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Preface

This edited volume consists of papers selected from the 6th International Conference on
Technology in Education (ICTE 2023), which was held during 19-21 December 2023.

Technology has become an integral part in virtually all aspects of education, broadly
covering curriculum planning, content development and delivery, communication among
learners, instructors and institution, assessment and programme evaluation. Enabled by
the latest technological advances, new and innovative measures are derived to improve
teaching and learning effectiveness for education at all levels.

The recent outbreak of the COVID-19 pandemic has radically changed teaching and
learning practices with innovative uses of technologies. Many changes are irreversible
in the sense that these new practices continue even after the pandemic. Taking the theme
“Innovative Practices for the New Normal”, ICTE 2023 serves to provide a platform
for relevant academic exchanges across educational institutions, focusing especially on
sharing of new research findings and good practices in this new normal era.

ICTE 2023 attracted a total of 75 submissions from authors on different continents.
After a careful paper review process, where at least two single-blind reviews were con-
ducted for each submission, 30 papers were selected for inclusion in this volume. These
papers are organized in six sections: (1) keynote papers, (2) online and innovative learn-
ing, (3) personalized and individualized learning, (4) smart learning environment, (5)
artificial intelligence in education, (6) institutional strategies and practices.

Our sincere thanks go to the organizing committee for their effective administra-
tion and unfailing support to make ICTE 2023 successful. Our thanks also go to the
international programme committee. The high quality of the papers could not have been
maintained without their professional comments and advice in the paper review process.

December 2023 Simon K. S. Cheung
Fu Lee Wang

Naraphorn Paoprasert

Peerayuth Charnsethikul

Kam Cheong Li

Kongkiti Phusavat
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Reimagining Education Systems: How Research
on Digital Learning Can Inform Pedagogical
Practice

Som Naidu®

Technology, Education and Design Associates, Melbourne, Australia
sommnaidu@gmail.com

Abstract. The COVID-19 pandemic showed how vulnerable contemporary edu-
cation systems are to change and disruption to their operational models. The fact
that entire education systems globally had to shut down their learning and teaching
operations during the pandemic, or move on to a minimalist form of it, requires a
critical re-examination of our core business models. Educational provision glob-
ally has been under stress long before COVID-19 struck. While the demand for
education and re-education grows exponentially, resources and opportunities for
the provision of these opportunities are under strain globally. Preliminary assess-
ments of the readiness and resilience of existing models, reports that contemporary
education systems are unfit and unsuited to lead learning for tomorrow, and that
a re-imagination and re-engineering of institutional choreographies is required.
Such a rethink and re-imagination requires greater levels of openness and flexi-
bility in its modus operandi in order to be more resilient to change and disruption.
This will involve a rethink and re-imagination of everything from how students
access learning opportunities, to how they are taught, assessed and supported by
teachers and educational institutions, and importantly, how technology can be used
to inform and support pedagogical practices.

1 Introduction

Few would have imagined that the COVID-19 pandemic could cause so much grief
and havoc to our operating systems. We hadn’t seen anything like it since the 1918—
20 Spanish flu epidemic. Although there have been several smaller and more regional
outbreaks since then, these have never had the impact of the COVID-19 pandemic. In
the case of education, the impacts of the COVID-19 pandemic have been indiscriminate.
From resource rich Ivy Leave institutions to the rest, all education systems had been
gravely impacted, forcing them to shut down their operations, and resort to a minimalist
form of it to remain viable (JISC 2021). The pandemic revealed how unprepared and
ill-equipped the education sector globally, has been for the disruption of its educational
operations and core business models.

It is imperative therefore, that we ask how it has been possible for our educational
operations to be compromised so completely? Why so many of our education systems
universally have had to shut down their learning and teaching activities, or resort to a
minimalist form of operation? What does this say about how we have been preparing

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2024
S. K. S. Cheung et al. (Eds.): ICTE 2023, CCIS 1974, pp. 3-12, 2024.
https://doi.org/10.1007/978-981-99-8255-4_1
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our learners and teachers for the contemporary educational space? How prepared are
educational institutions for a digitally enhanced and future-focussed education system?
But more importantly, how are contemporary universities defining their places in a
diverse and competitive environment, and rethinking and redesigning their institutional
choreographies to meet the challenges posed by disruptive forces such as COVID-19?
(Ernest & Young 2018).

