking into account
their pedagogy and content knowledge. %
As is observed, the model is a widely used
self-report instrument to assess teachers’
competencies in adopting online learning
or their use of technology in classrooms.

Method

This paper examined how pre-service and
in-service teachers perceive and apply
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technological, pedagogical, and content
knowledge (TPACK) through their teacher
education and teaching practices. Data
was collected by means of a questionnaire
containing 56 items. Adapted from TPACK
and TPACK.xs developed and validated

by Schmid and her team, the survey on
preservice teachers’ self-assessment of the
seven knowledge domains within the
TPACK framework as a means of data
collection. These knowledge domains
include technology knowledge (TK), content
knowledge (CK), pedagogical knowledge
(PK), pedagogical content knowledge (PCK),
technological content knowledge (TCK),
technological pedagogical knowledge (TPK),
and finally, technological pedagogical
content knowledge (TPACK). The questions
in this study were used as participants’
self-assessment of their TPACK perception.
The majority of these were Likert items
based on a scale from “strongly agree” to
“strongly disagree.” Other questions ask
for factual information, highest education,
age group, gender, and teaching experience.
The questionnaire was contextualised
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to relate to Cambodian teachers in services or in pre-services. Google Forms was the
medium of survey dissemination. Google Forms displayed both English and Khmer to
minimise misunderstanding.

Table 1: Measures of TPACK

Source: Authors

Measures Item Description

Pedagogical | can adapt my teaching based upon what students currently
Knowledge understand or do not understand.*

| can adapt my teaching style to different learners.*

| can use a wide range of teaching approaches in a classroom
setting.>°

| can assess student learning in multiple ways.*'
I know how to assess student performance in a classroom.*?

| am familiar with common student understandings and
misconceptions.>?

| know how to organize and maintain classroom management.>
Content | have sufficient knowledge about my teaching subject.>®
Knowledge | can use a subject-specific way of thinking in my teaching subject.>®
| know the basic theories and concepts of my teaching subject.>”

| know the important theories and the historical events in the field
of my teaching subject.>®

| have various ways and strategies of developing my understanding
of my teaching subject.>

| am familiar with recent research in my teaching subject.®
Technological | keep up with important new technologies.5'
Knowledge | frequently play around with the technology.?
| know about a lot of different technologies.®
| have the technical skills | need to use technology.%
| know how to solve my own technical problems.®®

| can learn technology easily.®®

| have had sufficient opportunities to work with different technologies.®”
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Measures Item Description

Pedagogical | know how to select effective teaching approaches to guide student
and Content thinking and learning in my teaching subject.%®
Knowledge

| know how to develop appropriate tasks to promote students
complex thinking of my teaching subject.®®

| know how to develop exercises with which students can enhance
their knowledge of my teaching subject.”®

| know how to evaluate students' performance in my teaching
subject.”

| can explain the essential content of my teaching subject in ways
that students can understand.”

In my teaching subject, | can identify from student errors where there
are difficulties in understanding and give appropriate feedback.”

Technological | can choose technologies that enhance the teaching approaches
and for a lesson.”
) | can choose technologies that enhance students' learning for a
Knowledge .
lesson.
| can adapt the use of the technologies that | am learning about to
different teaching activities.”
I am thinking critically about how to use technology in my classroom.””
My teacher education program has caused me to think more deeply
about how technology could influence the teaching approaches |
use in my classroom.’®
Technological | know how technological developments have influenced the field
and Content of my subject.”
Knowledge

| can explain which technologies have been used in research in my
field and my teaching subject.®

I know which new technologies are currently being developed in
the field of my subject.®’

I know how to use technologies to receive and challenge the new
knowledge of the field of my teaching subject.’?

I know technologies which help me understand my subject.®

I know how to use essential technologies which are specific to
my subject.8
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Measures Item Description

Technological,
Pedagogical,
and Content
Knowledge

| can use strategies that combine content, technologies, and
teaching approaches in my classroom.?>

| can choose technologies that enhance the content for a lesson.®®

| can select technologies to use in my classroom that enhance
what | teach, how | teach, and what students learn.®”

| can teach lessons that appropriately combine my teaching
subject, technologies, and teaching approaches.®

| can support others to coordinate the use of content, technologies,
and teaching approaches at my school or community.8°

Additionally, the survey was disseminated
through various teacher networks, heads
of departments and schools, and direct
connections with teachers. Telegram was
put into use to communicate with the
respondents. Respondents were recruited
from various private and public schools
through a simple random sampling. The
respondents were provided with detailed
information about the study and asked

to complete the questionnaire online
voluntarily and allowed to skip any question
that they were not comfortable answering.
After having completed the questionnaire,
the respondents were asked to refer
the questionnaire to other pre-service and
in-service teachers.

Data analysis

Our initial data is the responses collected
from Google form as the form of Excel.
Then, the collected data was transferred
to Statistical Package for the Social
Sciences (SPSS) software for statistical
analysis purposes. An initial assessment
of response validity was undertaken. This
paper analyses teachers’ perceptions of

their teaching knowledge and practice in
classrooms through the lens of TPACK.

A descriptive analysis was employed

to understand teachers’ confidence in
integrating TPACK and compare the level
of TPACK employment between the three
identified groups of teachers. Our analysis
follows the calculation of Mean (M) and
Standard Deviation (SD) in each of the
domains in TPACK. Demographical factors
such as areas of Cambodia from which
they are, age group, gender, the highest
education, teaching experience, school in
which they teach, teacher education
program which they are undertaking or
have undertaken, and level they teach are
also considered. Following the descriptive
analyses, cross-tabulations were conducted
to identify patterns of TPACK employment.

Results and discussion

Demographics

65 in-service and pre-service teachers
participated in our survey. However, only
63 were validated through SPSS, which
consists of 30 respondents who are female
(44.4%) and 35 male (55.6%). Our survey
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shows that the majority of respondents are
young adults, with over half of respondents
(56.5%) in the 20-29 age group. The 30-39
age group is the second largest group,
accounting for 16.1% while the 40+ age
group is the smallest group accounting for
27.4% of respondents. Approximately
half of the respondents are from various
provinces across Cambodia. Nevertheless,
there are more female teachers (22) located
in Phnom Penh than male teachers (13)
while the same number of male teachers
as females (22) are in the provinces.
47.6% of respondents possess at least a
Bachelor's degree, 38.1% have already
obtained a Master's Degree, 9.5% with a
Doctoral Degree, and only 4.8% have
completed high school. In regards to teacher
education programs, the majority of
respondents (53.2%) report having obtained
a ‘Bachelor's degree’, while 25.5% of others
with a ‘Bachelor’s Degree +1' and 4.3%
with a ‘Bachelor’s Degree +2'. Only 12.8%
have obtained an ‘Associate Degree' and
4.3% responded ‘Other’. Among them,
around half of the respondents (48.8%)
received their initial teacher training at a
Higher Education Institution (HEI) while the
other 32.6% attended the National
Institute of Education (NIE) and 16.3%

are from the Regional Teacher Training
Centres (RTTC).
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Figure 3: Teacher education program
undertaken by the respondents
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Figure 4: Teacher education institutions
and respondents
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In terms of teaching experiences, most
of our respondents reported having
extensive teaching experience of 5 years
(46.8%) and above (21%). The remaining
respondents report having four years
(4.8%), three years (8.1%), two years
(11.3%), or one year (8.1%) of experience.
Respondents represented a variety of
teaching institutions, including private
schools (54%), public schools (36.5%), and
NGOs (9.5%). Respondents also taught at
a variety of levels ranging from Primary
school (17.5%), Secondary school (42.9%),
Higher education (34.9%), as well as
Non-formal & TVET (1.6%).



Descriptive Analysis
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Table 2: Descriptive statistics of the study variables and the TPACK domains

total score (N=63)

Source: Authors

DLIGETT Mean SD

Pedagogical Knowledge (PK) 4.09 0.68
Content Knowledge (CK) 3.98 0.74
Technological Knowledge (TK) 3.88 0.71
Pedagogical and Content Knowledge (PCK) 4.00 0.60
Technological and Pedagogical Knowledge (TPK) 3.95 0.71
Technological and Content Knowledge (TCK) 3.88 0.74
Technological, Pedagogical, and Content Knowledge (TPCK) 3.93 0.71

The general descriptive statistics of all
variables are presented in Table 1. As
depicted, teachers rated their competence
highly in all domains with the lowest means
score at only 3.86. This suggests that
teachers are confident in their ability to
integrate pedagogical, content, and
technology knowledge into their teaching,
considering the majority of the respondents
(76.2%) had completed their teacher
education. However, the top two domains
with the highest means are consistently

pedagogical domains (PK = 4.09; PCK =
4.01) whereas any technological constructs
(e.i. TK, TPK, TCK, and TPCK), thus inter-
secting with pedagogical constructs

(e.i. TPK and TPCK) are consistently rated
low (TK =3.87; TPK =3.9; TCK = 3.86; TPCK
= 3.92). Generally, the technological

domains are lower than their counterparts.

This is a reflection of teachers’ lower con-

fidence in integrating technology into their
classrooms and the lack of preparedness

for the use of technology in their teaching
practices®.
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Table 3: Descriptive data (N=63)

Source: Authors

Domain Variable Item Mean SD
PK1 | can adapt my teaching based upon what students 4.21 0.70
currently understand or do not understand.
PK2 | can adapt my teaching style to different learners. 4.02 0.81
PK3 | can use a wide range of teaching approaches in a 4.11 0.68

classroom setting.

PK4 | can assess student learning in multiple ways. 4.11 0.68

PK PK5 | know how to assess student performance in a 411 0.54
classroom.

PK6 I am familiar with common student understandings 4.11 0.57

and misconceptions.

PK7 | know how to organize and maintain classroom 3.97 0.80
management.

Total 4.09 0.684

CK1 I have sufficient knowledge about my teaching subject.  4.17 0.69

CK2 | can use a subject-specific way of thinking in my teach-  3.94 0.69
ing subject.

CK3 | know the basic theories and concepts of my teaching  4.05 0.68
subject.

CK4 | know the important theories and the historical events  3.81 0.69

CK . ) . .

in the field of my teaching subject.

CK5 | have various ways and strategies of developing my 4.05 0.83
understanding of my teaching subject.

CK6 | am familiar with recent research in my teaching 3.78 0.94
subject.

Total 3.98 0.74

TK1 | keep up with important new technologies. 4.11 0.63

TK2 | frequently play around with the technology. 4.02 0.78

TK3 | know about a lot of different technologies. 3.89 0.60

TK TK4 I have the technical skills | need to use technology. 3.94 0.67
TK5 | know how to solve my own technical problems oc- 3.61 0.78

curred while using technology.

TK6 | can learn technology easily. 3.79 0.83
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Domain

TK

PCK

TPK

TCK

Variable

TK7

Total

PCK1

PCK2

PCK3

PCK4

PCK5

PCK6

Total

TPK1

TPK2

TPK3

TPK4

TPK5

Total

TCK1

TCK2

TCK3

TCK4
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Item

| have had sufficient opportunities to work with
different technologies.

| know how to select effective teaching approaches
to guide student thinking and learning in my teaching
subject.

| know how to develop appropriate tasks to promote
students complex thinking of my teaching subject.

| know how to develop exercises with which students
can enhance their knowledge of my teaching subject.

| know how to evaluate students' performance in my
teaching subject.

| can explain essential content of my teaching subject
in ways that students can understand.

In my teaching subject, | can identify from student
errors where there are difficulties in understanding
and give appropriate feedback.

| can choose technologies that enhance the teaching
approaches for a lesson.

| can choose technologies that enhance students'
learning for a lesson.

| can adapt the use of the technologies that | am
learning about to different teaching activities.

I am thinking critically about how to use technology in
my classroom.

My teacher education program has caused me to think
more deeply about how technology could influence the
teaching approaches | use in my classroom.

| know how technological developments have influ-
enced the field of my subject.

| can explain which technologies have been used in
research in my field and my teaching subject.

| know which new technologies are currently being
developed in the field of my subject.

| know how to use technologies to receive and chal-
lenge the new knowledge of the field of my teaching
subject.

Mean SD

3.79 0.72
3.88 0.71
3.92 0.63
3.94 0.62
3.98 0.61
4.08 0.55
4.11 0.48
4.06 0.60
4.00 0.60
3.94 0.67
3.98 0.66
3.94 0.80
3.89 0.81
3.84 0.87
3.95 0.71
4.11 0.70
3.73 0.81
3.56 0.88
3.83 0.69
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Domain Variable Item Mean SD
TCK5 | know technologies which help me understand my 3.98 0.64
subject.
TCK TCK6 | know how to use essential technologies which are 3.98 0.75
specific to my subject.
TPCK1 | can use strategies that combine content, technolo- 3.87 0.79
gies, and teaching approaches in my classroom.
TPCK2 | can choose technologies that enhance the content for  3.97 0.65
a lesson.
TPCK3 | can select technologies to use in my classroom that 4.02 0.64
enhance what | teach, how | teach, and what students
learn.
TPCK
TPCK4 | can teach lessons that appropriately combine my 4.00 0.60
teaching subject, technologies, and teaching approach-
es.
TPCK5 | can support others to coordinate the use of content, 3.78 0.79

technologies, and teaching approaches at my school or

community.

To measure the confidence of teachers in
using digital technologies in their class-
rooms, the descriptive results incorporated
in Table 3 reveal that the means of most
of the items of PK domain are around

4 (above the mean value of the scale), the
means of most of the items of CK, PCK, and
TPCK are more dispersed (between 3 and
4), the means of the majority of the items
of TK and TCK are low (as the overall
means are the two lowest of all domains)
and the means of all the items of TPCK are
below 3.95. In line with a study conducted
by Castéra and team in 2019, this result
clearly underlines that along with the
need for teachers' ability to use technology
(TK), they also need to be able to use this
technology competence to aid their
content and/or pedagogical knowledge
(TCK, TPK, and TPCK). *!
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Within the PK domain, the item “I can adapt
my teaching based upon what students
currently understand or do not understand,”
scores the mean of 4.21 while the item

“l know how to organize and maintain
classroom management,” obtains the
lowest mean at 3.97. Within the CK domain,
the item “I have sufficient knowledge
about my teaching subject,” scores the
highest mean at 4.17 while the item “l am
familiar with recent research in my teaching
subject,” with the lowest mean of 3.78.
Within the TK domain, the item “I keep up
with important new technologies,” has
the highest mean of 4.11 while the item

“I know how to solve my own technical
problems occurred while using technology,”
has the lowest mean of 3.61. Within the
PCK domain, the item “l can explain
essential content of my teaching subject



in ways that students can understand,”
has the highest mean at 4.11 while the
item “I know how to select effective teach-
ing approaches to guide student thinking
and learning in my teaching subject,” has
the lowest mean at 3.92. Within the TPK
domain, the item “l can choose technologies
that enhance students’ learning for a
lesson,” scores the highest mean at only
3.98 while the item “My teacher education
program has caused me to think more
deeply about how technology could influ-
ence the teaching approaches | use in my
classroom,” relatively scores the lowest

at 3.84. Within the TCK domain, the item,
“l know how technological developments

Teaching Experiences
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have influenced the field of my subject”
has the highest mean of 4.11 while the
item “l know which new technologies are
currently being developed in the field

of my subject,” distinctly has the lowest
mean of 3.56. Finally, within the TPCK
domain, the item “l can select technologies
to use in my classroom that enhance what
| teach, how | teach, and what students
learn,” obtains the highest mean at 4.02
while the item “I can support others to
coordinate the use of content, technologies,
and teaching approaches at my school

or community” obtains the lowest mean
at 3.78.

Table 4: Compared means against years of teaching experience

Source: Authors

Teaching Experience

Do- Var-

.. 2 Years
main iable

1 Year

3 Years

4 Years 5 Years >5Years

PK1 400 0.71 4,00 0.00 3.80
PK2 420 045 386 038 3.80
PK3 400 0.71 4,00 0.00 4.20
PK PK4 380 084 3.71 049  4.00
PK5 3.80 0.45 386 038 420
PK6 340 055 4.00 0.00 4.40
PK7 3.60 0.55 4.00 0.00 4.20
CK1 400 000 400 058 4.00
CK2 360 055 357 079 4.00
CK3 420 045 371 049  4.00
<« Ck4 360 055 329 076 3.80
CK5 4.00 0.71 4.00 058 4.00
CKé 4.00 0.71 3.86 0.69 3.40

045 400 0.00 462 065 418 0.82
045 433 058 438 077 383 0.97
045 400 0.00 431 0.75 403 0.78
0.00 4.00 0.00 454 066 4.07 0.72
045 367 058 415 069 424 051
0.55 4.00 0.00 4.08 064 424 0.58
045 433 116 408 086 386 092
0.00 367 058 446 066 4.21 0.82
000 333 058 423 044 400 0.80
0.00 333 058 431 063 407 0.80
045 267 058 377 073 410 0.56
0.71 367 058 423 044 400 0.96
134 267 058 3.85 099 383 0.93
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Teaching Experience
Do- Var-
main iable

1 Year 3 Years 4 Years

M M M

Total

TK1 440 055 400 000 400 000 433 058 438 0.51 393 0.75
TK2 420 045 414 038 380 045 4.00 1.00 433 089 383 097
TK3 400 000 3.71 0.76 400 0.00 367 058 417 072 379 0.62
TK TK4 360 0.89 3.71 076 400 0.00 367 058 423 060 393 0.70
TK5 340 055 357 054 360 055 3.00 1.00 400 074 355 0.87
TK6 340 089 400 0.00 3.60 114 367 058 431 0.63 3.62 0.90
TK7 380 045 400 000 400 0.00 367 058 408 095 362 0.78

PCK1 380 045 4.00 058 400 000 367 058 4.00 0.71 3.90 0.72

PCK2 400 000 386 038 400 0.00 400 000 408 076 386 074

PCK3 380 045 414 038 400 0.00 367 058 415 080 393 0.65
PCK

PCK4 380 045 4.00 0.00 4.00 0.00 4.00 0.00 4.23 073 410 0.62

PCK5 3.60 0.55 4.00 0.00 4.00 0.00 4.00 0.00 438 0.51 414  0.52

PCK6 3.80 045 400 082 400 0.00 400 000 425 062 407 0.5

TPK1 420 045 38 038 400 000 367 058 415 080 383 0.76
TPK2 420 045 38 038 400 000 367 058 415 069 390 0.77
TPK TPK3 400 000 386 038 420 045 367 058 423 073 376 099
TPK4 400 000 400 082 380 045 367 058 400 1.00 379 0.86

TPK5 4.00 0.00 3.86 135 340 055 333 058 431 063 376 0.91

TCK1 4.00 0.71 400 058 380 045 367 058 454 066 4.03 0.73
TCK2 4.00 0.71 343 098 3.20 110  3.00 1.00 400 082 376 064
TCK3 340 055 286 1.07  3.00 1.00 3.00 1.00 377 093 376 0.69
TeK TCK4 380 045 3.71 076 360 055 3.67 058 408 086 376 0.64

TCK5 400 000 414 038 380 045 333 058 438 065 383 0.66

TCK6 4.00 0.00 3.71 125 400 0.71 367 058 423 073 393 0.70

TPCK1 3.80 045 38 038 360 055 3.00 1.00 423 060 383 093
TPCK2 4.00 0.00 400 058 380 045 333 058 423 060 390 0.72
TPCK TPCK3 420 045 414 069 380 045 367 058 423 060 390 0.67
TPCK4 380 045 400 000 400 000 367 058 423 060 393 0.70

TPCK5 3.60 0.89 3.71 095 360 055 367 058 392 095 376 074
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Comparing teaching experience among
the three identified groups, teachers, who
possess 5 years of teaching experience
score the highest in almost every sub-scale
in the seven domains. The average of the
means is above 4, which indicates a high
level of competence for the teachers in that
group. There are only a few sub-scales
with the means less than 4; particularly the
lowest means is 3.77. The second-highest
range of means score is witnessed in the
group of teachers with more than 5 years
of teaching experience. They rate the
highest scores in the domain of ‘Pedagogy
knowledge (PK), ‘Content Knowledge (CKY',
and ‘Pedagogical Content Knowledge (PCK).
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Compared means of the three groups

Figure 5: Three groups of respondents
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In this paper, we will predominantly examine teachers' knowledge of the three identified
groups: 1. Teachers who have undergone teacher education (48); 2. Current teacher
trainee (2); and 3. Teachers who have not undergone teacher education (13).

Table 5: Compared means across three groups

Source: Authors

Teachers who have
undergone teacher
education

Domain Variable

Teachers who have
not undergone
teacher education

Current Teacher

Trainee

PK1 4.27 0.57
PK2 4.13 0.61
PK3 4.17 0.56
PK PK4 4.09 0.65
PK5 4.17 0.60
PK6 4.13 0.61
PK7 4.02 0.76

4.00 0.00 4.00 1.13
4.00 0.00 3.62 1.33
3.50 0.71 4.00 1.00
3.50 0.71 4.31 0.75
3.50 0.71 4.00 0.00
3.50 0.71 4.15 0.38
3.50 0.71 3.85 0.99
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Teachers who have Teachers who have

Current Teacher
undergone teacher . not undergone
Trainee

Domain Variable education teacher education

CK1 4.31 0.55 4.00 0.00 3.69 0.95
CK2 4.00 0.62 4.00 0.00 3.69 0.95
CK3 4.08 0.61 4.00 0.00 3.92 0.95
o« CK4 3.79 0.77 4.00 0.00 3.85 0.38
CK5 4.02 0.79 4.00 0.00 4.15 1.07
CK6 3.67 0.88 4.00 0.00 4.15 1.14
Total 4.00 0.69 3.95 0.07 3.92 0.89
TK1 4.10 0.66 4.50 0.71 4.08 0.49
TK2 4.00 0.83 4.50 0.71 4.00 0.58
TK3 3.96 0.55 4.00 0.00 3.62 0.77
TK TK4 3.98 0.64 3.50 2.12 3.85 0.56
TK5 3.64 0.82 3.50 0.71 3.54 0.66
TK6 3.83 0.86 3.00 1.41 3.77 0.60
TK7 3.85 0.74 4.00 0.00 3.54 0.66

PCK1 3.96 0.65 4.00 0.00 3.77 0.60
PCK2 3.96 0.68 3.50 0.71 3.92 0.28
PCK3 4.04 0.62 3.50 0.71 3.85 0.56
Pk PCK4 4.15 0.58 3.50 0.71 3.92 0.28
PCK5 4.15 0.46 3.50 0.71 4.08 0.49
PCK6 4.09 0.58 3.50 0.71 4.08 0.64

TPK1 3.98 0.73 4.00 0.00 3.77 0.44
TPK2 4.00 0.72 4.00 0.00 3.92 0.49
TPK TPK3 3.96 0.77 4.00 0.00 3.85 0.99
TPK4 4.04 0.68 4.00 0.00 3.31 1.03
TPK5 3.85 0.95 4.00 0.00 3.77 0.60

Total 3.99
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Teachers who have Teachers who have

Current Teacher
undergone teacher . not undergone
Trainee

Domain Variable education teacher education

TCK1 4.21 0.54 4.00 0.00 3.77 1.09
TCK2 3.71 0.82 3.50 0.71 3.85 0.80
TCK3 3.56 0.85 4.00 0.00 3.46 1.05
TCK
TCK4 3.83 0.69 4.00 0.00 3.77 0.73
TCK5 3.98 0.67 4.00 0.00 4.00 0.58
TCK6 4.04 0.68 4.00 0.00 3.77 1.01
Total 3.90 0.71 3.91 0.13 3.77 0.85
TPCK1 3.92 0.77 4.00 0.00 3.69 0.95
TPCK2 3.94 0.70 4.00 0.00 4.08 0.49
TPCK TPCK3 4.02 0.67 4.00 0.00 4.00 0.58
TPCK4 3.98 0.67 4.00 0.00 4.08 0.28
TPCK5 3.85 0.80 3.50 0.71 3.54 0.78
Total 3.95 0.71 3.92 0.12 3.85 0.70
Total 3.99 0.69 3.82 0.35 3.86 0.72

A disaggregated analysis of the three groups’ scores revealed that teachers who had
undergone teacher education programs consistently outperformed the other two groups
in almost all domains, with the most outstanding score seen in Pedagogical Knowledge.
Significantly, the mean scores for all of the sub-scales in the domain of pedagogical
knowledge are above 4, which indicates a high level of confidence of teachers in the area.
While the pedagogical domain, PK (4.09) and PCK (4.01), rank the highest, the sub-scales
of the technological domains score the lowest at 3.86 for TCK and 3.87 for TK.
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Teaching Schools Factors

Table 6: Compared means across teaching schools

Source: Authors

Domain Variable Public School Private School

PK1 4.35 0.49 4.21 0.65 3.67 1.37

PK2 413 0.34 4.06 0.85 3.33 1.51

PK3 4.22 0.60 4.18 0.52 3.33 1.21

PK PK4 417 0.72 412 0.70 3.83 0.41
PK5 4.26 0.62 4.06 0.49 3.83 0.41

PK6 4.26 0.54 4.09 0.57 3.67 0.52

PK7 3.96 0.77 412 0.59 3.17 1.47

Total 4.19 0.58 412 0.62 3.55 0.98

CK1 4.22 0.60 4.26 0.57 3.50 1.23

CK2 4.00 0.67 3.97 0.58 3.50 1.23

CK3 4.22 0.52 4.09 0.57 3.17 1.17

cK CK4 4.09 0.60 3.65 0.73 3.67 0.52
CK5 417 0.72 4.12 0.73 3.17 1.33

CK6 3.91 0.85 3.88 0.84 2.67 1.21

Total 411 0.65 4.01 0.66 3.32 1.09

TK1 3.96 0.64 4.26 0.51 3.83 0.98

TK2 3.59 0.91 4.26 0.62 4.17 0.41

TK3 3.82 0.50 3.91 0.71 4.00 0.00

TK TK4 3.87 0.69 4.06 0.55 3.50 1.05
TK5 3.55 0.80 3.71 0.76 3.33 0.82

TK6 3.52 0.90 4.09 0.62 3.17 0.98

TK7 3.65 0.83 3.88 0.69 3.83 0.41

PCK1 3.91 0.79 3.94 0.55 3.83 0.41

PCK2 4.00 0.74 3.94 0.55 3.67 0.52

PCK3 3.96 0.71 4.03 0.58 3.83 0.41

PCK PCK4 4.26 0.54 4.03 0.52 3.67 0.52
PCK5 4.17 0.39 4.15 0.50 3.67 0.52

PCK6 4.14 0.56 4.12 0.59 3.50 0.55

Total 4.02 0.64 4.03 0.56 3.69 0.51
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Variable

Domain

Public School

TPK1 3.74 0.75
TPK2 3.83 0.78
TPK TPK3 3.87 0.82
TPK4 3.96 0.64
TPK5 3.78 0.85
Total 3.91 0.72
TCK1 4.26 0.54
TCK2 3.87 0.76
TCK3 3.70 0.82
TCK
TCK4 3.78 0.74
TCK5 3.91 0.73
TCK6 3.91 0.79
Total 3.91 0.73
TPCK1 3.91 0.79
TPCK2 3.83 0.78
TPCK TPCK3 3.91 0.67
TPCK4 3.91 0.67
TPCK5 3.74 0.86
Total 3.87 0.76
TOTAL 3.96 0.69

Table 6 shows the mean (M) and standard
deviation (SD) for different variables
across various domains (PK, CK, TK, PCK,
TPK, TCK, TPCK) and different types of
schools (Public Schools, Private Schools,
and NGOs and TVET Institutes). Across all
domains, Private Schools (M=4.03) gener-
ally have higher mean scores compared
to Public Schools (M=4.03) and NGOs
(M=3.55). Generally, scores in Private
Schools have lower variability (SD=0.64)
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Private School

4.09 0.62 3.83 0.41
4.12 0.59 3.83 0.41
4.15 0.56 3.00 1.27
3.97 0.80 3.17 1.17
3.97 0.87 3.33 0.82
4.06 0.66 3.48 0.73
4.12 0.64 3.50 1.23
3.74 0.83 3.17 0.75
3.41 0.96 3.83 0.41
3.88 0.69 3.67 0.52
412 0.54 3.50 0.55
4.06 0.78 3.83 0.41
3.91 0.73 3.57 0.66
4.03 0.58 2.83 1.17
412 0.54 3.67 0.52
4.15 0.61 3.67 0.52
4.15 0.44 3.50 0.84
3.82 0.80 3.67 0.52
4.03 0.64 3.53 0.66
4.03 0.64 3.55 0.76

compared to Public Schools (SD=0.69) and
NGOs (SD=0.76). Public Schools and NGOs
show higher variability, suggesting a
dispersed level of confidence with teaching
with technology within these school types.
Teachers from Private Schools manifest a
consistent level of confidence with TPACK
employment, based on the scores. The

TK and TPK domains consistently exhibit
mean scores below 4.00.
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Implications

The implications arise from the literature
review and the results of the questionnaire
survey. The following implications are:

* Needs Assessment: The TTCs can conduct
a needs assessment to understand the
digital proficiency levels of pre-service
teachers and to possibly identify
other areas where training is required.
The finding of the study suggests a
gap in applying technology not just in
the classroom, but also considering
pedagogy and content. The TTCs could
adapt TPACK or 4Ei or other frameworks
to design needs assessment tools
when recruiting teacher trainees.

* Curriculum Integration: The TTCs should
integrate and emphasise the use of
digital pedagogy into the existing
curriculum, ensuring it aligns with the
national educational standards and
goals. The content should also be tailored
to focus on using digital pedagogy as
a pedagogical tool such as interactive
teaching methods, multimedia, digital
platforms, content formats, and online
assessment techniques.

* Mentoring and Peer-Learning: The TTCs
can foster collaborative learning among
pre-service teachers by fostering
a community, where pre-service and
experienced teachers can share
resources, experiences, and best prac-
tices. The findings of the study suggest
that teachers with 5 years or more of
experience in teaching perceived their
approaches to digital pedagogy very
effectively. Best practices should be
exchanged among teachers' educators,
experienced teachers, and pre-service
teachers to demonstrate effective
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digital teaching methods through model
lessons, showcasing how to engage
students using online resources

and interactive activities. A mentoring
program provided by the New Gen-
eration Pedagogical Research Center
under Kampuchea Action to Promote
Education Teacher (KAPE) mentoring
also provides opportunities for pre-
service teachers to undergo a 1-year
training program to enhance their
critical thinking, creative thinking, ICT,
and many areas to apply their skills

to their teaching practice.”? Through
this program, teachers are provided
with an opportunity to enhance their
skills through the mentoring program
through which they are matched with
another teacher to apply those skills
as well, under their guidance. This

will build teacher trainee’s confidence
in classroom management and their
pedagogical skills. Practicum materials
are widely appraised by many teach-
ers’ trainers and mentors in a similar
report.”

Making teaching an attractive profession:
The policymakers and relevant organ-
isations can take more measures to
make teaching an attractive profession
to attract more competent teacher
trainees hoping to nurture more talents
in the education sector. In order to
achieve that, the standard-setting bodies
can develop a professional development
roadmap to build teaching capacity and
promote the culture of lifelong learning.
This could include providing teachers
with access to high-quality professional
development opportunities and devel-
oping and disseminating resources

and guidelines. Establishing a teacher
professional platform and learning hub



for all teaching professionals to discuss
and share best learning/teaching
practices. The TTCs can conduct digital
literacy workshops to familiarise
pre-service teachers with basic digital
tools, software, and online resources
relevant to their subjects. Further studies
on pre-service teacher’s confidence and
motivation. The survey showed lower
scores of pre-service teachers’ confi-
dence in classroom management. The
research could inform the development
of targeted professional development
programs and support mechanisms

to help pre-service teachers develop their
expertise in classroom management.
In addition to teacher’s skill competence,
studies on teachers’ motivation and
career prospects are needed to
understand the factors that contribute
to the higher quality of teaching.

Limitations

This study was conducted as a self-report
study based on teachers’ voluntary
responses to the online survey. Therefore,
it contains three limitations: sampling bias,
sampling size, and diversity of respondents
that need to be taken into consideration
in future studies on this topic. Firstly,
there was a significant disparity number
between each group of respondents:
Current teacher trainees (2), teachers who
have undergone teacher education (48),
and teachers who have not undergone
teacher education (13). Secondly, with the
study using a self-assessment instrument,
teachers rate each scale based on individ-
ual teachers' perceptions which might be
an overestimation or underestimation of
the respondents’ competence. Lastly, the
data collected was limited in terms of the
number of responses and diversity
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of the respondents. Therefore, for validity
purposes, future studies should address
these limitations by using a larger and
more diverse sample of teachers, including
those from different age groups, experience
levels, teaching subjects, and back-
grounds. This study only represents the
opinion of a certain number of teachers.

Conclusion

This paper seeks to understand the
importance of digital pedagogy among
pre-service and in-service teachers

in Cambodia by assessing the teacher’s
perception using a theoretical basis -
TPACK - Technological, Pedagogical,
Content knowledge before providing
offering recommendations using data
provided by the survey. By grounding the
study in TPACK, the findings provide not
only valuable insights into how teachers
perceive and engage with digital pedagogy
but also to establish the foundation of the
TPACK framework in Cambodia's initial
teacher education. This study details the
significance of digital pedagogy as well

as underscores the collaborative efforts
required from stakeholders in leveraging
digital technology usage in Cambodia’s
educational landscape. It also suggests
training institutions, policymakers, and
standard-setting bodies to factor in
developing and deploying all necessary
technological infrastructures and capacity-
building activities to maximize the effec-
tiveness of digital pedagogy. Emphasising
the importance of digital literacy, hands-on
training, and the creative use of technology,
these recommendations aim to empower
future educators with the necessary

skills and confidence to navigate the digital
learning environment effectively.
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Future of STEM Education in Cambodia:
Leveraging Generative Artificial Intelligence
for Enhanced Learning and Innovation

{pF Sodanid PHUONG

Executive Summary

This paper explores the potential of
Generative Artificial Intelligence (Generative
Al) to revolutionize Science, Technology,
Engineering, and Mathematics (STEM)
education in Cambodia and create new
opportunities for enhanced learning and
innovation. As the advancements in digital
technology continue to shape the way

we live, learn, and work, it is essential
that education systems adapt to meet the
demand for digital skills and harvest the
fruits of new possibilities of teaching and
learning, especially in STEM fields. Gener-
ative Al can enhance the learning and
teaching experiences in STEM education
and contribute to the development and
innovation of the education field in Cam-
bodia. It can foster creativity and innovation
by generating new ideas, solutions, and
designs in an impressively short amount
of time. By leveraging generative Al,
students in Cambodia can have access to
more efficient and personalized learning
experiences that promote critical thinking
and problem-solving skills. Moreover,

the integration of generative Al in STEM
education can encourage students’
interest and consequently inspire them to
pursue careers in science, technology,
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engineering, and mathematics. This
research paper also acknowledges the
concerns and limitations surrounding the
implementation of generative Al in STEM
education in Cambodia. While concerns
about generative Al in education are
visible, such as potential overreliance on
technology or ethical considerations, it is
essential to view generative Al as a trans-
formative resource that can be utilized for
the benefit of education.

1. Introduction

Over the last few decades, the world has
witnessed an exponential growth of digital
technology, leading to transformative
changes in both industries and societies.
From big data to artificial intelligence,
these digital and technological advance-
ments have become a significant aspect
of the way we live, learn, and work. While
navigating the challenges and opportuni-
ties presented by this digital revolution,
there has been a growing recognition of
the importance of STEM education.
Undoubtedly, STEM education plays a
critical role in promoting long-term and
sustainable growth, increasingly getting
prioritized in the national development
agendas of many countries worldwide,
and Cambodia is no exception.



As Cambodia undergoes a shift in its
economic development trends during the
regional and global industrial revolution
4.0, there is an increasing emphasis on the
need for graduates in STEM fields to

meet the demands of a rapidly evolving job
market. However, despite this recognition,
Cambodia faces significant challenges in
enhancing the enrollment and participation
of students in STEM majors at the higher
education level." These challenges hinder
the country’s ability to produce a skilled
workforce that can drive innovation,
economic growth, and stay competitive.
According to the National Policy on STEM
Education developed by the Ministry of
Education, Youth and Sports (MoEYS), it is
crucial for the country's inhabitants to
explore and develop 21st-century skills in
STEM fields to drive the Cambodian
economy forward.? To address these chal-
lenges and survive in the ever-changing
global economy, Cambodia needs to
strategically leverage emerging technologies.

This paper aims to promote the under-
standing of one promising technology

Potential of Al in Cambodia’s Education

that holds the potential to revolutionize
STEM education in Cambodia which is
Generative Al, followed by several key
objectives, namely assessing the current
state of STEM education in Cambodia;
examining the potential benefits coupled
with best practices and case uses of
Generative Al in STEM education; identify-
ing the opportunities and challenges
associated with implementing Generative
Al in Cambodian schools; and finally
providing recommendations on the effective
integration of Generative Al in Cambodian
STEM education.

2. STEM education in Cambodia

Historically, the influence of the French
educational system in Cambodia has
resulted in a lack of emphasis on STEM
education. Cambodia’s educational
system has focused more on administrative
skills and other non-STEM subjects. As a
result, there is a shortage of students
pursuing science and engineering-related
fields at the higher education level. Accor-
ding to the report of education congress
published by the Ministry of Education,
Youth and Sports (MoEYS) in 2022,
interestingly, 69% of students pursuing a
Bachelor's Degree in Cambodia majored
in social studies which include business,
law, foreign languages, and tourism
among others. In comparison, only 31%
majored in STEM.2 This highlights an issue
of imbalance in the tertiary education
sector among social science and STEM
fields. It is evident that the current

state of STEM education in Cambodia is
insufficient to meet the demands of

a rapidly evolving global economy and
technological landscape.
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Figure 1: Number of students pursuing Bachelor’'s Degree
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Source: Author’s compilation of data from MoEYS” annual reports of education congress*

Note: Data of the total number of STEM students pursuing Bachelor’s Degree for the school year

2018-2019 is not available.

The current state of STEM education

in Cambodia exhibits a combination of
progress and challenges. While there have
been commendable efforts to enhance the
overall quality of education, particularly
within the realm of STEM disciplines,
disparities persist. In Cambodia, there
have been significant endeavors aimed at
promoting inclusive access to education
and improving educational infrastructure
nationwide. However, despite these efforts,
discrepancies remain when it comes to
accessing high-quality STEM education.
Rural and remote regions face particular
challenges such as limited resources and
inadequate availability of specialized facili-
ties dedicated specifically to STEM studies.

In addition, many Cambodian youth do
not value STEM subjects, believing they are
too difficult to study or not relevant. A

Digital Insights
Future of Education

study conducted by Sovansophal and
Shimizu® sought to examine the factors
that impact students’ decision to pursue
science and engineering majors in higher
education in Cambodia, and to extract
insights into both internal and external
influences on students’ choice of major.
The findings revealed that individual
academic performance in science-related
subjects as well as personal preferences
play a significant role in determining

their preference for these fields, either
positively or negatively. Moreover, family
background factors such as parents’
occupations and educators' influence were
found to have a substantial impact on
students’ preferences. On the other hand,
gender disparities and financial constraints
emerged as barriers preventing students
from selecting science and engineering
majors. Additionally, Eng and Szmodis®



contributed valuable insights to this matter
by focusing specifically on gender dis-
crepancies within STEM achievement levels.
The discovery is rather unexpected. Their
study reveals that there exists a minimal
distinction between the academic perfor-
mance of males and females in STEM
subjects at the secondary school level, which
goes against prevailing research’ suggesting
that males generally outperform their
female counterparts and exhibit greater
interest and participation rates in STEM-
related areas.