2 Can Contemporary Models Lead Learning for Tomorrow?

A 2020 study of the Australian education system carried out by CISCO (https://bit.ly/3uT
W3kl https://bit.ly/3Bp10UP), asked how are Australian education institutions reimag-
ining their core functions? The goal of this study was to understand how universities, and
TAFEs (Technical and Further Education Institutions) in the Australian education con-
text are reimagining their core functions—namely, teaching, research, administration,
and campus design, in the wake of the COVID-19 pandemic. Seventy-eight percent of
Australian Universities and five out of seven TAFEs responded to this survey. The survey
revealed that COVID-19 pandemic served as a tipping point for open, flexible, online and
distance learning (OFDL) causing campus-based operations to reconsider their business
models. After decades of existing on the margins of mainstream processes, open, flexible
and distance learning (OFDL) was suddenly being seen as the only viable, and possibly
the most resilient form of education available (Dede & Lidwell, 2023).

The CISCO study also revealed that it is not just the physical campus spaces that
are changing, but that all university functions are being reimagined in the wake of
the pandemic. These include all teaching and learning functions, the student learning
experience, research and industry engagement, as well as administration. The overall
message of this study has been that COVID-19 will change education, and that the design
of the physical campus will never be the same again.

So then, what would that rethink and recalibration of educational as well as institu-
tional choreographies for a future focussed education look like? To allow for greatest
resilience in institutional operations, such a reimagination will have to feature ideas
around openness and flexibility. Openness and flexibility are value principles. As such
they are unlike modes of learning such as distance, blended, hybrid or face-to-face
learning. Openness and flexibility exist in all modes of learning in different degrees.

The idea of open is deeply grounded in a socio-political agenda which seeks education
for all as the path to real freedom and justice (see Table 1). It comprises the practice of
open access, open learning and open scholarship. Open access is about inclusive and
equal access to educational opportunities without barriers such as pre-requisite entry
qualifications or ability to pay. The idea of open access is based on the premise that all
lives have equal value, and as such everyone has the right to education—not just the
privileged few who are able to access and afford the physical campus-based experience.


https://bit.ly/3uTW3kl
https://bit.ly/3Bp10UP
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The idea of open is also about flexibility in relation to the time, place and pace of one’s
learning activities. This is about freedom of choice and being able to exercise it without
being locked into a mode or pattern that is based on the preferences of the educational
institution. And finally, the idea of open comprises the practice of open scholarship
which is about the adoption of a culture of openness in relation to how content and
intellectual property is shared with others for use, adaptation and redistribution, and
at no cost. This dimension of open educational practice is based on the premise that
education, not unlike food, water, and shelter is a basic need that should be accessible
to all for an equitable social structure.

Table 1. Dimensions of Open Educational Practices

Dimensions of Open education | Pedagogical affordances

Open access This is about inclusive and equitable access to educational
opportunities without barriers such as entry qualifications and
ability to pay. It is based on the value that all lives have equal
value

Open learning This is about the ability to learn at anytime, anywhere and at
any pace. It is based on the principle that learners ought to
possess the freedom and the flexibility to choose their mode,
medium, time, place and pace of study

Open scholarship This is about releasing one’s intellectual property under an
open license scheme that permits no-cost access, use,
adaptation and redistribution. It is based on the value that
education is a basic need that should be accessible to all, if we
were to achieve education for all, freedom, justice and
equality

Flexible learning on the other hand, unlike modes of learning, is a state of being
in which the acts of learning and teaching are increasingly freed from the limitations
of its time, place and pace. For learners, flexibility in learning can include choices in
relation to their learning activities, assessment tasks and the time, place and pace of
their completion. For teachers this kind of flexibility can comprise choices in relation
to the time, place and pace of their communication and engagement with learners as
well as the educational organization. Flexibility is a desirable value much like how
society regards fairness and equality as desirable goals. Flexibility exists in all forms of
communication between teachers and learners, although to varying degrees and along
several dimensions. These include flexibility in relation to learner’s engagement with
the subject matter, their teachers, peers, the learning environment, and the educational
institution (Table 2). This also includes learners’ engagement with their assessment
activities, and teachers’ feedback on them. It is about how learners might prefer to
interact with the content and critical stakeholders in their learning environment.
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Table 2. Dimensions of Flexibility