Another prominent issue is the shortage
of qualified instructors in STEM disciplines
and a lack of quality STEM curricula.? This
poses a significant challenge to providing
students with comprehensive and well-
rounded education in STEM. In addition to
this, another challenge lies within the
implementation of practical materials. The
availability and effective utilization of hands-
on resources are essential for fostering
experiential learning among students.
However, there have been obstacles
encountered when it comes to effectively
incorporating such materials into classroom
settings. Moreover, it is worth noting that
the concept of STEM itself is relatively new
to Cambodia compared to other countries.
Consequently, there exists a general lack
of understanding about the importance
and relevance of STEM education
amongst various stakeholders including
educators, parents, as well as learners
themselves.®

Despite these challenges, certain steps

toward improvement have been visible. For
instance, the ,Rectangular Strategy Phase
V1%, a national strategic development plan,
was formulated by the Royal Government
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of Cambodia, with building and devel-
oping human resources, which include
fostering STEM education, as one of the
central goals. Additionally, the Cambodian
government established its first STEM
education model in 2014, the New Gen-
eration Schools (NGS). These schools aim
to improve the quality of public schools,
particularly in STEM education, and have
been set up in ten locations across five
provinces/cities throughout the kingdom."
New pedagogical approaches are becoming
more common in STEM schools, encour-
aging students’ active participation and
fostering critical and creative thinking skills.
The government is also pushing for more
transparent governance within schools and
an improvement of teacher capabilities.'

In 2010, MOEYS introduced the tracking/
streaming policy with the intention of
guiding students into STEM fields. By grade
11, students are required to choose either
a science track or social track, with science
and mathematics becoming elective
courses for the former.”> On top of that,
MOEYS launched the Education Strategic
Plan (ESP) 2014-2018"* which identified
STEM education as a major priority. The
objective is to close the gap with more
developed neighbors, highlighting the
country’'s current lag in these fields,

while the main focus is to expand access
to higher education to meet Cambodia’s
economic, social, and market needs in
areas of intellectual development and
human resource provision. Key efforts to
achieve these objectives include ensuring
access to science labs for all schools,
implementing computer training,
preparation for future participation in
international assessments like TIMSS
(Trends in International Mathematics and
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Science Study) and PISA (Programme for
International Student Assessment) as well
as the development of higher education
programs with a strategic focus on STEM
fields."

To foster STEM interest, STEM Education
Organization for Cambodia (STEMEOC),

a locally registered NGO in Phnom Penh,
hosted its 17" Annual STEM Festival in
February 2023, drawing more than 13,000
attendees, including 48 visiting schools
and 4,000 public school students.' This
high turnout indicates changing attitudes
of stakeholders towards STEM education.
Another extracurricular activity that

aims to foster young students’ curiosity in
STEM subjects, the STEM Bus Cambodia®,
was also initiated. The STEM Bus Cambodia
brings science experiments to students
and raises public awareness of STEM.
Furthermore, the British Embassy in
Phnom Penh initiated several programs
to mitigate challenges faced in STEM
education, including STEM activity days,
road illustrations in provinces, teacher
training sessions, and the publication of
the STEM Career Guide Book (SCGB), a
booklet listing the top 20 STEM careers.®
The Cambodian government has also made
plans to increase the number of sectors
that require skilled labor. This means that
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young learners and professionals are
being encouraged to make career choices
that will help secure their future."

In 2019, Cambodia put out the National
Policy on Science, Technology & Innovation
(STI) 2020-2030%, and a year later, in
March 2020, the Ministry of Industry,
Science, Technology & Innovation (MISTI)
was established along with the National
Council of Science, Technology & Innovation
(NCSTI). Shortly after, the Cambodia’s

STI Roadmap 2030?" was developed under
the purpose of guiding government
ministries and relevant stakeholders on
actions to take in the short and medium
terms until 2030 and as well as for the
implementation of the National STI Policy.
The roadmap highlights five main pillars
(see figure 2) for the effective implemen-
tation of the National STI Policy, namely
governance, human capital, research and
development (R&D), collaboration, and
ecosystem. The second pillar, human
capital, is intended to produce human
resources of both quality and quantity in
STEM for prioritized sectors for socio-eco-
nomic development in Cambodia. This
particular pillar sets the ambitious goal
that by 2030, 50% of university students
should be enrolled in STEM subjects, of
which 40% shall be women.??
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Figure 2: Five Pillars of the Cambodia’s STI Roadmap 2030
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4. Generative Artificial
Intelligence (Generative Al)

The field of Generative Al has reaped
considerable attention and recognition in
recent times. This branch of artificial
intelligence focuses on training models
using specific datasets, subsequently
utilizing these trained models to generate
completely novel data.?* In contrast

to traditional tasks like classification and
regression, generative Al showcases the
ability to autonomously generate novel
data across different modalities including
images, music, and text. The central
element of generative Al is the generative
model that captures the underlying distri-
bution of data and generates new instances
that closely resemble the original data.?
Generative Al operates by training models
utilizing extensive datasets to uncover
patterns, structures, and attributes. As a
result of this training process, these models
are capable of generating novel content

2021, MIST is the Lead Coordinator for the 5T1
poliches and sets the directionof 5TI policy and
Research Agenda together with NCSTI
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that closely resembles the input data. The
advent of Generative Al has introduced
numerous opportunities and applications
across various domains such as education,
communication, creativity, and problem-
solving. The potential uses for generative
Al span an array of fields including image
generation, natural language processing,
and music composition.?® Generative

Al has gained significant popularity with
the emergence of online platforms that
enable users to produce content in various
artistic styles. For instance, individuals can
now generate their own portraits resem-
bling the iconic style of Van Gogh or create
videos featuring a person’s appearance
while speaking provided words. The
advancement and widespread utilization of
Generative Al have led to its establishment
as a popular research domain within the
broader field of artificial intelligence. This
is primarily due to its extensive array of
practical implementations and potential
applications across various sectors.?”
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Table 5: Top Generative Al Tools

Top Generative Al Tools
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Produces, modifies, or alters visuals and grants the
exclusive permissions to use the produced material for
commercial purposes.

Generates digital artwork from text descriptions.

Allows users to create artwork with various choices in
terms of style, aspect ratio, and more. Additionally, it
provides complete ownership of the produced content.

Converts text into images, but is not designed for creating
larger-sized images.

Generates art with various styles and options for
resolution.

Allows for converting text into videos, provides over 70
avatars, and offers its services in more than 65 different
languages.

Generates video based on articles or scripts and creates
video highlight reels.

Generate videos using basic texts.

Creating videos, modifying them by including captions,
eliminating unwanted background sounds, and adjusting
the size of the visuals

Enables the development of a customized algorithm to
generate authentic color schemes

Creates visual layouts for mobile apps, websites, or
landing pages using initial drawings as a starting point.

Enables the generation of color schemes by extracting
colors from various sources such as movie scenes,
artwork, or other images whenever necessary.

Enables the creation of mobile-friendly websites that are
optimized for search engine optimization requirements.



Top Generative Al Tools

Allows for converting text into spoken words and provides
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Source: Author’s compilation
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artificially generated voices.

Enables the conversion of text into speech while providing

the ability to customize the speed of reading and delivering
natural-sounding voices generated by Al.

Provides voiceover services for various contexts, allows

the inclusion of punctuation, and grants commercial usage

rights to the content.

Offers Al-generated voices that are valuable for a wide

range of commercial applications, providing services in over
140 languages and facilitating the conversion of text to speech.

Allows for the conversion of text to speech, resulting in
the creation of Al-generated voiceover that is not only
convincing but also evokes genuine emotions.

Produces original music according to your chosen genre
and grants you full ownership of the created content.

Creates copyright-free music according to the desired
musical style, duration, instruments, and grants an
everlasting license.

Generates genuine music by utilizing Al-generated lyrics
and offers users a variety of genres to choose from.

Generates texts and code based on short input prompts.
Specializes in creating SEO content.

Allows users to create various types of content, such as
blog posts, social media updates, and emails. It offers a
wide range of language options for content creation and
can be used by multiple users simultaneously.

Offers users the ability to autocomplete code, identify and
highlight errors, and facilitate automated refactoring.

Offers users the ability to autocomplete multi-line code
and supports over 16 languages.
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5. Generative Al in STEM
education

Bridging Al and education, there is an
emerging interdisciplinary field known as
Artificial Intelligence in Education (AIEd) that
harnesses the potential of Al technologies
to enhance and transform the design,
process, and assessment of teaching and

(AI-STEM), focusing on the design and
implementation of Al to support STEM
education.?® Further down this sub-branch,
Generative Al has received increased
interests year after year for its significant
applications in enhancing STEM education.
As evidence, figure 3 illustrates an increa-
sing trend of numbers of papers in Google
Scholar with key words “Generative Al”

learning.2® Within that field exists a sub-
branch called, Al in STEM education

and “STEM".

Figure 3: Papers in Google Scholar with key words “Generative Al” and “STEM”
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5.1. Potential and case uses

Personalized learning experience

The utilization of generative Al presents an opportunity to enrich the field of STEM educa-
tion by offering personalized and adaptive learning experiences to students. Through its
revolutionizing capacity to adapt to individual student's learning preferences and pace,
generative Al has the potential to address challenges in STEM education within Cambodia,
specifically brought by the high student-to-teacher ratio, including limited hands-on
learning opportunity and individualized attention, difficulty in addressing diverse learning
needs, and limited feedback and assessment opportunity among others. By analyzing
students’ data such as their learning styles, strengths, and weaknesses in different subjects,
generative Al can generate customized learning content and explanation that align with
each student’s unique needs. This way, each student has their own virtual teacher that is
always there, providing guidance and support to ensure their academic success. On top
of personalized learning materials, generative Al can also help adjust content of teachers’
assessment tools based on each student's unique capacity. This ensures that our education
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system will no longer judge a fish by its
ability to climb a tree and therefore every-
one will be empowered to believe that

we all are a genius. An illustration of this
potential of generative Al is CanopyLAB3,
a Danish educational technology (EdTech)
company that provides a platform for
online learning and education. CanopyLAB
specializes in offering digital solutions for
educational institutions, organizations, and
businesses to create and deliver online
courses, training programs, and educational
content. CanopyLAB's Al engine, AICATO,
demonstrates the transformative potential
of generative Al in STEM education:

It streamlines content creation through
automated content generation using
Natural Language Processing (NLP), redu-
cing the time and effort required for
educators to develop course materials.
AICATO also offers personalized learning
by analyzing individual learners’ historical
data, preferences, and areas of struggle,
suggesting supplementary resources or
activities tailored to each learner’s unique
needs. Another innovative use case is Khan
Academy's latest addition, Khanmigo3'.
Khanmigo is a platform that leverages the
capabilities of Generative Al to offer
customized and individualized learning
experiences. The platform provides
personalized guidance and mentorship
utilizing Al-powered historical figures as
well as literary characters. For instance,
students who struggle with complex
physics concepts can seek support from an
Al-powered simulation of Isaac Newton.
This does not just enable students to
learn in a more effective and innovative
way, but also entertains and encourages
their interest in learning, especially in
complex subjects like STEM. Moreover, it
equips students with critical thinking abilities

Potential of Al in Cambodia’s Education

and analytical skills through engaging in
debates and collaborative exercises.
Teachers also benefit from this platform
as it offers tools for developing lesson
plans and generating progress reports on
student performance.??

Interactively immersive educational
experience

Another potential of generative Al in
STEM education is its ability to provide an
interactively immersive educational
experience to learners. This represents a
quantum leap from traditional classroom
methods and opens up new horizons for
students. Through this technology,
students are no longer passive recipients
of information but active participants in
their learning journeys. The integration of
generative Al introduces a dynamic and
interactive dimension to education, one
that transcends the limitations of physical
classrooms. By means of virtual simulations
and experiments facilitated by generative
Al systems, learners are able to explore
complex scientific concepts more effectively
and practically. These simulations replicate
real-world scenarios and scientific
experiments with remarkable precision.
They enable learners to delve into intricate
scientific concepts, theories, and phenom-
ena in a risk-free and controlled virtual
environment. This immersive experience
fosters a deeper understanding of complex
subjects by allowing students to witness
firsthand the cause-and-effect relationships
that underpin scientific principles. This
potential of generative Al promotes
engagement, curiosity, and creativity among
students, ultimately preparing them to
tackle real-world STEM challenges with
confidence. Furthermore, it aligns with
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the evolving demands of the job market,
where problem-solving, adaptability,

and technological proficiency are highly
valued. A use case of this revolutionary
feature of generative Al can be illustrated
by the work of PraxiLabs.* PraxiLabs is an
educational platform that offers students
access to 3D interactive and immersive
online science laboratories. Its primary
objective is to enhance students’ practical
skills while also enabling them to do
experiments that are typically hindered
by financial, time, or safety constraints. To
achieve this, PraxiLabs provides four main
features to its users including immersive
3D interaction, instantly unlimited access,
practice-centric simulations, and all-time
virtual labs partner (named Oxi). Noteworthy
results of this transformative platform are
visible in experimental research conducted
by Alsaif et al.3* using PraxiLabs virtual labs
in 2020, producing the following findings
and recommendations. Virtual labs have
a positive impact on student learning
outcomes, including enhancing laboratory
skills, achievement, and creativity, offering
better learning opportunities, and reducing
cognitive load. While virtual labs cannot
replace traditional laboratories, they
address challenges, optimize learning, and
are vital in medical education and science
literacy, requiring teachers’ exposure to
promote active learning and skill develop-
ment in students.

Innovative curriculum and pedagogical
approach

Generative Al has the potential to introduce
an innovative curriculum and pedagogical
approach within the realm of STEM
education. The personalization feature

of generative Al as discussed previously
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fosters more effective learning by dynam-
ically adjusting the curriculum to ensure
that students can progress at their own
pace and focus on areas where they need
the most support. In addition, generative
Al's ability to generate adaptive learning
content and interactive simulations,
provides educators with a versatile toolkit
that can be utilized to suit the specific
objectives of STEM courses, making it easier

to align curriculum with the ever-changing
industry needs and emerging scientific
discoveries. Furthermore, generative Al
can analyze vast amounts of data related
to student performance and learning
patterns. This data-driven approach can
help educators make informed decisions
about curriculum adjustments and
pedagogical strategies. For example, if the
Al identifies a common stumbling block
for students, it can suggest modifications
to the curriculum to address this challenge



proactively. On top of that, an innovative
curriculum should be adaptable and
responsive to changes in the STEM field and
industries. Generative Al can continuously
update and refine the curriculum based
on the latest advancements and best
practices, ensuring that students receive
the most up-to-date and relevant education,
necessary for their future success in the
real world. An example of this is how

Processica® leveraged the power of Gen-
erative Pre-trained Transformer (GPT) and
database technology to effectively drove
curriculum innovation for the education
sector in USA. The GPT model, well-known
for its capacity to comprehend context
and produce cohesive content, served as
the primary catalyst for their Al-powered
solution. The generation of comprehensive
and customized curriculums was facilitated
by the utilization of vast quantities of
multi-dimensional data processed by the
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third-party vector database. The GPT
approach considered the distinct educa-
tional requirements of every student
within the district, converting intricate
data into significant and tailored content.

Enhanced creativity and innovation

Generative Al has the potential to signifi-
cantly enhance creativity and innovation
in STEM education through its ability to
produce diverse learning materials, create
a real-world-problem-based learning
environment, and instant feedback and
iteration. Generative Al can produce a
wide range of learning materials, including
text, images, videos, and interactive
simulations. This diversity of content
provides students with various ways to
explore STEM concepts, encouraging
creativity in their approach to learning and
inspiring innovative thinking. Furthermore,
generative Al can create authentic, real-
world problem scenarios for students to
solve. These problems require creative
thinking and problem-solving skills,
mirroring the challenges they may face in
their future STEM professions. By working
on these scenarios, students develop
their innovative capabilities while gaining
practical knowledge. Last but not least,
generative Al can provide immediate
feedback on assignments and projects,
allowing students to iterate and improve
their work. This iterative process is a
fundamental aspect of innovation. By en-
couraging students to refine their solutions
and ideas, generative Al supports the
development of creative problem solvers.
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Collaboration and inclusivity

Incorporating generative Al into STEM
education creates an environment that
values collaboration and inclusivity.
Generative Al can analyze students’ profiles,
including their strengths, weaknesses, and
interests, to form collaborative groups.
These groups can comprise students with
varying skill levels and backgrounds,
promoting inclusivity and ensuring that
every team member can contribute
meaningfully. On top of that, generative
Al can generate learning materials with
alternative formats for students with
disabilities. This ensures that all students,
regardless of their abilities, have equal
access to educational content, fostering a
more inclusive learning environment.

5.2 Challenges

While the potential of generative Al in
transforming STEM education in Cambodia
is undeniable, challenges in its integration
still persist.

Technological infrastructure

One of the primary challenges is the
readiness of Cambodia, especially her educa-
tional institutions, to embrace and adopt
advanced technologies. Many households
and schools, particularly those in rural
areas, lack the necessary technological
infrastructure, including reliable internet
access and up-to-date hardware, to effec-
tively make the best use of generative Al
application. According to the International
Telecommunication Union, in Cambodia,
in 2017, there were only 30% of households
with internet access at home (rural), and
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only 8% of households with a computer at
home in 2019.2¢ Narrowing this digital gap
is essential to ensure beneficiaries’ equal
access to the potentials of Generative Al.

Digital literacy

An essential ingredient for effectively
utilizing Generative Al is digital literacy
among both educators and students.
Ensuring that teachers and students are
adequately trained to navigate and leverage
this technology is a significant challenge.
Only 30% of Cambodians possess a basic
understanding of digital literacy and are
able to use digital platforms and the
internet to search for and share information,
according to Minister of Post and Tele-
communication Chea Vandeth, who was
speaking at the launch of the Development
of the National Media and Information
and Digital Literacy (MILD) program.”

Financial accessibility

Effectively harnessing Generative Al
requires substantial resources, including
access to powerful computing systems and
specialized software, that are financially
out of reach for many Cambodian schools
and educational institutions, especially
public ones, raising concerns about feasi-
bility and equity in technology-related
education. In this regard, insufficient
domestic revenue had been reported in
countries like Cambodia, Laos, and
Myanmar to fund education, leading to

a reliance on foreign investment.®® This
highlights the financial limitations faced by
these countries in providing adequate
funding for general education, let alone
sophisticated-technology-enabled
education.



Data privacy and security

Generative Al relies heavily on data, which
raises questions about data privacy

and security. According to Cybersecurity
Ventures, worldwide cybercrime expendi-
tures would increase by 15%, from USD 3
trillion in 2015 to USD 10.5 trillion annually
by 2025.% This indicates alarming concerns
about cybersecurity and data protection,
and therefore safeguarding students’
personal information and ensuring
compliance with data protection regulations
are of utmost importance in this vast
digital world.

Coupled with these challenges, there

are also many others that hinder this
endeavor of harnessing generative Al's
potential, including difficulty in curriculum
integration, need of faculty training,
system localization, overcoming resistance
to change from relevant stakeholders,
innovative assessment and accountability,
and ethical considerations around gener-
ative Al usage. Addressing these challenges
will require a concerted effort from various
stakeholders, including government bodies,
educational institutions, private sector,
and the broader Cambodian society. An
inclusive and forward-thinking approach,
guided by a clear vision for the role of
Generative Al in Cambodian STEM educa-
tion, will be crucial to navigate these
obstacles successfully. By proactively
addressing these challenges, Cambodia
can unlock the full potential of Generative
Al to enhance STEM education, empower
students, and prepare them for the
demands of the 21st-century workforce.
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6. Conclusion and
recommendations

Generative Al holds great promise for
revolutionizing STEM education in Cambo-
dia. Its potential to provide personalized,
interactive, and innovative learning
experiences can address the challenges in
Cambodia’s current education system and
equip Cambodian students with the re-
quired 21%t-century skills needed to ensure
a bright digital future. However, the effective
implementation and integration of Gene-
rative Al into Cambodia’s education sector
requires a joint effort to address the
aforementioned challenges, including
technological infrastructure limitations, the
need for digital literacy, financial accessi-
bility, data privacy concerns, curriculum
integration issues, resistance to change,
innovative assessment methods, and
ethical considerations. And all these call
for a thorough attention and strategic
planning.

Based on the analysis of potential

and challenges provided above, several
recommendations can be made as
follows:

Government Bodies

« Put out government initiatives and
implement public-private partnerships
to expand reliable internet access
throughout Cambodia, especially in
rural areas.

+ Seek funding opportunities (foreign aid,
investments...) for schools to acquire
modern hardware and software.

+ Prioritize the increase of domestic
revenue allocation for education,
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especially budget for technology-enabled
education.

+ Strengthen collaboration with
development partners and private tech
companies to provide schools with
affordable access to Generative Al tools
and infrastructure.

+ Produce data protection legal frame-
works or regulations specific to Al and
the education sector.

+ Equip schools with qualified ICT
personnel and train them on cyberse-
curity and data protection, with support
from certified training agencies or
internationally recognized experts in
relevant fields.

+ Establish national ethics committees to
oversee and ensure the ethical use of
Al in education.

* Include ‘Generative Al in Education’ in
the National Research Agenda'’s list of
prioritized research areas.

Educational Institutions, Educators and
Learners

+ Develop training programs for educators
to effectively use Generative Al in their
teaching with support from certified
training agencies or internationally
recognized experts in relevant fields.
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Organize workshops and seminars,
develop campaign, and/or partner with
development partners to implement
projects to enhance educators and
students’ digital literacy.

Strengthen collaboration between
government bodies, educators, and Al
developers to ensure effective localiza-
tion of Generative Al and its alignment
with Cambodia’s educational goals.

Initiate pilot programs to test Generative
Al's integration with monitoring and
evaluation mechanisms in place

for accountability and improvements.

Establish school-based ethics commit-
tees to oversee and ensure the ethical
use of Generative Al in education.

Private Sector

Foster collaboration with schools to
provide updated hardware and software.

Seek international investors to supply
affordable Generative Al tools and
infrastructure.

Provide internship or apprenticeship
opportunities to students in the area of
digital competency development.

Help share best practices of cybersecu-
rity and data protection with school's
ICT personnel.

Devise strategies to attract Al developers
into the kingdom.
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Potential of Al in Cambodia’s Education

Revolution and Readiness through Al-Driven
Learning in Cambodia’s Higher Education

@ Soklay HENG and Dr. Sopheap SENG

1. Introduction

Cambodia’s education system has
experienced a significant transformation
over decades. Education in Cambodia has
evolved from traditional methods, where
knowledge inscribed on palm leaves was
directly imparted to students in pagodas,
to the establishment of formal schools,
ranging from kindergarten to university.
Despite this transformation, teachers
remain crucial in imparting knowledge to
students within classroom settings. Today,
with the advent of technology, numerous
resources are available online for students
to engage in self-paced learning, comple-
menting traditional learning methods.
Additionally, the COVID-19 pandemic high-
lighted the vital role of technology in

education, and teachers across the country

quickly adopted online classrooms to ensure
continuous learning for students during
this challenging time. Despite the end of

the pandemic, many educational institutions

have adopted a blended learning approach
by combining traditional face-to-face class-
room teaching with online instruction,
providing students with a more flexible
learning experience.

In today's rapidly digitalizing world, digital
literacy is essential for emerging economies
striving to align with global standards. For
a nation like Cambodia, integrating digital
literacy at the core of its higher education
framework becomes pivotal to ensure
that students acquire the required skills for
Industry 4.0. This encompasses not just
the ability to use digital tools, but also the
understanding and leveraging of them for
innovation, problem-solving, and knowledge
creation. In addition, rapid advancements
in artificial intelligence, known as Al, have
led to the creation of powerful Al tools
that have been proven to assist in various
aspects of learning, from personalized
tutoring to real-time feedback. With the
emergence of Al-driven tools, Cambodia’s
higher education system has the oppor-
tunity to revolutionize teaching methods
and equip students with the knowledge and
skills necessary to excel in an increasingly
technology-driven future. Integrating Al-
driven tools in Cambodia’s higher
education could bridge the gap between
traditional teaching methods and the
dynamic demands of a digital future; how-
ever, powerful Al tools such as ChatGPT
have yet to be publicly available in
Cambodia. Furthermore, Cambodians
need more awareness about accessing
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and utilizing these tools. The lack of aware-
ness is restricting them from experiencing
these innovative technologies and valuable
learning resources.

This research paper investigates the potential,
challenges, and readiness for integrating
cutting-edge Al tools into Cambodia’s higher
education system. This paper is divided
into four sections. The first section intro-
duces artificial intelligence. The second
section shows state-of-the-art generative
Al tools for education. The third section
discusses the potential and challenges of
integrating Al tools in Cambodia’s higher
education. Conclusion and some recom-
mendations are included in the last
section of the paper.

2. What is Artificial Intelligence?

There are different definitions to describe
artificial intelligence. John McCarthy, a
pioneer in this field, coined the term “Artificial
Intelligence” in 1956 at the Dartmouth
conference, marking the inception of Al as
a formal discipline. He defined it as “the
science and engineering of making intelli-
gent machines.”2 Elaine Rich stated

that artificial intelligence is the study of
how to make computers perform tasks at
which, at the moment, people are better.?
Artificial intelligence can also be described
as a field of study to design systems that
machines simulate or mimic human
cognitive capabilities, which encompasses
tasks such as image or object recognition,
understanding and generating natural
language, learning from past experience,
adapting to a new environment, problem-
solving, and decision-making. Artificial
intelligence is achieved by teaching machines
like humans, which involve recognizing

Digital Insights
Future of Education

patterns and acquiring knowledge from
data. The machines’ ability to perform
tasks that typically require human cognitive
skills is realized by following sets of
instructions known as “algorithms”. The
algorithms include rule-based instructions
which explicitly define a set of rules to guide
the system’s decision-making, machine
learning that learns statistical relationships
within data without the need for explicit
programming, and deep learning which

is a subset of machine learning and is
inspired by the structure of the human
brain. Deep learning uses “artificial neural
network” comprising interconnected
layers, such as input, hidden, and output
layers to automatically extract complex
features from data, making it more suitable
for handling complex tasks like image and
speech recognition.

Artificial intelligence, based on capability,
can be divided into three main categories.t
The first category, known as “Artificial
Narrow Intelligence or ANI”, simulates human
intelligent behavior and is designed for
specific tasks, lacking the broad cognitive
abilities found in humans.> Many of the
current state-of-the-art Al applications fall
under this category, which can perform
efficiently in a specific task, yet without
the ability to generalize beyond their
designated tasks. For example, a speech
recognition system designed to transcribe
spoken language into text cannot recognize
objects or faces handled by object or

face recognition systems. Similarly, while
a machine translation system has the
capability to translate languages, it cannot
synthesize speech which can be accom-
plished by a text-to-speech system. The
next level, “Artificial General Intelligence or
AGI", aspires to replicate the general



intelligence of humans, allowing machines
to perform any intellectual task that a
human being can. AGI would genuinely
understand, learn, and apply knowledge in
different domains on its own.® At the
current stage, AGI remains a theoretical
concept and aspirational goal to achieve
despite ongoing significant research and
discussions. The ultimate phase of Al
evolution is “Artificial Superintelligence

or ASI” which has self-awareness and
consciousness and can surpass human
capabilities.” The pursuit of ASI, which
remains hypothetical and goes beyond even
the not-yet-realized capabilities of AGI,
introduces a dilemma to achieve it, given
many controversial ethical concerns.

3. Introduction to Generative
Artificial Intelligence

While generative artificial intelligence
(Generative Al) has seen significant advan-
cements in recent years and can produce
impressive results, it still falls under the
category of artificial narrow intelligence as
it is still limited by the data it was trained
on and lacks the general intelligence and
adaptability of human intelligence. Generative
Al is a subset of artificial intelligence that
is designed to produce new content, ranging
from text to image generation, based on
trained data.? It can accept input in various
formats, including text, image, audio, video,
and code, and is capable of generating
new content in any of these forms.? It
generates different contents based on
generative Al models, each with its own
method. Generative Al models, a type of
machine learning model, use neural
networks to learn complex patterns in data
without being explicitly programmed.
Once trained, these models can generate
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new content that is similar, but not identical,
to the original data. DALL-E, for example,
is a text-to-image generative Al model that
can generate images given text description
as an input.”® Another example is MusicLM
which is capable of generating high-quality
music from text.” In the field of
generative Al for text content creation,
Large Language Models (LLMs) are adept
at producing coherent and contextually
relevant text based on user prompts.
Each of these shows the extensive benefits
of generative Al, which contributes to
content generation in various disciplines
such as education, art, entertainment, and
more. Although its potential is extensive,
the integration of generative Al into various
sectors requires careful consideration
and robust safeguards. As our paper mainly
focuses on Al tools integration in higher
education, benefits and risks of textual
content generated by Al models will be
further illustrated in more detail.

3.1. Potential Generative Artificial
Intelligence tools for higher
education

With the evolution of large language
models (LLMs) trained on a huge amount
of textual data from articles, books, and
websites, generative Al has made remark-
able progress in producing human-like text.
Before delving into what a large language
model is, it is essential to first compre-
hend the concept of a language model. A
language model (LM) is a type of artificial
intelligence model designed to predict
the next word in a sequence based on the
words that have occurred in a sentence.
Language models can be categorized

into two types, statistical language model
and neural language model.'?'* Neural
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language model exploits deep neural
networks, thanks to significant advance-
ments in computing power and the
availability of vast amounts of training data.
This model can predict the next word or
phrase based on the current input and
generate coherent text sequence, yielding
better performance compared to the
statistical language model. Language models
are used in various applications, including
machine translation, speech recognition,
text summarization, chatbot, spellchecking,
etc. As an example of how a language
model predicts, consider the phrase “l am
going to the". The model might suggest
several word options such as “eat”, “store”,
or “I". However, given the context, “store”
is the most appropriate continuation,

so the model is likely to select “store” as
the next probable word.

A large language model comes with a large
size due to the vast amount of trained
data.' LLMs have been used for a wide
range of applications, including information
retrieval, content creation, text classi-
fication, machine translation, question
answering, document summarization,
sentimental analysis, code generation, and
text generation. The foundation of LLMs
primarily lies in transformer model
architecture which was introduced by
Vaswani et al. in 2017." The self-attention
mechanism empowers this model to
decide which words in a sentence are most
relevant to another word. This mechanism
helps the model to understand the relation-
ships between words in a long sequence.
Itis similar to humans understanding

the connection between words in a long
sentence according to the context.
Generative Pre-trained Transformer (GPT)
models, developed by OpenAl, made
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extensive use of the transformer archi-
tecture in their models. For example, the
GPT-2 large model was built in 2019 using
around 40 Gigabytes of text data with 1.5
billion parameters.'® In the following year,
the GPT-3 model, which was developed
by extending the size of text data up to
570 Gigabytes and the size of model archi-
tecture up to 175 billion parameters, has
further improved the model performance
to generate human-like text."”” OpenAl's
most advanced GPT series, known as
GPT-4, was released in 2023 and is a large
multimodal which can accept image and
text as inputs.'

The model was evaluated with a range of
tests created for human assessment, and
the results indicate that GPT-4 performs
exceptionally well and often surpasses the
majority of human test takers and other
models in many cases. While it offers
capabilities on par with humans across
various applications, such as question-
answering, virtual assistants, language
translation, text summarization, etc., it
still has limitations and produces errors.
Besides OpenAl's LLMs, there are other
LLMs, for example “BigScience Large
Open-science Open-access Multilingual
Language Model or BLOOM" which was
released by Hugging Face in 2022."° The
model was developed by over a thousand
Al specialists and is capable of producing
text in 46 languages and 13 coding lan-
guages. Google released “Language Model
for Dialogue Applications or LamDA”", a
transformer-based LLM with 137 billion
parameters, in 2022.2° The model is
developed to provide more natural and
dynamic conversations on an extensive
range of subjects. Google later introduced
another transformer-based LLM, known



as "Pre-training with Abstracted Language
Modeling or PaLM", to support multilingual
content generation and coding. There are
two versions of PaLM series - PaLM-1%",
which has 540 billion parameters and
PaLM-222, which provides improvement of
multilingual, reasoning and coding capa-
bilities. Many state-of-the-art Al tools have
been developed as interactive chatbots by
leveraging Large Language Models (LLMs)
as mentioned above. These chatbots offer
users the ability to engage in conversations
and perform a variety of tasks across
multiple domains. We will highlight three
popular Al tools that primarily utilize LLMs
to generate human-like textual content,
which have shown many benefits in the
field of education.

3.1.1 Chat Generative Pre-Trained
Transformer (ChatGPT)

A product by OpenAl, ChatGPT has received
a boom in its popularity since the publicly
official release in November 2022.23 Chat-
GPT was developed using GPT-3.5 and
GPT-4 as its foundation and was specifically
fine-tuned to excel at conversational
interactions. While ChatGPT is available
for free, a premium version called ChatGPT
Plus is also offered at a monthly subscrip-
tion rate of $20. ChatGPT Plus is powered
by GPT-4 which enhances the generated
responses by offering greater reasoning
and accuracy, along with faster response
times. This 24/7 conversational assi-
stance tool has been utilized in diverse
professional domains such as research,
programming, content creation, and
business. For personal tasks, individuals
can benefit from entertainment to
developing applications without knowing
code. In higher education, the quality of
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text generation with knowledge of various
subjects makes ChatGPT a beneficial edu-
cational assistant tool. Its ability to generate
human-like text enables it to explain
complex topics in simplified terms and give
real-time feedback, making it an effective
tool for virtual tutoring of various subjects.
Those subjects include mathematics,
sciences, computer science, history, liter-
ature, languages, economics, geography,
philosophy, and art and music. To utilize
ChatGPT effectively, users primarily
interact with the model through prompts.
These prompts can come in various forms,
such as direct questions (“What is an
earthquake?”), requests for elaboration
(“Tell me a story."), instructional directives
(“Translate this English sentence to
Khmer: “Hello, how are you?”), or even
more open-ended stimuli (“Imagine a
conversation between a robot and human.”).
It is worth noting that the structure of

the prompt heavily influences ChatGPT's
response. The more precise and clear the
prompt, the more targeted the answer
will likely be. Conversely, vague or broad
prompts might lead to more generalized
and undesired responses. We will illustrate
some interesting cases of how students
and educators can benefit from ChatGPT
for their educational purposes.
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metic

Prompt for ChatGPT: “Solve for x in the equation 2x-5=11"

]
Response
from ChatGPT

arning

Prompt for ChatGPT: “Act as an English teacher and tell me the usage of present simple
in 2 lines only”

®

Response

from ChatGPT

Prompt for ChatGPT : “Draw a lesson plan for my
3 minutes class to teach Present Simple”

Prossntation {1 misuta

[ ]
Response
from ChatGPT

Practae (1 mimael
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Prompt for ChatGPT: “Write a Python code to sum A=2 and B=3"

[
Response
from ChatGPT

Prompt for ChatGPT: “Summarize Romeo and Juliet in 2 lines”

BO Summarize Romeo and et in 2 nes

@ [ ]
youreg . : = Response

from ChatGPT

3.1.2 Bing Chat

Bing Chat, integrated into Microsoft Edge, enables users to interact with the chatbot within
the browser’s sidebar for various tasks similar to ChatGPT.?* It uses GPT-4 language

and real-time information available on the internet to generate answers. It leverages the
power of Bing search engine to provide up-to-date and relevant information to users.
Unlike ChatGPT, Bing Chat also provides references for its responses, allowing users to
explore further and verify the information. Like ChatGPT, prompts act as a crucial medium
for users to interact with Bing Chat.

We will use one of the prompts above to illustrate the differences between ChatGPT and
Bing Chat.
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Prompt for Bing Chat: “Act as an English teacher and tell me the usage of present simple
in 2 lines only”

The present simple tense is used to describe actions that are generally or always true, and situations
that are more or less permanent | . It is also used for habits, routines, and scheduled events '

Learn more: 1. perfect-english-grammarcom 2. grammarly.com 3. thoughtco.com  +1 more 22 of 30

® Response from Bing Chat

3.1.3 BARD

BARD is another conversational Al tool, based on PaLM 2.% It was introduced by Google
in March 2023 and is seen to be a competitor to ChatGPT. Although BARD has been
officially released to the public, it is still under development. As with ChatGPT and Bing
Chat, prompts are used as a medium to ask and get responses from the interactive
chatbot. Bard generates responses using real-time information on the internet. Although
BARD does not attach references to its responses, it does provide verification options
that users can utilize to check the reference against the BARD's response.

We will use one of the prompts above to illustrate the differences between ChatGPT, BARD
and BARD.

Prompt for BARD: “Act as an English teacher and tell me the usage of present simple in 2
lines only”

wo-line summary of the usage of the p t simple tense in English:

Present simple tense:

= g and habits:

The sun 5 in the east

eat breakfast EVErY mornmg.

talk about futun

® Response from BARD
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4. Potential and challenges
of Al tools integration in
Cambodia’s higher education

While these technologies offer extensive
benefits, they also come with many
challenges of which not everyone is aware
since they are quite new. We will delve
into the potential and challenges posed
by such technologies below.

4.1 Potential of Al tools integration

Educators and students can exploit the
benefits of these cutting-edge Al tools in
the field of higher education as follows.

+ Personalized learning: Al-driven
chatbots empower students to study at
their individual pace, catering to their
unique learning styles. Serving as a
virtual tutor with expertise in various
domains, these chatbots are available
24/7. This accessibility allows students
to seek answers to diverse questions
without solely depending on in class
teachers for knowledge dissemination.
This innovative approach promotes
autonomy and tailored educational
experiences for learners. Moreover,
the integration of such Al tools into the
education sector has shown a significant
step towards achieving digital tran-
sformation, bridging the gap between
traditional teaching methods and
modern, tech-driven pedagogies.?

+ Instant feedback: Owing to the fact that
a generative Al model can understand
human language and context, it can
generate detailed responses according
to the input it receives. This function
makes it a more interactive and dynamic
learning experience which helps to
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motivate students to learn more. Instead
of waiting for periodic assessments or
teacher feedback, they can get immediate
responses to their queries, test their
understanding of a topic, or clarify
doubts immediately, accelerating the
learning process and ensuring that
questions are answered promptly.

+ Promoting creativity: When brainstor-
ming or conceptualizing ideas, students
can engage with generative Al to refine,
expand, or even challenge their initial
thoughts. Al can provide alternative
perspectives, suggest related concepts,
or even challenge students to think
deeper and wider.

+ Cost saving: In a traditional context,
acquiring expertise often requires
enrolling in specific courses. Each new
skill or subject area typically incurs
additional costs, be it in the form of
tuition fees, course materials, or even
the associated time and travel expenses.
However, with generative Al, a wide
knowledge is consolidated into a single
platform where it is equipped to provide
insights, guidance, and feedback.