Dimensions of Flexibility Pedagogical affordances

Learner-content engagement This is about learners’ engagement and interaction
with the subject matter in ways that suit
individuals, and their approaches to studying and
its time, place and pace

Learner-teacher engagement This is about choices learners have in relation to
the mode and method of their engagement and
interaction with their teachers and tutors

Learner-learner engagement This is about choices learners have in relation to
the mode and method of their engagement and
interaction with their peers in small and large
groups, and in offline and online educational

settings
Learner engagement with the learning This is about adaptable access, interaction and
environment engagement with the learning environment (such

as with mobile devices, Wi-Fi access and
innovative use of study space)

Learner engagement with assessment This is about choices learners have in relation to
activities the fulfillment of their assessment requirements
Learner engagement with feedback This is about choices learners have in relation to

access to feedback on their learning and
assessment activities

Learner engagement with the institution | This is about choices learners have in relation to
their engagement with the services of the
educational institution

3 Useful Lines of Inquiry—The Grand Challenge

Openness and flexibility in learning and teaching are relevant in any mode of study
including campus-based face-to-face educational operations. As such, one size or app-
roach to open and flexible learning does not, and will not fit all learners, teachers or
disciplines. There will be a need for different approaches, with different levels of open-
ness, flexibility, structure and guidance for different cohorts and learning contexts, while
the threshold value principles of all approaches remain the same (Naidu, 2017).

The idea of openness and flexibility are not synonymous with mode or models of
learning and teaching. And therefore, engagement with openness and flexibility does
not mean the death of the campus-based experience. These value principles can, and
do exist in distance learning, online learning, blended learning, hybrid learning, hyflex
learning, as well as campus-based learning contexts. Decisions around the choice of
levels of openness and flexibility in these educational contexts will vary according to
their orientation and educational philosophy. Those institutions that purport to be open
education operations, for instance, will have the balance tipped in favour of greater
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openness and flexibility, while conventional campus-based educational settings will tip
the balance in favour of less openness and flexibility in their operations.

While there are attempts at integrating openness and flexibility in all of the fore-
going educational contexts, currently they exist in boutique form, on the side and the
peripheries of mainstream practices. Moving these operations, to the center and into
mainstream educational processes is the greatest challenge facing institutions. This
requires an enterprise-wide rethink of educational and institutional choreographies. And
as increasingly wider range of technologies become available with more powerful affor-
dances for integrating openness and flexibility in learning and teaching, a useful line of
inquiry ought to be to see how these can support and leverage greater levels of openness
and flexibility in education systems.

While the imperative to invest in greater integration of digital technologies might
seem obvious for many, how these technologies can be used to leverage openness and
flexibility in education systems ought to take center stage. What would education sys-
tems that adopt technology to promote openness and flexibility look like? What would
be different about them in how their education services are organized and managed?
How would role and responsibility in relation to teaching be reorganized? How would
academic staff be appointed to positions, and under what terms and conditions? How
would academic staff have access to requisite professional development? What kinds
of policy frameworks will be required for such future-focused education systems and
institutions? Most importantly, what would be different about these considerations from
the way they have always been (Peters et al., 2020; UNESCO, 2020)?