We conducted a survey among students
from 24 different universities, of which
twenty are from Phnom Penh and four are
provincial universities such as National
University of Battambang, Svay Rieng
University, National Meanchey University,
and University of Southeast Asia (Figure 1).
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Figure 1: Names of universities of the respondents who participated in the survey

What is your university's name?

Zaman University
University of South East Asia
University of Health Sciences 1
University af Cambodia 1
Svay Rieng University  —
Royal University of Phnom Penh e
Royal University of Law and Economics  mem
Royal University of Fine Arts »
Phnom Penh University of the At

Phnom Penh International Institute of the Arts 1
Paragon Intemational University — mee
Mortan university =

Mational University of Management m
National University of Battambang
National Meanchey University
Limkakwing University ——
Institute of Technology of Cambodia
Institute of Foreign Languages
Institute for Intemational Studies and Public Policy mm
Cambedia Academy of Digital Technology
Build Bright University m
Beltei International University m
American University of Phnom Penh s
ACLEDA Institute of Business  »

o 10 20 30 40 50 B0 70 80

According to our survey result shown in Figure 2, students in the fields of Information
Technology and Computer Science, and Engineering have used Al tools the most for their
study.

Figure 2: The top-ranked domains of students who have used Al-tools.

Have you everused Al tools for your study before?

Encial Bamens =
Fullc adrinlgiration and Pclicy ®
Performing Afs *
Medaand JovmalEm |
Lngusics and Langaage 3udiss *
laww ancd | pgAl Bridies ™=
Iifonerealion T echimelegy aod Corpuler Scierce I
teatth and Kedicing '
=nginerring =nd Tarhrnlgy  EE—— =hio
-
p—
»
-
b

uYgs

Cducallon and Teaching

Husness ard Management

&2 and Humankies

Archiazture and Deslgn
Aganculiure and Velernary Soence

Q 50 700 150 200 250

Out of 353 students surveyed, 56.5% believe that Al tools enhance their critical thinking,
56.8% feel that these tools boost their productivity, and 48.6% are of the opinion that Al
facilitates their personalized learning (Figure 3).
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Figure 3: Perspectives of respondents towards positive impacts of Al tools on their
studies

What do you think those Al-tools can affect you?

56.50%

48.60%

= |t helps me think more. = |t enables personalized learning.

It improves my productivity.

The results of the survey show that students primarily use Al tools for general information
searches, assistance with their homework, and acquiring new skills (Figure 4). Another
significant use is in writing paragraphs and essays. Additionally, students utilize Al for
learning foreign languages, seeking feedback, practicing for exams, debugging, and coding
lessons.

Figure 4: Different tasks students ask Al-tools to assist with for their studies

Could you tell benefits you can get from those Al-tools for your study?
122 responses
Searching General Information 108 (88.5%)
Assisting Homework
Writing Paragraph or Essay 52 (42.6%)
Practicing Exams —30 (24.6%)
Leaming Languges (English...) 48 (39.3%)
Assisting Assignments 60 (49.2%)
Leaming New Skills 69 (56.6%)
Asking for Feedback 38 (31.1%)
2 (1.6%)
Debug codel—1 (0.8%)
Working—1 (0.8%)
codingl—1 (0.8%)
Checking code , comect cod... -1 (0.8%)
Write Codingl—1 (0.8%)
0 25 50 75 100 125

Students have utilized a variety of Al tools, such as ChatGPT, Microsoft Bing, Bard, Ask
Al, DeepAl, pind.ai, YouAi, Codium Al, Bito Al, BAI Chat, SteveAl, Monica Chatbot, tabine
Chat, Claude, GoodAl, GPTZero, Khmergpt, Grammarly, Quillbot, Al Essay Writer, CopyAl,
Notion, Math ai, Tome, Perplexity, Citefast, and Poe. 62 lecturers from various universities
in provinces and 43 lecturers from universities in Phnom Penh took part in the survey.
79.5% of lecturers in Phnom Penh and 65.2% in provinces have used Al tools to aid their

Digital Insights
Future of Education

127



128

Potential of Al in Cambodia’s Education

teaching. They use them to search for
general information, generate quizzes and
exams, design course syllabus and lessons,
create classroom content, generate code,
and detect plagiarism. They use various
Al tools, such as Chat-GPT, Microsoft Bing,
Bard, and Poe. 88.7% think that Al tools
should be allowed for use in higher
education (Figure 5). They also mention that
students should use tools for searching
general information, assisting assignment
or homework, and asking for feedback.

Figure 5: Lecturers' perspectives regard-
ing the allowance of Al tools
usage for students

Do you think Al-tools shoul be allowed
for students to use?

88.70%

= Yes = No

4.2 Challenges of Al tools integration

The integration of Al tools in the educational
field requires careful consideration of
challenges.

+ Reliability and Accuracy: Generative
Al models cannot always produce
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entirely accurate information. The
developers of the generative Al tools
have clearly addressed that the model
cannot generate entirely accurate
output. Therefore, ensuring and being
aware of the limitations of Al-generated
content in this field is crucial for
educational purposes.

Data Privacy: Using generative Al tools
means user data has been collected

by the product’'s company to process
and can be kept and controlled by
them. Therefore, understanding the
terms and conditions of each Al tool is
crucial to ensure data privacy and data
protection.

Ethical Concern: Although generative
Al might produce answers that sound
comprehensive, these answers often
lack direct references or sources. This
can become problematic in an educa-
tional setting as students and educators
typically rely on references for further
reading, validation, and citation
purposes. In addition, as Al is trained by
humans and if it is trained by biased
datasets, it would result in algorithmic
biases and therefore be unfair or
discriminative against certain groups
of students.

Language barrier: The predominance
of English datasets used to build Al
tools enable these tools often perform
optimally in English. This can make it
challenging for these tools to be effec-
tively integrated in non-English speaking
regions, including Cambodia. Further-
more, not all Cambodian students have
a good knowledge of English, limiting
their ability to fully utilize and benefit
from these Al tools.



Potential of Al in Cambodia’s Education

+ Accessibility: Inaccessibility to emerging Students tend to be lazy to produce
technologies can lead to an exacerbating ideas or solve the tasks by themselves.
digital divide. Only a privileged group
of people who have access to these Al 25.2% of the 163 provincial students and
tools benefit from the opportunities 10% of the 190 students in Phnom Penh
they offer. This divide is even evident have never used Al tools for their studies
in educational settings, where some (Figure 6). The primary barriers for the
students are aware of the potential of students are their limited knowledge about
Al, while others are not. For example, these emerging technologies and how to
ChatGPT has not been accessible in use these tools and accessibility issues
Cambodia. Only those who are aware of related to Al service availability in Cambodia
the method to utilize it through virtual (ChatGPT) and internet connection. 37.7%
private network (VPN) have the privilege of lecturers who have never used Al tools
of accessing such a sophisticated tool. for their education reported the same

challenges as the students. In addition to

+ Over-reliance on Al: There is a risk this, the survey shows 172 out of 354
that students might become too students stated that the tools do not help
dependent on Al, potentially suppressing their thinking but instead provide direct
critical thinking and problem-solving answers. The lecturers also raise concerns
skills. This is due to the fact that the that these tools can make students
answer is always provided by the tool. lazy and disimprove their study and even

encourage academic misconduct.

Figure 6: Percentage of students in the capital city versus provincial areas who have
never used Al tools for their studies
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5. Conclusion and suggestions

The advent of emerging technologies,
particularly generative Al, shows many
promising opportunities for digital
transformation of education in Cambodia.
With tools such as ChatGPT and BARD,
students can get many benefits. From
personalized learning experiences to
enhancing cognitive skills, these platforms
are set to revolutionize the way education
is perceived and delivered. However,

like the two sides of a coin, these advanced
technologies carry both potential and
challenges. Embracing them with awareness
is essential to ensure that their advantages
are harnessed while mitigating associated
risks. Below are some suggestions
proposed by the authors.

Regulation: A framework of standar-
dized rules is pivotal. Establishing clear
guidelines and rules will help to ensure
that students are aware of the conse-
quences of their academic misconduct,
such as using Al tools for plagiarism or
cheating. These guidelines will provide
students with a clear understanding

of the expectations and unacceptable
behaviors associated with using Al
tools, thereby discouraging academic
misconduct and enhancing students’
learning experiences.

Teaching paradigm shift: Instead of
sticking to traditional comprehensive
questions, teachers should design tasks
which require critical thinking. There-
fore, students can utilize the Al tools to
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refine their answers and challenge
their ideas. With generative Al tools
described above, the art of crafting
effective prompts becomes essential.
Teaching students how to utilize and
formulate prompts can empower them
to extract meaningful insights from

Al, refine their answers, and challenge
their ideas more deeply.

Ethics in Al: The transition of Al tools
integration in education should be the
inclusion of courses on the ethics of Al
usage. This is to ensure students are
aware of limitations of Al tools and how
to use them ethically.

Digital Literacy and Upskilling: As
technologies continue to shape almost
every aspect of our daily lives, digital
skills are essential for everyone in this
technology-driven society. According to
our survey, both students and lecturers
miss opportunities to use new tech-
nologies, primarily because they are
unaware of the potential of these tools
and lack the skills to access them.
Therefore, digital literacy is vital to
ensure that all individuals have access
to new opportunities provided by the
latest technologies. It also plays an
important role in bridging the digital
divide, ensuring no one is left behind.
The digital literacy can be fostered by
incorporating it into school curricula, and
collaborating with multi-stakeholders,
including private sector, to provide digital
skills training in educational institutions,
especially those in remote areas.
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The Implications of ChatGPT on Media
Education in Cambodia: A Plus or a Minus?

@ Ponleu SOUN

Introduction

While journalism is the process of acquiring,
evaluating, creating, and presenting news
and information, journalists gain facts
about an event or issue and then clearly
and accurately represent that knowledge
to the public. Journalists must adhere

to ethical norms such as truthfulness,
accuracy, objectivity, and impartiality to
maintain professional integrity.’

Traditionally, the intent of the journalism
curriculum includes internships and
laboratory experience, in addition to a
professionally oriented program, to produce
an individual who can effectively and
efficiently work in journalism and mass
media industries; however, presently,
journalism schools have added training

in broadcast, advertising, publication,
program designing, and reporting.2 This
makes journalism and media education
an interconnected and interdependent
discipline in modern society. In the United
States, accreditation rules have encouraged
a journalism curriculum to incorporate
technological advancements and embrace
a multidisciplinary curriculum that nurtures
critical thinking, analytical reasoning,

and problem-solving skills.

On the other hand, there may be more
valuable guides for future journalism and
media education than imitating the best
practices of the preceding generation.
Rather than reinforcing outdated patterns,
journalism and media educators may do
more to push students to learn how to
improve their work in their contemporary
environment.* In journalism colleges,

the status quo is becoming increasingly
untenable. Creating new models that are
more relevant to today's needs than earlier
media sectors is a motivating endeavor
for journalism educators and experts.

In today's digital advancement society,
where artificial intelligence is at the core of
digital transformation, media institutions
have applied Al technology in their
professions. For example, the Associated
Press, the world's largest news agency,
has used Al technology in many areas of
journalism, including image recognition
and computer vision, robotics, machine
learning, natural languages, and speech.’
To provide interactive visuals for dozens
of stories each day, AP teamed with
Graphiq, using Al to automate infographic
generation and match its output to news
articles in real time.® The AP and an 1A
company, Agolo, use natural language
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processing to create news summaries

for chatbots and news article summaries
for spontaneous social media posts.” In
addition to text-to-speech technology that
newsrooms leverage to broadcast news
content using a synthetic voice, speech-to-
text technology is used as a reporting tool
to transcribe interviews and conversations
in real time.

Media and journalism education
in Cambodia at a glance

The curriculum structure of a bachelor's
degree in higher education is divided into
two groups: foundation study and skills
training, which the skills training shall
consist of core major subjects, basic major
subjects, or elective major subjects.®

At the time of writing, at least three
universities offer higher education degrees
in journalism and media studies in Cam-
bodia, including the Department of Media
and Communication of the Royal University
of Phnom Penh (RUPP), Faculty of
Communication and Media Arts of Panna-
sastra University of Cambodia (PUC), and
College of Media and Communications

of University of Cambodia (UC). The
Department of Media and Communication
offers various courses to prepare students
to become professionals and practitioners.®
The foundation courses include principles
and practice of journalism and digital
skills for media studies, which equips
students with basic knowledge and skills
in digital maneuver essential for their
studies. At the same time, students are
exposed to intensive journalism courses
such as news writing and reporting,
journalistic inquiry and commentary, and
photojournalism in their sophomore year.
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In years three and four, students will
receive training and disciplines in various
practical courses such as broadcast
journalism, radio production, TV/Video
production, investigative reporting,
multimedia and online journalism, docu-
mentary film production, newsroom
management, and entrepreneurial
journalism.

In the Faculty of Communication and
Media Arts of PUC, the major of journalism
uses English as a medium and also trains
and develops highly skilled journalism
through offering various courses such as
Digital Media and Society, Introduction to
Journalism, Introduction to Media Law
and Ethics, visual communication, photo-
journalism, news reporting and writing,
radio and television broadcasting,
broadcast journalism, current issue in
media, and advanced journalism work-
shop.™®

Providing either a Khmer or an English
language program, the College of Media
and Communications of UC also aims to
produce broadly educated and ethical
professionals by offering a four-year
higher education program. Like the other
institutions, the College of Media and
Communication journalism program also
prepares students to be writers, reporters,
and editors for various media."

Problem statement

With the advent of ChatGPT, journalism
and the media will undoubtedly adapt to
their newfound possibilities. As a result,
media education needs to transform itself
to effectively prepare students to become
practitioners in the constantly changing
media industries. This paper uses secondary



sources to examine the advantages and
disadvantages of using ChatGPT in
journalism and media education. It begins
by identifying significant benefits that
ChatGPT can provide, followed by the risks
associated with using ChatGPT in media
education in Cambodia. This paper
concludes with recommendations and
proposals for media education institutions
to include this technical implication

in future media education curriculum
modification.

Benefits of ChatGPT on media
education

ChatGPT offers media education distinct
advantages by enhancing both the
efficiency and effectiveness of content
creation while encouraging independent
thinking among media practitioners.
Through this technological support,
educational institutions can encourage
students to delve deeper into media and
journalism content, fostering analytical and
critical thinking skills while automating
repetitive tasks with machine learning. In
contrast to the traditional lecture-based
approach, which often necessitates
constant supervision, ChatGPT promotes
a self-reliant learning mindset among
students.

Cost-effective and time-efficient
in content creation

Given that content creation is the backbone
of media education, ChatGPT can offer
cost-effective and time-efficient Al-gener-
ated content for students and educators
to use and practice in the educational
setting. The Al-generated content has been
referred to as the ability to use a large
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language model and the strength of
producing convincing responses to the
context of ChatGPT in support of
educational causes.’? More specifically, it
can help with assessment design, essay
writing, and language translation, allowing
users to pose and answer various
questions and summarize materials.”

In courses like news writing and reporting,
these functions will assist educators and
students to spend less time and resources
on writing and producing vital yet
repetitive content. With that, they can
focus on new features and higher-impact
journalism with quality and in-depth
analysis that their society still needs to
cover. For investigative reporting

courses, media students and educators
can use the well-function of ChatGPT as a
news-gathering tool to generate

relevant responses to break news and

dig into investigative news. This support
can encourage students to dedicate
additional time to thoroughly analyze

the collected information and investigate
news stories more comprehensively to
pursue public interest. Furthermore,
ChatGPT can help educators and students
automate video transcription and
generate short lists and story summaries
to streamline workflow for courses like
broadcast journalism, radio production,
and video production. This ability will
push educators and students to focus on
assignments with higher-order thinking
skills and creative and analytical thinking,
which are essential for students to develop
to succeed in their future careers.'
Armed with these essential skills, media
organizations can centralize the stand-
ardization of pre-production procedures,
including scripting, content creation,
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and storytelling, all while maintaining a
commitment to delivering high-quality
outputs.

Promotion of independent and
self-reliant media practitioners

ChatGPT, in contrast to traditional class
methods, is a potentially helpful technology
that can be utilized as a personal tutor for
media students, overshadowing human
interaction, which deteriorates independent
news writing and media creation. As
previously said, in the education sector,
students can benefit from experiential
learning since ChatGPT can generate
various problem-solving scenarios and
provide students with personalized
teaching.” From interaction with students,
the Al could communicate and answer
queries like humans, allowing students

to stay curious and look for multiple
approaches to solving assigned problems.
With this strategy, the ChatGPT application
has the potential to serve as a means of
empowering students to become
autonomous and self-directed learners

to develop future independent media
professionals. One of the critical strengths
of ChatGPT in education is its ability to
generate plausible personalized and
real-time responses.’® This would allow
media students to be independent and
free from supervisor's misjudgment and
misperception. Instead of expecting
supervisor feedback on the story they may
need to gain expertise on, media students
can now discuss with ChatGPT to have
the assignment and story independently
covered.

The main objective of journalism and
media institutions is to create sufficient
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and independent journalists and media
practitioners to serve the public interest.
Adopting independent learning in the
university can prepare students to
contribute to the field. In courses like
documentary film production, newsroom
management, and entrepreneurial
journalism, the personalized response tool
of ChatGPT may help students find their
purpose using their skills for long-term

personal development. The application of
ChatGPT can help students become
independent journalists free from influence
by the government or other external
sources. Journalists should feel no pressure
to share or sanitize their reporting, even if
it may negatively portray the government
or other power entities, including the
owners of the news outlets."”” Through Chat-
GPT's support, students can enjoy greater
autonomy in their news writing, diminishing
their dependence on mentors and peers,



thereby equipping them to cultivate their
individuality and self-reliance in media
and journalism.

Costs of ChatGPT on media
education

In addition to concerns surrounding
academic integrity and cognitive bias that
higher education institutions possessed

w

%
¥

regarding the presence of ChatGPT in the
education sector', information quality
and accuracy and ethical consideration of
media practitioners stand out as significant
challenges posed by the integration of
ChatGPT into the media education system.
While troubled by the increased risks

of plagiarism and cheating for courses that
rely more on written outputs, the conse-
guences of Al abuse in media education are
relatively exacerbated, requiring constant
skepticism and careful consideration.
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Quality and accuracy of
information

As an example of asking about health-
related questions, the current version of
ChatGPT did not consistently answer with
suitable information when questioned
about anatomical facts.” Given the funda-
mental limitation of ChatGPT, the primary
concern of this application in media
education is the creation of misinformation -
information that is false but not intended
to cause harm - that goes against the
principles and standards of the media
profession.?’ Even if the responses gener-
ated may sound plausible, it is a concern
and danger that many ChatGPT-generated
contents may lead to harmful information.?'

Researchers in the news media have
expressed concern about the material’s
accuracy, with incidences implying that
ChatGPT made up content in the face of
knowledge shortages and even created
false resources.?? Using ChatGPT in media
education may risk that students generate
text that is not based on facts but on
false and misleading information. This is
especially concerning when the model is
utilized in courses requiring accuracy and
truthfulness, such as news writing and
reporting, journalistic inquiry and
commentary, and investigative reporting.

A UNESCO report in 2023 illustrated that
ChatGPT cannot distinguish right, wrong,
genuine, and false since it only collects
information from databases, texts, and
online processes.? Al and chatbot models
are frequently accused of prejudice and
discrimination. ChatGPT can perpetuate
biases in the data it was trained on, producing
unfair or discriminatory outcomes.?* Due

Digital Insights
Future of Education

137



138

Potential of Al in Cambodia’s Education

to its underpinning mechanism, data
trained on ChatGPT can be manipulated.
As a result, it will give students misleading,
irresponsible, and manipulated infor-
mation.?> Without proper verification and
fact-checking, courses like radio, TV, and
video production will likely base their
narratives on false information and mis-
information, leading to media integrity
and transparency deterioration. In
response, media educators and students
need to stay skeptical and verify

the information given by the ChatGPT.