4 How Research on Digital Learning Can Inform Pedagogical
Practice

Great teaching is about grand designs! This kind of teaching requires careful thought
to, not only the subject matter that will need to be taught, but how it will be taught and
what tools and technologies will be used by teachers and learners. Great teaching is
when students have learned. And this requires not only an in-depth understanding of
the subject matter content, but also the pedagogy, and the technology that will be used
to mediate the transaction. Seen in this manner, teaching is a design activity not unlike
the work of engineers, architects, or choreographers (Lee, 2023; Kolodner, 2023).
While great teaching is informed by a knowledge of the learning sciences, it is also
an outcome of creativity (Myers, & Adams-Budde, 2016; Robinson, & Aronica, 2015).
At the heart of synergies derived from this kind of expertise lies knowledge about tech-
nology, the pedagogy and the subject matter. Popularized as technological pedagogical
content knowledge (TPACK), this framework has its origins in Shulman’s (1986) idea
of pedagogical content knowledge (PCK), which is knowledge about learning and cog-
nition. When combined with technological, and subject matter knowledge, these three
knowledge domains provide the critical ingredients for the design of productive learning
experiences, and great teaching is the about the design of these learning experiences.
Seenin this way, the term delivery becomes an inadequate descriptor of what goes into
teaching. Teaching is not about “delivering” anything to anyone (Clark, 1994). It is about
the design of productive learning experiences, which requires getting the “mixture right”
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between how much of it is going to be one-on-one or group-based, face-to-face, online,
at a distance or blended. The one-to-one model of learning—although powerful, is not
necessarily the gold standard. As such there can be no generalizable model of teaching
(Dron, 2022). From independent study to group-based learning, design is critical to the
development of effective, efficient and engaging learning experiences. In the case of a
lecture, for instance, along with defining its focus and scope, a teacher needs to research,
compile and present the subject matter content, considering issues such as sequence and
timing, the audience and the ambience of the venue in order to ensure achievement of
the goals of the lecture and ensure maximum impact.

The adoption of new tools and technologies to leverage key teaching and learning
functions is an important part of that consideration (Fobes, & Kaufman, 2008). Digital
technologies support a wide range of affordances for teaching and learning. As these
tools and technologies become more accessible, teachers as well as learners will need
to regularly reskill themselves in order to be effective and efficient in the contemporary
educational space, where the delivery and mediation of the subject matter knowledge is
but a small part of the teaching and learning transaction.

5 Useful Lines of Inquiry—What is Worth Investigating and How?

There is a lot that we already know about human learning. Therefore, putting a finger on
what is worth investigating is key (Glassman 2001). This is not only about identifying a
worthwhile research question but also making sure that it is a researchable question—
which means that the research question is framed in such a way that it can be reliably
and validly investigated. When identifying what is worth investigating, it is important to
remember that you are joining a conversation, so make sure you have something “unique”
to say on the topic. Most submissions for publication consideration are rejected because
they make little contribution to the conversation, or issues confronting the field, or they
are not contextualized, and as such not aligned with the aims and aspirations of the
targeted publication outlet.

Contributions for publication consideration need to be aware of what is known, and
not known about a topic, what is worth investigating, and why we need to bother with it?
Consequently, the literature review is central to this task (Gredler and Sheileds 2004).
A good literature review is a lot more than a summary of what has been done or said on
a topic. A good literature review synthesizes all that has been done and said in relation
to a query or question. It is only when this is achieved, that it is possible to arrive at the
research questions which point to what is not known about the topic and which is worth
investigation or further research.

Clear research questions are critical to the next step in the process which is the
selection of the appropriate research methodology. There are several research methods
to choose from, and these vary from pure experimental designs to more ethnographic
approaches, and both may comprise the use of quantitative as well as qualitative data
gathering tools. A great deal of care is required in matching research questions with
appropriate research methodology. Insistence on methodological rigor is crucial in this
process (Naidu, 2015a, 2015b). A lack of methodological rigor or a substantial aware-
ness of the existing literature are the most common reasons for the failure of a lot of
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submissions (Mishra, Sahoo, & Pandey, 2021). The focus on typical questions is also a
common problem facing submissions for publication consideration. These include over-
researched questions about the difference between online and campus-based models,
whether institutions should specify the mode of learning on the award or certification,
the perception in industry and academia of online education, and what needs to be done
so they can be treated equally.

At first glance, these lines of questioning look interesting and relevant, but on closer
look they are fundamentally flawed. For starters, comparing modes of learning and
teaching is not only difficult because iterations of a mode are likely to differ, but also
not very useful unless the conditions of learning and teaching that are being compared
are exactly the same across educational contexts. If one chooses this as a focus then
a more useful line of inquiry might be to look for insights on particular attributes or
affordances of learning and teaching. Table 3 provides some insights on how best to
approach investigating the affordances of these attributes and particular pedagogical
practices.