Ethical considerations

Ethical consideration is another potential
concern regarding the integration of
ChatGPT in media education. It is a cause
for concern if a media practitioner uses
ChatGPT to generate false new content,
such as text, audio, or images, to create
misleading or malicious information that
is difficult for people to distinguish from
genuine content, resulting in the spread
of disinformation and harmful news.?
Without proper educator precaution, the
same concern will appear for multimedia
and online journalism courses if the
students wish to manipulate the public,
who may have no media literacy skills,
through Al-generated content. As suggested
by a researcher, the relevance of ethics

in an online setting should be emphasized
in approaches to social media reporting
teaching.?” Another ethical consideration
revolves around the absence of references
and sources from the ChatGPT.

In contrast to typical tools, ChatGPT
furnishes and tailors immediate and natural
responses without including sources or
references. In this context, media students
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might seek to utilize prompted and
modified responses generated by ChatGPT
from online sources without securing
permission or acknowledging the origin.
Courses like multimedia and online
journalism, video production, and docu-
mentary will face huge ethical concerns if
the sources used in the students’ content
are not found or mentioned.

Way forward for the curriculum
of media education institutions

Regardless of the drawbacks of the
platform, it is inevitable to acknowledge and
accept its impact on the education setting.
As argued by one author, ChatGPT and
similar tools will become a part of everyday
writing in some shape or form, much as
calculators and computers have become a
part of math and science.? Similarly, another
researcher recommends that instead of
prohibiting students from utilizing Al tech-
nologies, they could be involved in molding
and using them to promote learning.?®
This paper will offer a few suggestions

for how journalism and media education,
especially in Cambodia, should move
forward on the heels of the development
of Al.

Reinvention of media literacy
in the curriculum

It is self-evident that media literacy has
moved from reading and understanding
traditional media frontiers to using
sophisticated technological advancement
to answer one’s inquiry. In the age of
ChatGPT, media education institutions shall
reinvent and reintegrate media literacy
with Al advancement in their curriculum,
which would allow students to gain the



ability to maximize the benefits and
minimize the risks of using ChatGPT. As
outlined by a research paper, reinventing
media literacy in subdisciplines in which
students in media and communication
must be educated as responsible, ethical
consumers and producers on digital
platforms.?° Designing a curriculum of Al
media literacy would allow students to
fully use the opportunities offered by
ChatGPT for education, such as increasing
the accessibility of information and
facilitating personalized learning. Compul-
sory and elective courses like Digital Skills
for Media Studies, Digital Media and
Society, and Principles and Practice of
Journalism should focus on media literacy
skills and emphasize advancing responsible
usage of ChatGPT by exposing students to
different approaches to using this
application and assessing its advantages
and disadvantages in the media sector.
For instance, educators can make it
compulsory for students to critically analyze
the results ChatGPT provides and compare
them with other sources of information.

Integration of ethical components
in the curriculum

Given the growth in Al's use across
communication subdisciplines, its value to
educators makes it an essential addition
of ethical components to the media
curriculum. Journalism and media educators
should require students to take a course
on the ethical and legal implications of
using Al in journalism and media, such as
the need to protect individual's privacy
and rights, the importance of transpar
ency and accountability in the use of Al,
and the potential consequences of using
Al in harmful or irresponsible ways. A
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finding suggests that applying journalism
ethical standards such as responsibility,
accuracy, impartiality, balance, objectivity,
and truthfulness is essential to establishing
a program to teach journalists.3' Students
in media education institutes must follow
ethical norms on plagiarism, accuracy,
and fairness in all assignments, especially
news writing and reporting, radio pro-
duction, TV/Video production, journalistic
inquiry and commentary, documentary
film production, broadcasting, and online
journalism.

Conclusion

With set word limits, ChatGPT's answers
and responses are precise and to the
point if students correctly and properly
phrase their first question and prompt
questions. While offering extensive benefits
to media education, the platform also

has undesirable drawbacks and downsides
that must be seriously considered and
addressed. As suggested, higher education
institutions should renovate media literacy
skills and incorporate ethical components
into the media education curriculum.

At the same time, it is recommended that
future research emphasizes and explores
the impact of this platform to direct stake-
holders such as educators and students
and the way forward to maximize the
benefits and minimize the risks of such a
tool in the media education setting.
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Engineering Curriculum Development
Toward Innovation and Entrepreneurship
for Sustainable Education: Outcome-Based

Education (OBE)

) Sok Chea AM, Phok CHRIN and Koksal CHOU

Abstract: This article examines how to
design an innovation and entrepreneurship-
integrated engineering education based on
the concept of Outcome-Based Education
(OBE). The objective of this work is to
develop an Electronics and Automation
Engineering curriculum associated with
effective teaching and learning methods
to ensure the achievement of students’
outcomes in innovation and entrepre-
neurship. Three main outcomes of this
program are defined: 1) Graduates who
are qualified engineers, 2) Graduates who
have lifelong learning skills and research
skills, and 3) Graduates who are future
techno-entrepreneurs. In order to obtain
these outcomes, this academic program
implemented Project-Based Learning (PBL)
that drives each student to do a research
project within the university or industry
for about 2 years before graduation.
Therefore, graduates expect to be equipped
with 21st-century skills including higher-
order thinking skills to be successful

in their future careers. As a result, we
implemented 22 applied research projects
categorized into 12 university projects, 8
joint industry projects, and 2 joint
collaboration projects with a partner
university in the region. Among them, one
final product (KHQR Vending Machine)
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is already commercialized to the local
market. Three projects won the Techno
Innovation Challenge Cambodia 2023." One
product from our research helped a

local company to improve their productivity
and increase revenue by USD 600 per hour
compared to the previous operation.

Keywords: Curriculum design and
alignment, Entrepreneurship, Assessment
Rubrics, Project-Based Learning

1. Introduction

The traditional educational program and
teacher-centered learning do not ulti-
mately produce graduates with all skillsets
required by the current and future work
environment.2 Currently, many companies
seek candidates who have the technical
skills and soft skills (21%t-century skills) to
complete the given task effectively. In
response to those requirements, our
institution has improved the engineering
curriculum and applied Project-Based
Learning (PBL) in order to produce
graduates who have the important inter-
disciplinary skills, innovation skills, and
entrepreneurship mindset essential in a
modern market. The Electronics and
Automation (EA) Engineering Program is



designed for multidisciplinary skills and
uses PBL as a driving force to fabricate
graduates equipped with higher-thinking
skills and the ability to become techno-
entrepreneurs. Six subjects are introduced
as project-based courses in the curriculum
to provide the opportunity for each
student to perform research in one project
for 2 years before graduation. It covers a
whole electronics and automation design
and supply chain investment to connect
the university, stakeholders, and market.
The curriculum is developed based

on the Outcome-Based Education (OBE)
framework. OBE is a learner-centered
learning philosophy that focuses on
measuring students’ outcomes.? In this
framework, the outcomes are measured
through the Program Educational
Objectives (PEOs). Herein, the educational
objectives of students for the next 3-5
years after graduation are pre-defined
corresponding to the needs of stakehold-
ers, i.e., the market requirements, and
the ability to become techno-entrepreneurs
and create jobs. The PEOs serve as the
basis for designing the Program Learning
Outcome (PLOs). PLOs define the outcome
that students acquire during the program
which is developed through the aggre-
gation of the Course Learning Outcomes
(CLOs). The relationship of this framework
will be further discussed in this article,
including the rubrics for assessing

and evaluating the success of students’
learning outcomes.

This paper is organized as follows. Section
2 elaborates in detail the OBE concept
from PEOs to CLOs of curriculum develop-
ment. Section 3 demonstrates a step-
by-step on curriculum improvement of

Case Studies

the EA Engineering Program. The detailed
assessment and evaluation rubric

is explained in this section. Section 4
summarizes the results of program imple-
mentation as well as potential products,
from student projects, that are ready

for commercialization in the local market.
Finally, the conclusion is given in section 5.

2. Outcome-Based Education
(OBE) Concept

OBE is a fit framework for establishing a
performance-based education at the
higher education curriculum. OBE builds
an environment where students are
navigated by what they can learn and
apply to solve real-life problems. OBE is a
method of planning, developing, delivering,
and documenting instruction in terms

of its intended goals and outcomes.*

The outcomes are a principal value for
curriculum development. Hence, OBE is
a blend of three types of proficiencies:

a) experimental: understanding how to
experiment with things, and the ability to
make a correct decision, b) fundamental:
knowing and overcoming what you are
doing and why, and c) reflective: learning
and adjusting by way of self-reflection;
use knowledge properly and responsibly.
Learners take full responsibility for their
learning and are motivated by feedback
and affirmation of their worth.> Figure 1
shows the comprehensive OBE mandate
that is linked from the vision/missions of
the university to the CLOs of the program.
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Figure 1: Dependency among vision/mission, PEOs, PLOs, CLOs, and CQI
of an Eng. Program - own compilation®
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2.1 The OBE Framework

Figure 1 proposes a comprehensive OBE framework, which is accurate and solid enough
to address the key stake and activity that needs to be accomplished for the successful
adoption of OBE within an Engineering Program. According to this framework, there
should be 2 main processes that need to be executed in sequences. The first main part is
the process inception (program level), which covers the program'’s visions and missions -
program educational objectives (PEOs) - and program learning outcomes (PLOs), which
have to be conducted. Once the task of program structure is accomplished, the process
execution (course level) has to be developed to design the program curriculum for responding
to the defined PLOs in the previous process. The assessment must be processed in
every cycle and followed by the continuous quality improvement (CQI) plan. Table 1 details
each step of curriculum development.

Table 1: The OBE mandates

\[) OBE Mandate

Clearly define the vision and mission statements of an Engineering Program that are
aligned with national policy and strategies. The vision and mission statements of the
program must show the commitment and action preparing for success for all learners.

Clearly define PEO statements of a program that show what students will become
after 3 to 5 years of graduation. Then, define PLO statements that students must
demonstrate at the point of their graduation. PEOs & PLOs must be mapped to each
other and support the engineering program's mission statements.

CLO statements of each course in a curriculum should demonstrate certain knowledge
(K), skills (S), and attitudes (A) that students can obtain after completion of the course.
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OBE Mandate

A system of instructional decision-making and delivery that employs a variety

of methods, assures successful demonstration of all outcomes (CLOs) and provides
more than one chance for students to be successful. Active teaching-learning
methods should be applied for students to achieve targeted CLOs.

A criterion-referenced system (commonly known as Rubrics) of assessment. This
ensures benchmark assessment practice that is transparent, focused, unbiased, and
performance-driven.

An ongoing system of program improvement, commonly known as the CQI process
includes academic process measurement and improvement, staff accountability,
effective leadership, and staff collaboration.

A database of significant, visionary outcomes for all students, plus key indicators of
program effectiveness, that is used and updated regularly to improve conditions and
practices that affect student and staff success.

2.2 Program Level: Vision, Mission,
PEO, and PLO Statements

To define the vision and mission statements
of an academic program, the program
developers should collect and analyze

the vision and mission statements from
university and government strategies as
well as the current and future labor markets
in the field. As presented in Figure 1, in
order to ensure the success of the defined
vision and mission of an education program,
the PEOs must be well-defined and must
support that vision and mission.” In a
short definition, PEO statements describe
the career and professional accomplish-
ments that the program wants graduates

to achieve. The PEOS’ assessment depends
on the achievements of graduates who
have worked for 3 to 5 years after grad-
uation. An Engineering Program usually
has 3 to 5 PEO statements. Additionally,
for evaluating the effectiveness of the
program, the PEO attainment should be
measured periodically (3 - 5 years after
the student’s graduation, and the assess-
ment can be performed in the form of a
tracer study). Thus, the preparation and
execution of the PEOs evaluation process
should be developed. This process should
comply with the guidelines detailed in
Table 2.
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Table 2: The definition and guidelines for PEO development and assessment

Properties for PEO definition Guideline for PEO assessment

Each PEO statement should be consistent The PEO assessment tools should be
(@) with the vision and mission statements indicated, and how these tools are used
of the program should be explained.

PEO must be supported by a well-defined = The PEO assessment tools should be

(b) curriculum and the teaching-learning indicated, and how these tools are used
process. should be explained
A justification of how curriculum and Adequate documentation of the evidence
(c) academic process contribute to the associated with the PEO assessment
attainment of the PEOs. should be provided.
PLO statements of an academic program Figure 2: Mapping between
show what learners are expected to know PLOs-PEOs-CLOs of a program

and their ability to perform by the time of
graduation. PLO statements demonstrate
what are the crucial knowledge (K), tech-
nical skills (S), and attitudes (A) that the
learners acquire within the program. The
program curriculum and course structures
must be designed and executed accordingly
so that by the time of graduation students
have achieved an acceptable minimum
level of K-S-A addressed by the PLOs. The
number of PLO statements of each program
can be defined based on a well-known
international qualification framework such
as the Accreditation Board of Engineering
and Technology (ABET: 7 PLOs), the
Washington Accord (12 PLOs), the Engi-
neering Accreditation Council (12 PLOs),
etc.8 PLOs of this engineering program are

2.3 Course Level: CLO Statements

designed according to the ABET guidelines. At the course level, re-structuring each
Figure 2 shows the alignment of PLOs course outline/curriculum, developing
towards the attainment of PEOs and the CLOs and mapping to PLOs, defining
support by course structure. project-based teaching and learning
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methods, and evaluation and assessment
tools should be developed. In the curriculum,
one course must have a set of CLOs
representing what is the knowledge (K),
technical skills (S), and attitudes (A) the
learners are expected to obtain after the
completion of the course. A CLO should
mention what students would know and
ability to perform after the completion of
the course. A revised Bloom’s taxonomy
proposed by Krathwohl D. R is used for
defining each CLO of a course.® Further-
more, CLOs should be classified at the
level in Bloom's Learning Domain (such
as cognitive - C, affective - A, or psycho-
motor - P skills) and should correlate with
more than one PLO of the program. For
developing course content, in the format
of a course syllabus, each course should
outline the important points such as
measurable and assessable CLOs, Lesson

Case Studies

Learning Outcomes (LLOs) for weekly
teaching and learning activities, appropriate
teaching methods, design-based problems
for appropriate learning activities, and
evaluation methods for each proposed
CLOs. An Active Learning System (ALS) is
implemented in some courses to prepare
students to be able to perform well in
future project-based courses at the program
level.’® ALS method will teach students to
be more active, have hands-on experience,
self-evaluate, and teach others about
their work. For assessing and evaluating
each course for each student, according
to the OBE concept, formative assessment
and summative assessment strategies

are recommended. Figure 3 shows the
assessment and evaluation methods for the
attainment of CLOs and corresponding
PLOs for a student.

Figure 3: CLO Assessment Process and corresponding PLOs by a student
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3. Case Study: Implementation
of OBE for EA Engineering
Program

The engineering degree in EA at our
institution, the Institute of Technology of
Cambodia (ITC), is a 5-year program with a
2-year foundation and 3-year specialization
part. In 2019, the institution conducted a
self-assessment of the program by review-
ing the feedback from all stakeholders.
Several main issues have been identified
such as students’ lack of communication
skills, limited technical skills, limited interest
and decision-making, and lack of entre-
preneurship mindset. Since then, ITC has
revised the curriculum to tackle these
above issues by setting up a clear set of
vision/mission statements, redefining the
PEO and PLO statements, and integrating
PBL and ALS learning approaches to
improve the students’ performances and
outcomes required at the workplace.

In the new curriculum, each student has
to complete a project for about 2 years
before their graduation.
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3.1. Vision, Mission, PEO, and PLO
Statements of EA Engineering
Program

In a 10-year strategy framework of the
university, the vision and mission statements
are 1) provide quality and equitable
education in science and technology to
become engineers with high professional
ethics, entrepreneurial ability, creativity,
innovation, virtue, morality, conscience,
patriotism, social responsibility, and high
awareness and 2) develop scientific research,
and transfer technology to the national
community to enhance production capacity
and harmonize." Therefore, the vision
and mission statements of the EA
Engineering Program must be developed
to support the above statements of the
institution. Table 3 highlights those state-
ments (on the left side). According to this
table, two main mission statements are
highlighted. Moreover, to support these
two mission statements, three PEOs are
defined a) enhancement of technical skills
for the betterment of society, b) improve
lifelong learning skills, and c) development
of entrepreneurship and leadership skills.
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Table 3: Vision, mission, and PEOs for the EA program

Vision/Mission of the Program PEOs of the Program

Vision: The vision is to become a
prominent EA Engineering Program that
produces graduates with 21st-century
skills and innovation who will contribute
to the technology-led vision of the
country in electronics, smart automation,
robotics, and emerging globalization.

Mission - #1: Produce graduates with
high skills (technical skills and soft skills)
for innovation for the country’s vision
2030/2050 as well as for the emergence
of globalization in the related field.

Mission - #2: Produce graduates who

are lifelong learners and entrepreneurs
through applied research and development
(R&D) projects.

PEO - 1: To produce graduates who are
qualified engineers in electronics (design
and fabrication) and automation (production
line, applied Al in automation, automation
in smart grid/building) to meet market
needs nationally/internationally.

PEO - 2: To produce graduates who have

lifelong learning skills and pursue higher
education which will increase the number
of qualified managers level in the EA field.

PEO - 3: To produce graduates who are
entrepreneurs in the field of electronics
and automation or other sectors.

Table 4 presents the mapping between the PEOs and the mission statements of the
program. Among those 3 PEOs, at least 2 PEOs are combined to support one mission
statement. This program consists of 46 subjects for a duration of 5 years. Figure 4 shows
the repartition of courses dedicated to supporting each PEO statement. Six subjects are
invented for students to learn with a project-based approach that leads to creativity,
confidence in themselves, and the ability to become entrepreneurs. These courses are
crucial for measuring the success of all three PEO statements. PLO statements relate

to the knowledge, skills, and attitudes that students acquire progressively throughout
the program. For each engineering program, the ABET accreditation has defined seven
mandatory PLOs. Table 5 and Table 6 detailed the PLO statements and their mapping to

PEOs, respectively.

Table 4: Mapping between the PEOs and mission statements

Program Educational

Objectives (PEOs)

PEO -1
PEO - 2
PEO -3

Mission #1

Mission statements of the program

Mission #2
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Figure 4: Course repartition dedicated to the attainment of each PEO statement

| PEOL: To produce graduateswho are ; PEO - 2: To produce graduates who PEO-3: To produce graduates who
qualified engineers in electronics and have lfelong learning skills and are entrepreneurs in the field of
automation to meet current market pursue higher education in the EA electronics and automation or other
needs globally. J | field. SBCOrs,
20 Technical subjects: 6 subjects: : 3 subjects:
Computer Programming, Effective Communication Project Development and
Signals and System, Electrical Skills, Basic Writing and Entrepreneurship,
Circuit, Digital Electronics Research Skills, Environment and Process
and Microprocessor, Communication and Risk Management,
Electronies Circuit Design Interpersonal Relations, Engineering Innovation and
and Manufacturing, Power Research Methodology, Ethics
Electronics, Micro compauter, International Languages for
Project development and work, Engineering Innovation
Entrepreneurship, ... and Ethics
6 subjects for PBL applied 6 subjects link to research 6 subjects link to
project: activities: entrepreneurship activities:
Student project part 1 -4, Student project part 1-4, Student project part 1 -4,
Internship (I13), Final year Internship (13), Final year Internship (I13), Final year
Internship Internship Internship

Table 5: Program Learning Outcomes (PLO) statements

Categories Program Learning Outcomes (PLOs)

PLO - 1: An ability to apply new knowledge as needed, using appropriate
learning strategies, and research-based knowledge in the fields of
Electronics and Automation.

PLO - 2: An ability to solve complex EA engineering problems by applying
principles of engineering, science, and mathematics.

PLO - 3: An ability to apply engineering design to produce solutions that
meet specified needs with consideration of public health, safety, welfare,
cultural, social, environmental, and economic factors in the field of
Electronics and Automation.

PLO - 4: An ability to conduct appropriate experimentation with data
interpretation to draw conclusions in the scope of Electronics design and
Automation development.
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Categories Program Learning Outcomes (PLOs)

PLO - 5: Ability to apply written, oral, and graphical communication with
appropriate usage of technical literature in broadly defined technical and

non-technical environments.

PLO - 6: An ability to recognize ethical and professional responsibilities
in engineering situations and make informed judgments, which must
consider the impact of engineering solutions in global, economic,
environmental, and societal contexts.

PLO - 7: An ability to function effectively on a team whose members
provide leadership, create a collaborative and inclusive environment,
establish goals, plan tasks, and meet objectives.

Program Educational Objectives (PEOs)

PEO - 1:
Qualified Engineers

PLO1 v
PLO2
PLO3
PLO4
PLO5

SR

PLO6
PLO7

3.2 Defining the curriculum

The next action is to develop the program
curriculum including the adjustments in
the existing courses and integrate the new
18 courses with draft content to address
the comprehensive attainment of the PLOs.
Most of those new courses are designed
to train students on attitudes, research
innovation activities, and upgrade their
critical thinking skills. The main objective
of those courses is to create a learning
environment that can help students to be

more active inside and outside classrooms.

PEO - 2: PEO - 3:
Lifelong Learning Entrepreneurship
v
v
v
v

After spending 2 years in the foundation
stage, all students will be driven by PBL
(courses: student project Part 1 to 4 plus
a final year internship) for more than

2 years in the specialization of the EA
program. The curriculum must provide
both breadth and depth across the range
of engineering, science, and ethical
contents consistent with the PLOs. Thus,
the curriculum designed for the EA
Engineering program has comprehensive
coverage of all required academic dimen-
sions for adequate teaching and learning
of the designated PLOs. Table 7 draws the
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overall curriculum with a mapping toward
the attainment of PLOs. As presented in
this table, twelve courses are combined
to support PLO 4. PLO 3 mapped to 28
courses while the other PLOs aligned with
the number of subjects ranging from 14
to 24.

3.3 OBE process implementation
at course level

After the curriculum arrangements are set,

the course-level process execution begins.

This is the most important process in the
OBE framework that shapes the actual
learning of students. Therefore, the OBE
framework (Figure 3) is adopted verbatim
for defining the outline for each course,
detailing the learning outcomes (CLOs),
their association with the contents,

and evaluation strategies towards the
attainment of the mapped PLOs. All these

necessary definitions for each course are
documented in individual course files, titled
Course Syllabus. A subject called “Power
Electronics” was chosen for the course
outline demonstration. This is one of the
main courses for the EA Engineering
program. The content is to teach students
about power electronics conversion as
well as the modeling of converter and
simulation works with software (Matlab/
LTSpice) plus the preparations for
prototype development which corresponds
to the requirement of its suitable application.
This subject requires 2 hours of lecture,

2 hours of tutorial, and 2 hours of Lab per
week and continuous for 16 weeks to
complete a semester. There are 60 students
(2 groups) enrolled for this course. For
developing a detailed course syllabus, the
CLOs must be first defined and mapped
to PLOs, as shown in Figure 5.

Table 7: CLOs of course “Power Electronics” with a mapping toward PLOs of program

Course Title

Effective Communication Skills
Engineering Mathematics |
Programming C++

Physic for Engineering |
Engineering Mathematics I
Chemistry for Engineering
Physic for Engineering Il

Basic Writing and Research Skills
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Course Title

Calculus for Engineers
Engineering Mechanics
Fundamentals of Programming
Electrical Systems

Engineering Foundations: Principles,
Design and Communication

Resource, Process, and Materials
Engineering

Environmental Engineering

Engineering Drawing and Computer
Aided Design

Computer Programming

Signals and System

Electrical Circuit

Electronics Analog and Filter
Engineering Innovation and Ethics
Feedback Control System

Digital Electronics and Microprocessor
Electrical Machine

Student Project Part 1

Communication and Interpersonal
Relations

Numerical Method and Optimization
Electric Drive

Modern Control System

Power Electronics

Research Methodology

Industrial Network Protocol

Student Project Part 2

AN

Sl s

NS S

<
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Course Title p 3
Sensors and Actuators v v v
Programmable Logic Controller v v v
Real-Time Embedded Systems v v v

Y4 Yo @Eauf ;
Manutactuing A
International languages for work v v v
Student Project Part 3 v v v v v v v
Industrial Automation v v v
Environmental and Process Risk v v
Management
Image Processing v v v
Micro Computer v v v
R ‘v
Student Project Part 4 v v v v v v v
Final Year Thesis v v v v v v v
46 (with 18 new courses in Red) 17 24 28 23 12 15 14

37% 52% 61% 50% 26% 33% 30%

Figure 5: CLOs of course “Power Electronics” with a mapping toward PLOs of program

Description of the course learning outcomes - CLOs

Ability to apply basic knowledge of power  PLO1 PLOL: ﬁnabllll.‘ytuarqumeand ipplfnlwmas

electronics components, power electronics needed, using appropriate learning strategies, and research-

structure, and its application in the based knowledge in the flelds of EA field.

Elscamity Ao fhekd | ] PLO3: An akility to apply engineering design to produce

cLoz I

(s) rﬂz&m;mmm rml solutions that meet speciffed needs with consideration of
public health, safety, and welfare, as well as global, cultural,

ification. (C6, P7| PLO3 . q y
o3 ﬁiﬂfmdmhpem’ 2 feati PLOZ social, environmental, and economic factors in the field of EAL

(A} skills [presentation, writing. teamwork) of PLOS: Ability to apply written, orol, and graphical
power electronics systems in scientificand  PLOS  commumnication with appropriate usage of technical literature
non-scientific communities. (C6) in broadly-defined technical and non-technical envirenments,
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The next step in defining the course
outline is to develop the course content
that is tightly mapped toward the com-
prehensive CLOs. Additionally, effective
teaching-learning strategies and CLO
assessment methods must be equipped
with the content. Figure 6 shows: a) A
weekly course content/topic distribution
for Power Electronics, b) Associated teaching
methods, c) Effective learning methods
and assessment strategies, and d) Maps
of what weekly contents are relevant to
which CLOs. This systematic detailing serves
both the teachers and the students, alike
to get a clear picture of what engineering
qualities to be developed within the
course, and how to deliver and acquire
those qualities.

Active Learning System (ALS): As cited in
vision/mission and PEO statements, this
EA engineering program aims to equip
graduates with 21t-century skills (from ways
of thinking/communication to ways of
creation/system thinking) who can serve as
future human capital for tech-innovation
and techno-entrepreneurship. Therefore,
the learning method at the course

level (e.g. subject “Power Electronics”),
constructing a practical learning system,
and setting up a practice platform for
students are necessary for guiding students

Case Studies

to conduct innovative practice activities
and to have the required skill set at the
workplace.'? As shown in the weekly
content and learning activity, the Power
Electronics course is designed to train
students to be more active by assigning
them to a team to solve, simulate, report,
and present case study problems in each
lecture. Following the content definition,
the assessment and evaluation strategy
should be carried out in two strategic
categories for a course, e.g., Continuous
Assessment and Summative Assessment.
There are several assessment tools within
each of the categories that can be deplo-
yed for evaluation. Table 8 summarizes the
assessment and evaluation method

for this subject. Under the Continuous
Assessment type, four distinct assessment
tools are used, namely lab and assignment
on modeling/hardware (25%), progressive
report and presentation (25%), and tests
(10%). Midterm exam (20%) and final
exam (20%) are the two assessment tools
for the Summative Assessment type.
Another analysis, from this table, 50% of
the score is planned for CLO1's assessment.
25% of the score is reserved for CLO2's
assessment and 25% is used to evaluate
the student’s achievement of CLO3.

The student learning time (SLT) is 120
hours for 3 credits course.
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Table 8: Detail assessment breakdown for the course “Power Electronics”
in the EA Program

Categories  Assessment tools Matching
CLOs
1 Progressive report & presentation 25 CLO3 30
according to lectures
2 Continuous @b & assignment of modeling/ 25 CLO2 30
Assessment  hardware and report
3 Class Test #1 (Quiz) 5
4 Class Test #2 (Quiz) 5 cLo1 60
5 SRR Mid-Term exam 20
6  Assessment  pina| Exam 20

The final aspect of implementing the
course syllabus is the construction of the
Rubrics and Marking schemes for assessing
and evaluating each CLO. To illustrate this
arrangement, let's consider that the CLO2
for the course Power Electronics will be
assessed and evaluated. The responsible
lecturer develops the assessment question
by taking into account the topics associated
with the CLO2 and the Bloom learning
level (Cognitive skill C6: Level of Creation)
that defines the core learning objectives.
Therefore, the questions for assessing
the CLO2 in practical classes must evaluate
whether the students are able to demon-
strate the ability to create the power
electronics board by applying their acquired
domain-specific knowledge and skills. Then
to assess and measure the extent to which
the students learned the subject matter
in achieving CLO2, the Rubric associated
with the CLO is used. Figure 7 presents

the standard definition of the Rubric to

evaluate students’ outcomes for CLO2 in
this course. As shown in this Figure,

the rubric for CLO2 has five evaluation
categories that are targeted to measure
and grade five distinct qualities associated
with creative skills. Each category is scored
within the range of 0-5 marks which leads
to a maximum attainable mark of 25.

As presented in Figure 8, if a student can
obtain at least 60% marks out of 25 then
that student will pass the CLO2. This
threshold is usually fixed by the course
faculties who are the domain experts.
Using this kind of rubric offers an academic
standard, quality, transparency, and
traceability in judgment that assists the
teachers in defending how and why a
student is evaluated in relation to their
performance. Finally, the transcript of the
rubric evaluation, i.e., the student answer
scripts for CLO2 is categorically stored

in the official Google Drive folder for any
further reference and correspondence.
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Figure 7: The Rubric definition for categories evaluation of CLO2

CLO 2 Evaluation Rubric

Selection of Devices Read PE specification and device 0-5
selection

Construct PE Build PE with Active & Passive for 0-5
suitable application

Modeling PE Build device model in Matlab/PSIM 0-5

Coding in Software Improve code in M.file for executing 0-5

PE in Simulink/PSIM

Completion of project: Design suitable Hardware in the Lab 0-5
Prototypes + reports and test from the provided specific
application

Figure 8: The automatic evaluation for CLO2
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Figure 9 shows an overall evaluation sheet for PLO1 as an example of the selected
course. The CLO1 and CLO2 evaluations are presented on the top side and middle side,
respectively. The final tab automatically measures the attainment of the PLO1 depending
on the result of the mapped CLO1 and CLO2 evaluations. According to this Figure, PLO3
and PLOS attainments are highlighted as well.
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Figure 9: The automatic evaluation for PLO1
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4. Significant Results of PBL Implementation in the EA
Engineering Program

4.1 Project-Based Learning (PBL): Project Module, Outlines, Assessment

and Evaluation Plan

According to Figure 4 and Table 7, 5 main courses (Student Project Part 1 - 4 and final
year internship) are designed for PBL implementation and are crucial aspects to support
the attainments of three PEO statements in the EA program. The main idea of PBL is to make
way for students to have creative thinking skills, innovation skills, and entrepreneurship
mindset. Therefore, a proper design of the PBL project module outlines and an assessment
plan should be developed to help track the right implementation for each student.

Table 9 demonstrates the PBL project module outlines, prerequisites, assessment and
evaluation plan, and scoring.

Future of Education
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Table 9: PBL project module outlines, and assessment plan

Module Title Auto Electro Invention, Innovation, Partnership
Course Student Project Part SPP: 1 - 4 (1.5 Year), and Final Year Internship (0.5 Year)
SDG Goal #4 (Quality Education), #9 (Industry Innovation), #11 (Sustainable cities)
Duration SPP1EA: 4+ hours (face-to-face), 8 weeks; SPP2EA: 4+ hours (face-to-face),
8 weeks
SPP3EA: 4+ hours (face-to-face), 8 weeks; SPP4EA: 4+ hours (face-to-face),
8 weeks

FYIEA: weekly meeting, 8 weeks

Learning 1. Reliable reference books/articles that help to define the problems.
Resources 2. Operation manual on using software for modeling

3. Media resource; Safety guideline - Prototype + testing

Prior 1. Engineering Innovation and Ethics
Knowledge 2. Research Methodology, Communication and Interpersonal Relations

3. Electronics Design and Manufacturing

Key terms Research project, end product, electronics designer, automation system
designer

Learning At the end of this module, students should be able to:

Outcomes 1. Design a suitable economical electronics and automation system for

specific requirements (C6, P7)

2. Conduct elements of ethics and professionalism in entrepreneurship,
creativity, and innovation (A5)

Course Contents 1. Divide yourself into 10 groups - Assigned team leader and member's
and Learning role (max. 5)
Activities 2. Define the problem from given reliable references/reports on electronics

and automation systems for specific requirements
3. Project #1 --- #N: Identify resources for further reading, main HR

4. Current technology and 1 Poster Presentation on finding and collecting
more inputs - Possibilities for further improvement on the current
product > Final report of a defined topic

5. System verification: modeling - 1 poster presentation
6. Prototype + testing at Lab - Presentation on department reunion event
7. Seek investors/join the competition - Sustainability (expand production)

Summary Research capability and hands-on experience in prototype and business
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Auto Electro Invention, Innovation, Partnership

. Abstract of the project (1 page) + team leader and members’ role

. Produce a short poster (1 page) on finding references

. Produce a short poster (1 page) on the system verification (simulation)
. List down the required equipment for building the prototype in

. Prepare a short presentation to alumni/company

6. Produce a quality technical report (include all necessary elements:

7. Marketing of product: short video, magazine, ...

Team structure + Summary report from given technical reports/

2. 1 Poster presentation on the system verification (simulation) (15%)

3. Demonstration on Working prototype + test results (30%)

4. 10 minutes presentation to the private sector or pitching in

5. Final report (20%) and Marketing of product (10%)

Student’s feedback after the completion of the semester

2. Reflection by the instructors & students on the module based on

Assignment 1
2
3
4
economical ways
5
max. 8 pages)
Assessment* 1.
references (10%)
competition (15%)
Reflection 1.
students’ feedback.
Production Prototype

4.2 Significant results in PBL
implementation

For PBL implementation of this engineering
program, each student is required to
complete or be involved in a project for
about 2 years before their graduation. In
the project-based case teaching system,
students conduct their projects and seek
investment from private investors for further
business. Some students join industry
projects to strengthen their Knowledge/
Skills/Attitude toward 21s%-century skills
and be ready for the workplace. Given the
varying levels of innovative and entrepre-
neurship training programs for students,
a technological innovation mechanism

is established step by step, and innovation
and entrepreneurial ability are cultivated

in many ways. The content of innovation
and entrepreneurship education should
gradually form from the theoretical stage
to the practical stage, from the subject
curriculum to the activity content, and by
learning the hidden curriculum content

in the process of practice. Such content
should actively rely on various innovation
and entrepreneurship education platforms
in colleges and encourage the coexistence
of different objectives and types of entre-
preneurial activities. Diversity is reflected
in the content of entrepreneurship,
organizational forms, and entrepreneurial
environment to adapt to the social
demand for diversified entrepreneurial
talents. The practice teaching would be
strengthened, and the practice topic can
be decomposed from scientific research
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innovation and technology services.
Experimental material and engineering
projects would then be developed.
Therefore, the chart in Figure 10 shows
the number of projects that were imple-
mented for the academic year 2022-2023
in the EA Engineering Program. There

are 22 projects categorized into 12 projects
implemented 100% at university, 8 projects
joint with industries, and 2 projects in
collaboration with a foreign university.

Figure 11 summarizes some main
outcomes of PBL implementation that have
been developed into one final product,
one fully working prototype, three projects

that won a prize from a Techno Innovation
Challenge Cambodia 2023, and one final
product joint with industry. Figure 11a
shows the final product of project P1: the
KHQR vending machine is in full operation
and being commercialized in the local
market. The final working prototype

of the solar cleaning robot (project P2) is
presented in Figure 11b. Figures 11c and
11d show the three projects that won the
national challenge. Figure 11e describes
the success of the joint project with the
industry that can increase the revenue of
600 US Dollars per hour (150 USD/h/
production line and 4 production lines)
compared to their previous operation system.

Figure 10: C22 Projects implementation in the 2022-2023 academic year

P1: KHOR VendingMachine §

P2: Solar CleaningRobot @

P3: Building Energy Efficiency §

Pd: Automatic Hydroponlcs System @
P5: Agriculture MoniteringSystem @
P: Automatic Fin Coffes Machine @
P7: KHOR AutomaticGate @

PE: Plate Recognition for Parking '
Pa: Electric Bide @

P10: Electronics Test Kites @

P11: Dalivery Robat §

P12: EV Charging Statian +

12 projects

Faculty,
University

® 13: Auto-siide Machine for
improving L-based assembly

§ P14: Asset Tracker

@ P15: Electronics for Telecom:
Metwork Systerm

@ P16 Energy Meter

& P17: Winding machine with servo
drive and PLC

@ P18: SCADA Manage Simulation

@ P1%: loT Devices for Automation
Invihustry

& P20 Building Management Systerm
[{BMS) for AHU

2 Projects loint
Collaboration with a

Fareign University

@ P21: WoT device/system
@ P21 Image Processing System
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IFl: KH-OR Vending Machine
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i
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P3: Automatic Hydroponic System @ Tropical Arca

+ & members: | MGEE + 1
I3GEE, 3 UC (bussiness
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()

5. Conclusion and perspectives

This article studies a comprehensive and
concrete academic framework, that produce
graduates with 21st-century skill, that
comply with the benchmark mandates and
guidelines of Outcome Based Education
(OBE). We introduced the PBL approach by
setting up several series of courses that
help students to do projects within the
university or industrial projects. As a

Case Studies

Significant Outcomes of PBL Implementation

P2: Solar Cleaning Robot

(b)

P4, I'5 : Won the prize for Inmovation Chal, 2023

Sytem

= ‘Winnet Irecation 30070

+ 5 members: | HGEE, 3
I3GEE, | I3GEU

14 indcators #2 & #4

e cormplen. IO - [Rclicabors
1 & 84

= The company hired staderts to
bt thir 1Al

result, we achieved a) 8 joint projects with
industries, b) 2 projects with an abroad
university, and c) 12 projects in the insti-
tution. Among those projects, the KHQR
vending machine is in full operation

and being commercialized. The project on
the solar cleaning robot is positively
progressing and hope to get investment
soon from the private sector. Three projects
won the innovation challenge and are
planning to seek investment for further
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business. At the course level, to ensure the
achievement of defined CLOs, we intro-
duced an ALS learning method that helps
students to be more active and learn by
themselves. Moreover, we developed
effective assessment rubrics to assess and
evaluate student’s learning outcomes.

For future work, we will study the
development of a digital assessment plat-
form for every course in the new program.
Moreover, the research work on the

1 “Techno Innovation Challenge Cambodia 2023", Sala,
accessed November 2, 2023, https://www.sala.co/events/
techno-innovation-challenge-cambodia-2023.
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3 Miriam Friedman Ben-David, “AMEE Guide No. 14: Outcome-
based education: Part 3-Assessment in outcome-based
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online July 2009): 23-25.
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development of CQI for maintaining and
improving the quality of this engineering
program will be conducted.
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Digital Technology as a Tool for
Upper Secondary Education: What Do

Our Teachers Need?