Table 3. Useful lines of inquiry

Pedagogical practices Pedagogical affordances

1. Open access * How does access to learning opportunities
influence key educational dimensions such as
participation and socio-economic development
of individuals and societies?

2. Open learning * How does various levels of flexibility in
learning and teaching influence key
educational dimensions such as participation,
persistence and success with learning and
teaching?

3. Open scholarship * How does open access to content and products
of intellectual outputs and educational
resources influence learning and teaching
experience design?

4. Learner-content engagement * How can technology be used to support
learners’ engagement and interaction with the
subject matter in ways that suit individuals,
and their approaches to studying and their
time, place and pace?

5. Learner-teacher engagement How can technology be used to provide
learners with choices in relation to the mode
and method of their engagement and
interaction with teachers, tutors and other

agents?

(continued)



10 S. Naidu

Table 3. (continued)

Pedagogical practices Pedagogical affordances

6. Learner-learner engagement * How can technology be used to provide
learners with choices in relation to the mode
and method of their engagement and
interaction with their peers in small and large
groups, and in offline and online educational

settings?
7. Learner engagement with the learning * How can technology be used to support
environment adaptable access, interaction and engagement
with the learning environment?
8. Learner engagement with assessment * How can technology be used to provide
activities learners with choices in relation to the

completion of their assessment requirements

9. Learner engagement with feedback * How can technology be used to provide
learners with choices in relation to their access
to feedback on their learning and assessment
activities

10. Learner engagement with the institution | * How can technology be used to provide
learners with choices in relation to their
engagement with the services of the
educational institution

6 What Authors Ought to Know About Best Practices in Publishing

There are many things that researchers need to consider and be able to do in order to
ensure that their work gets published in the targeted publications (Hartshorne, Ferdig, &
Bull, 2021). Many of these considerations have to do with being familiar and conversant
with the peer review, and the publications process, and how to negotiate that space. These
include following the stipulated guidelines of the targeted publication, its conventions
and publication style. Other factors have to do with the contribution of one’s research to
the wider community and society more generally.

The ultimate goal of research is to make a contribution to knowledge. In order to
be able to do so, one needs to possess a very deep and complete understanding of the
literature on the topic. It is only when this is achieved that one is able to identify what is
not known about a topic, and therefore worth exploring and investigating. These are your
research questions and only when this is known and decided upon, that it is possible
to select the approach to the investigation (i.e., the research method). Problems with
selecting an appropriate research method usually arise when the research question is
unclear or poorly articulated. Matching the research question with a research method
is crucial to the success of a project. Compromising on methodological rigor is never a
good idea, and it should not be negotiable.
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The importance of getting these steps right in the conduct of any research cannot be
overstated, and not negotiable. These attributes of a research project, unlike its compo-
sition, argumentation and adherence to publication style etc., cannot be fixed after the
research is conducted just as the foundation stones of a building cannot be replaced once
the building is built. As such, the fate of the publication is sealed long before it reaches
its reviewers (Naidu, 2021). Getting this right in the conceptualization and the design
phases of the research project will very likely assure publication of its outputs.
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Abstract. Technology becomes the essential connector of transdisciplinary edu-
cation as known as STEM education and as the tool for enhancing learners to
become a technologically literate person and use information and technology as
young innovators. However, there were many studies aimed on the learning innova-
tion developments but only a few teachers could choose or access the appropriate
platform to integrated technology in their lessons. This study aimed to survey
the similarities and the different views about the nature, purposes, and functions
of technology in education between 17 CiRA Core agent-teachers and 69 user-
teachers to using CiRA Core through an open-ended questionnaire. Data were
analyzed by content analysis, and all codes were then categorized to find the pat-
terns and become the theme. The results visualized the 3 aspects which included
the nature, the purposes, and the functions present the characteristic of reflection,
connection, and driving the integrated technology of CiRA Core in the instructions
consecutive. The most different view between them was found at the purpose of
integration of technology connects the new norm teaching (differ 47.31%), while
the most similarity view between them was found at the purpose of integration of
technology connects the 21st classroom. However, this study found out the most
average differ view of nature of technology. That would become an important
issue for the future study of professional development to emphasize this aspect
for more synchronizing between the developer-teachers and the user-teachers to
integrate technology in the instructional design.