A Case Study in Kampot Province

@ Pharino CHUM, Muyny CHHOM and Noy MOUNH

STEM (Science, Technology, Engineering,
and Mathematics) is an interdisciplinary
approach to learning that emphasizes the
application of knowledge and skills from
these four areas.' STEM education is
increasingly important in today's world,
as it prepares students for the jobs of the
future. This educational framework can
help students develop critical thinking,
problem-solving, and creativity skills. It can
also help them learn how to apply their
knowledge to real-world problems. STEM
education is important for all students,
regardless of their interests or abilities.

STEM education in Cambodia is still in its
early stages of development. The gov-
ernment is committed to providing all
students with the opportunity to learn
STEM and pursue STEM careers and has
therefore taken several initiatives to
support STEM education in the country.
These initiatives include:

+ The Science and Technology Project in
Upper Secondary Education (STEP-USE)
is @ USD 70 million project funded by
the Asian Development Bank (ADB).
The project aims to improve the quality
of STEM education in upper secondary
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schools by providing new facilities,
training teachers, and developing
curriculum materials.?

The New Generation Schools (NGS) are
a network of public schools that offer

a more rigorous STEM curriculum. The
NGS also have state-of-the-art facilities
and equipment, and they provide
students with opportunities to partici-
pate in extracurricular STEM activities.
The purpose of NGS is to ‘create a new
development track within the public
education system that will lead to the
creation of autonomous public schools,
which receive high investment linked
to new standards of accountability and
governance as well as professional
standards for 21st Century learning.?
For supporting the objectives of NGS,
the following activities are implemented:
Including the establishment of the
National and Subnational Oversight
Boards for coordination of NGS, and
Evaluation and accrediting Sub-committee;
create the formulation of regulation;
seeking financial suport through multiple
channels; human resource by imple-
menting the training; and prepare
investment plans. By 2017, NGS had nine



school locations in four municipalities
or provinces, including Phnom Penh,
Kampong Cham, Kandal, and Kampong
Speu, where it was formally operating.
By 2022, the MoEYS intends to expand
NGS to 100 schools and at least two
provinces.*

The Cambodia Science and Technology
Center (CSTQ) is a new center that will
provide STEM education resources

and training to teachers and students
across the country via loan from Asian
Development Bank (ADB). The CSTC will
also host STEM-related events and
activities. In the report from the president
to the board of directors, quality of
science, technology, engineering, and
mathematics teaching and learning
strengthened was one of the main
three outputs of CSTC. It is specifically
focused on the design, establishment,
and put into operation the CSTC that
serves as a link between science and
society after conducting a feasibility
assessment of the project. Through a
physical presence in Phnom Penh at the
Institute for Technology of Cambodia
(ITC) and a digital outreach program for
access in schools and communities
nationwide, the CSTC will promote STEM
in a dynamic and creative way to the
general public. Additionally, it will
connect secondary schools and industry,
as well as regional and international
STEM communities, and serve as a hub
for the STEM eco-system for teacher
training institutes and higher education
institutions for research and teaching
purposes.®

In the Education Strategic Plan 2019-
2023 and Policy on Science, Technology,
Engineering and Mathematics Education,
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the Ministry of Education, Youth and
Sport (MoEYS) has set out priorities
and strategies to improve the capacity
of teachers and academic staffs in

the field of STEM.®” The focus aims at
developing knowledge about STEM
education to teachers as well as
promoting digital education through
the integration of information and
communication technology for teaching
and learning at all levels of education.®

In addition to these government initiatives,
there are several non-governmental
organizations (NGOs) that are working to
promote STEM education in Cambodia.
These NGOs provide STEM education
programs and activities to students in rural
areas and to students from underrepre-
sented groups. They also work to raise
awareness of the importance of STEM
education and to promote STEM careers.
The combined efforts of the government
and NGOs are making a significant
difference in STEM education in Cambodia.
However: “According to MoEYS statistics
for the academic year 2018-2019, the
percentage of Cambodian students choosing
science track has significantly dropped to
about only 49% while the percentage of
students in the social science counterpart
has jumped dramatically than ever before
to 51%. This sheds a great concern for
MOEYS in aiming to enhance science and
mathematics education at upper secondary
school”. ° By promoting STEM major and
career, this could help increasing students’
interest to enrol in STEM programs at
university and choose to pursue STEM
careers. As a result, Cambodia could be
well-positioned to take advantage of

the opportunities that the 21st-century
economy has to offer.”®
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Despite these efforts, there are still
several challenges to STEM education in
Cambodia. These challenges include the
lack of qualified STEM teachers, access

to STEM resources, and low awareness
of the importance of STEM education
overall.” The above initiatives are helping
to improve the state of STEM education
in Cambodia. However, there is still more
work to be done. The government, the
private sector, NGOs, and educators need
to continue to work together to promote
STEM education in the country.

KESTI (Kampot Enrichment in Science,
Technology & Innovation) project is one such
initiative led by the Ministry of Industry,
Science, Technology & Innovation (MISTI)
in collaboration with the Embassy of India
in Cambodia and is a part of the Government
of India’s Quick Impact Project (QIP) Scheme
under the framework of the Mekong
Ganga Cooperation. The Government of
India cooperates with the Royal Govern-
ment of Cambodia (RGC) on many grants
assistance programs that contribute
significantly to the socio-economic
development of the people of Cambodia.
The RGC has a vision of becoming an
upper-middle-income country by 2030
and a high income country by 2050. To
achieve this vision, it has transformed the
three main economic pillars of garments,
tourism, and construction into an industry-
oriented economy (RGC, 2015)."2 This
requires human resources in the fields of
STEM to be more competitive in the region.
MISTI's overall mandate is to serve and
work for the development of STl in
Cambodia. STl development in the country
directly links to human capital devel-
opment nationwide. As one of the four
pillars of Cambodia’s STI roadmap 2030,
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education is an essential sector to
strengthen and invest more. By 2030,

it hopes that 50% of undergraduate
students will have earned degrees in STEM
fields, and 40% of graduate are women.'3
To ensure that the nation’s plan and
vision 2030 are realized in the education
sector, MISTI focuses on governance and
coordination. This project is novel in that
it was developed by MISTI beginning in
2020. Due to the project's practical design,
its impact will be long-lasting and it gives
stakeholders the chance to continue
implementing it. In order to encourage
students’ interest in choosing STEM for
their further education, this is intended
to address the development of human
resources in this sector. From May 2022
to June 2023, 25 STEM teachers from five
public high schools in Kampot province
participated in at least 10 trainings on
»STEM Education Instruction/Pedagogy

or How to Teach STEM Subjects” in order
to share additional knowledge about the
STEM Education framework on pedagogies
and learning methods that provide in-depth
analytical skills, problem-solving skills,
and collaboration using the most recent
technologies.™

This academic paper provides a case
study and recommendation for
implementing digital transformation

in post-secondary education from urban
and rural teachers' perspectives to equip
them with adequate digital technology
skills.

We conducted 10 training modules on
digital technologies for teaching and
learning STEM subjects (mathematics,
physics, chemistry, and biology) to over 25
teachers from five selected high schools



in Kampot province. We conducted surveys
on their knowledge and their challenges in
using digital technology to support teaching.
We reviewed their baseline knowledge

of digital technology for education and
improvement after training. We shared the
lessons learned during our project,
challenges and recommendation for inte-
grating digital technology in teaching and
learning STEM subjects effectively.

This paper aims to capture the interest
of young educators and educational
policymakers in practical challenges in
implementing digital technology in urban
and rural high schools in Cambodia.

Research methodology

The online questionnaires were used as

a tool to collect data from participants in
our research. The participants were STEM
teachers from all 5 target schools that
participated in the KESTI project. The
questionnaires were organized into two
categories: closed form and open form.
Researchers have developed a series of
questionnaires focusing on two main
areas: STEM education methods and tools
for teaching and learning STEM subjects.
Before delivering the questionnaires’ link
to participants via Telegram and Google
Classroom, STEM trainers and project
coordinators examined and tested them
in Google Forms.

The selection of participants in this study
involved the identification of suitable
participants from a database of 25 STEM
teachers in the five target schools of the
KESTI project. The selected partcipants
teach STEM subjects, including mathematics,
physics, and chemistry, or biology. The
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project was conducted in Kampot province
for a period of 9 months, from September
2022 to May 2023. The questionnaires
were conducted through the Google
Forms in Khmer language to accommo-
date the participants’ language proficien-
cy. The data was recorded in the report

to ensure accuracy and allow the analysis
of the participant's responses in order to
align the research findings.

+ Desk review: We critically evaluated
and cross-referenced national sources
to clarify their credibility, reliability, and
relevance. Throughout the process,
the source of references was carefully
selected based on STEM teaching
methods in national and international
trends.

* Online questionnaire: This pilot
testing helped identify the knowledge
STEM education level of STEM teachers
and high school students. Once finalized,
the questionnaire was distributed to
participants by Telegram App. Using this
digital platform ensured a broad reach
and was commonly used, and timely.

The data analysis process in this research
used both quantitative and qualitative
methods. In the quantitative method, the
raw data was screened and cleaned in
Microsoft Excel, plot the graph by using
Microsoft Power Bl desktop.'

Statistical tests were then performed to
identify communication patterns and
significant differences among the data.
Quality data obtained from participants’
feedback was collected through keyword
identification. We have defined recurring
shapes and assigned codes to sections of
these data, facilitating their preparation
and interpretation.
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Both datasets were then aggregated and
summarized to provide an overview of
the research results. Descriptive statistics
such as percentages and frequencies were
used for sector quantitative data, while
topical analysis was used for qualitative
data. Throughout the process, we relied on
data visualization techniques to present
our findings clearly and efficiently. We also
used case studies from the data collected
to highlight specific points or topics,
adding depth and context to the study’s
findings. This approach ensures a com-
prehensive and clear understanding

of teaching methods and tools for STEM
education.

Result and discussion

Among all STEM teachers, 38.1% of them
have teaching experience over 10 years.
Teaching load is between 13-18 hours per
week. Among all teaching subjects, 47.6%
report that they did not conduction any
experiment in their teaching subject at all.
Moreover, in the past five years, 57.1% of
them have not had much capacity building
or training to strengthen their professional
skills. Among the remaining, 42.9% who
have been participating in any trainings,
most of those reported having at least 5
years of experience in STEM subjects. This
experience could be valuable in imparting
subject knowledge to students effectively.
However, the challenge also came up
when teachers had to handle various
classes simultaneously, as mentioned in the
respondents’ feedback. All teachers report
the challenges faced by science teachers
in Kampot Province, citing the need for a
balanced mix of 1) appropriate workload
management, 2) dedicated time for
experiment preparation, and 3) continuous
professional development.
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Based on the pre-survey and post-survey
results from 10 modules that are shown
in Figure 1. It is evident that the training
had a significant impact on improving
teachers' knowledge about STEM teaching
methods. In the pre-test, 43.5% of teachers
answered incorrectly regarding STEM
definition and 21.7% of teachers answered
incorrectly regarding STEM education,
indicating a lack of understanding of the
concept and principles. After the training,
the number of incorrect answers on

the STEM definition and education was
reduced significantly to 4.8% and 0%,
respectively. These results have shown that
the training effectively enhanced teachers
understanding of the STEM concept and
had a profound impact on teachers’
comprehension of STEM education principles.

7]

Related to teaching methods, Construc-
tivism Learning, Inquiry-Based Learning,
Problem-Based Learning, and Flipped
Classroom methods were put into

the questionnaire for pretest and posttest.
Before the training, the result of the
pre-test showed that 17.4%, 65.2%, 88.2%,
and 82.4% were incorrect answers on

the method of Constructivism Learning,
Inquiry-Based Learning, Problem-Based
Learning, and Flipped Classroom, respec-
tively. This suggested a considerable lack
of understanding and knowledge about
the learning approach, student-centered
approach, and innovative teaching method.
After the training all teachers incorrectly
answered 0%, 38.1%, 35.7%, and 14.3% on
the method of Constructivism Learning,
Inquiry-Based Learning, Problem-Based
Learning, and Flipped Classroom respec-
tively. The improvement is notable - the
training effectively clarified the concept as
well as enhanced teachers’ knowledge of
all methods.
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After the training, the percentage of various STEM teaching methods and tech-
incorrect answers decreased in all areas, nology. However, the findings also indicate
demonstrating the effectiveness of the that some areas, such as inquiry-based
training program (Figure 1). Overall, learning and problem-based learning, may
the results of the pretest and post-test require additional attention and support
assessments clearly indicated that the in future training sessions to ensure a
KESTI training had a positive and significant deeper understanding among educators.

impact on teachers’ understanding of

Figure 1: The result of pre-test and post-test on the STEM education and teaching
methodologies
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Further questions on teaching pedagogies, there were the top two problem-teaching
strategies teachers frequently used which are imitating learning and the divide-and-conquer
approaches for problem solving in the classroom. Solving similar problems was perceived
as the most useful strategy suggesting that teachers recognize the importance of providing
students with a step-by-step approach to problem-solving. This approach allowed students
to build their confidence and competence gradually before tackling more complex problems.
Furthermore, the use of unanimous or separated approval indicates that teachers

value group discussions and individual validation, which can foster a collaborative learning
environment and address individual learning needs effectively.

Additionally, the study identified the lack of materials and large class sizes as significant
barriers to effective teaching. These findings also aligned with Figure 1, which mentions
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the result of a high percentage of teachers
reporting no experiment preparation.
Based on these results, it was clear that
there is a need for education policies and
partnerships to address these challenges
and enhance the quality of teaching and
learning. By implementing these strategies

and prioritizing continuous professional
development, education stakeholders can
empower teachers with effective problem-
solving strategies and overcome barriers
to teaching, leading to improved learning
outcomes and a more enriching
educational experience for students.

Table 1: Ranking accessibility of using content creation and management for

the classroom

(six ranking levels: 0 means the subject is not familiar with introducing software/application,
while 5 means efficiently using software/application. Interactive presentation application:
Microsoft PowerPoint, libre office. Video recording: Mobile recording app, Zoom, OBS studio.
Video Editing: VN for Mobile, Openshot. Content Management: Youtube, Google Classroom.)

Interactive Video . .. . . Content
presentation Recording Video Editing  Video Hosting Management
Pre Post Pre Post Pre Post Pre Post Pre Post
Rank
0 76.5% 7.1%  29.4% 0% 64.7% 0% 58.8% 0% 76.5% 0%
Rank
1 235% 714% 471% 143% 235% 71% 29.4% 71% 17.6% 14.3%
Rank
5 0% 57.1% 11.8% 21.4% 5.9% 429% 11.8% 42.9% 5.9% 42.9%
Rank
3 0% 28.6% 11.8% 50% 5.9% 35.7% 0% 50% 0% 35.7%
Rank
4 0% 0% 0% 14.3% 0% 14.3% 0% 0% 0% 7%
Rank
5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

The results from Table 1 highlighted a concerning lack of knowledge and utilization of
technology tools for creative teaching and learning among science teachers. The percen-
tages of teachers who had never known or known but never used various technology
tools, such as video recorders, video editing software, video hosting, content management,
and interactive presentation programs, were notably high. This lack of familiarity with
technology tools was consistent with the first findings, with many teachers reporting a
lack of materials, no time to prepare experiments, and limited training opportunities to
enhance their skills and knowledge.
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These connected findings point to the urgent
need for focused professional development
initiatives that concentrate on incorporat-
ing technology into instructional strategies.
The difficulties of material shortages and
inadequate preparation for classroom
experiments can be addressed by education
stakeholders by giving science instructors
training and support in using digital tools
efficiently. This should enable them to
create engaging and interactive learning
experiences. Emphasizing the use of
technology in the classroom can ultimately
result in better teaching techniques and
student learning results by bridging the
knowledge gap between teachers and its
practical use in the classroom.

After training, STEM teachers had shown
improvement in their understanding of
video recorders, video editing software,
video hosting, content management, and
interactive presentation programs, reaching
a level described as ,some"” and ,medium.”
This progress demonstrated the effective-
ness of the training in enhancing teachers
knowledge of these technology tools.
However, the finding also suggested that
further training and support were needed
to help teachers confidently apply these
tools in the classroom effectively. Education
stakeholders should continue offering
continuing, focused training sessions that
emphasize hands-on experience and
real-world classroom integration in order
to close this knowledge gap between
theoretical understanding and practical
application. Additionally, promoting a
culture of continual improvement in
teaching practices can be accomplished
by creating a welcoming environment
where teachers have access to resources
and technical help. By doing this, science

7]
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educators can use technology to develop
more interactive and engaging lessons that
will ultimately improve student learning
outcomes and educational quality.

Figure 2 illustrated technologies as tools
were considered very important in teaching
and learning, with 100% agreement
among teachers. Zoom, Telegram, Group
Telegram, Messenger, Google Meet, and
computers were frequently used in the
teaching and learning process as well as
technology applications for sharing
videos. Further evidence of the beneficial
effects of professional development on
technology integration in the classroom
came from the fact that instructors'’
proficiency with Geogebra significantly
improved following training, with the
percentage of right answers rising from
12.5% to 66.7%. These results imply that
educators had accepted technology as a
useful tool for instruction and had gotten
better at utilizing it for educational objec-
tives. However, in order to fully utilize the
advantages of technology in education,

it is crucial for education stakeholders to
maintain and provide continuing support
and training to ensure that instructors
are proficient with and confident using these
technologies.!® A culture of innovation
and the sharing of best practices among
educators can also promote the use of
technology in the teaching and learning
process, resulting in more interactive
and engaging learning opportunities for
students and ultimately improving overall
learning outcomes.
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Figure 2: The description of common tools and programs for using in the classroom
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Conclusion and recommendation they need to provide students with a
high-quality educational experience by
In conclusion, the thorough examination of putting the suggested strategies of

the findings offers insightful information continuous professional development,
about the situation of high school science collaborative learning, resource allocation,
educators in Kampot Province, Cambodia. technology integration training, and

The information revealed the difficulties promoting innovative teaching practices
teachers face, the benefits of KESTI into practice.

training for STEM teaching strategies and

technological literacy, the urgent need To address the identified challenges and
for targeted professional development in further improve STEM education in Kampot
technology integration, and the significance Province, Cambodia, the following

of addressing material shortages and suggestions are recommended:

large class sizes. Education stakeholders

can collaborate to overcome obstacles, * Continuous professional develop-
improve teaching methods, and ment: To provide instructors with the
give science teachers in Kampot Province, skills and knowledge they need, create
Cambodia, the support and resources continuing, targeted professional
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development programs that concentrate
on STEM teaching techniques, technology
integration, and problem-solving
techniques."”

Collaborative learning and support:
Promote regular sharing of effective
teaching strategies and best practices
among instructors to foster teamwork.
Create a welcoming environment where
educators may ask questions and ex-
change experiences, thereby improving
the effectiveness of instruction.®

Resource allocation: Promote regular
sharing of effective teaching strategies
and best practices among instructors
to foster teamwork. Create a welcoming
environment where educators may ask
questions and exchange experiences,
thereby improving the effectiveness of
instruction.

Technology integration training:
Provide instructors with specialized
training to help them become more
comfortable using technology tools in
the classroom. To increase teachers'

Case Studies

comfort level and technical competence,
offer continual support.™

+ Cultivating innovative teaching
practices: Promote a culture of innova-
tion in teaching by encouraging teachers
to experiment with new teaching
methods and technology tools. Recognize
and celebrate innovative practices that
lead to improved learning outcomes.

By implementing these suggestions,
education stakeholders can work collabo-
ratively to overcome challenges, enhance
teaching practices, and provide science
teachers with the necessary support and
resources to deliver a high-quality learning
experience for students in Cambodia.
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