Keywords: nature of technology - STEM education - technology education -
CiRA-Core

1 Introduction

One of the important goals in education is to prepare students to become active citizens
(Maass, Geiger, Ariza, & Goos, 2019). The idea of connecting different disciplines is not
new to science education since the concept of STEM (STEM Education) is defined and
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disseminated widely. To connect students to real and complex problems in everyday life
(Roehrig, Dare, Ellis, & Ring-Whalen, 2021). STEM education become an alternative
approach to bring learners achieve the above goals (Ra-Ngubtook, 2020).

The CiRA-Core platform is an educational innovation that promotes problem solving
for students. Through the integration of technological thinking together with the Engi-
neering Design Process (EDP) (Han & Kelley, 2022), students learn the concept of deep
learning artificial intelligence regarding computing. Working like human neural net-
works, artificial intelligence leads to innovation in science and technology, engineering
or medicine (Kittichai et al., 2021; Klinieam & Noiying, 2021. In Thailand, CiRA-Core
platform has been used to train students at the secondary school level through indepen-
dent study using the image detection process to innovation from Classes such as sorting
coffee beans, Facial detection instead of checking student names, Food classification
analysis, etc. The platform is therefore an alternative for classrooms that aim to develop
students to have the characteristics of problem solvers (Sung & Kelley, 2022) based on
empirical evidence to indicate the effectiveness of solutions (Roehrig et al., 2021).

Consequently, preparing teachers to be able to effectively teach STEM through
CiRA-Core by integrating technology is challenge efforts (Wang, Chen, Hwang, Guan, &
Wang, 2022) One of the challenges is how to connect teachers’ perspectives or beliefs
towards the goal of STEM, how to engage teachers use technology in STEM (Icel, 2018)
from the level of using technology as a teaching tool to another level which learners as
a maker or problem solver using Al. To level up teachers use artificial intelligence tech-
nology, understanding teachers’ perspectives of using CiRA-Core is the main goal of
this study.

1.1 Objectives

To compare teachers’ views as teacher developers and teacher users regarding the CiRA-
Core platform.

1.2 Literature Review

The professional development program becomes a shared learning space between a
group of teacher developers (Developers) who play the role of training organizers with
user teachers (Users) who play the role of training participants (Srikoom, Hanuscin, &
Faikhamta, 2017). Previous studies indicated that most teachers still do not understand
learning management with technology, such as the nature of technology, knowing how
to use technology effectively and the notion that technology aims to respond to human
needs (Bybee, 2010; Pleasants, 2020). Technology can be a process with clear goals and
have the possibility of errors in technological systems (Kruse, 2013). The social context
affects the creation of technology (Bybee, 2010; Kelley & Knowles, 2016). In this study,
we combined the concept of the nature of technology and the integration of technology
with teaching specific content knowledge (TPACK) (Mishra & Koehler, 2006), into a
conceptual framework as follows;

1) Natures of Integration Technology (NOIT); Using knowledge along with the
integration among other disciplines such as science by considering social context.
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2) Purposes of Integration Technology (POIT); Connecting students to everyday life
situations by focusing on using scientific, mathematical, or technological knowledge
to solve problems. Connecting learning experiences with technology, innovation,
artificial intelligence or big data develops 21st century skills.

3) Functions of Integration Technology (FOIT); Representing the view of technology as
a subject, knowledge or information. Understanding the operation of technological
processes or technological design processes.

2 Data Collection and Research Methodology

This research is qualitative research using a multiple case study in order to compare
the views between two groups of research participants: Group 1, a group of 17 teacher
developers (as Al, A2, A3 ... Al7, respectively). These participants play a role as a
leader and facilitator in using the Cira-Core platform. This group of teachers has at
least 12 months of experience in using the Cira-Core platform. The second group is a
group of 69 teacher users. They (as B1, B2, B3 ... B17, respectively) have the role of
regular teachers who participate in training on using the Cira-Core platform. They have
previous experience using the Cira-Core platform prior to training less than 3 months of
experience teaching or attending training.

The researcher developed and used an open-ended questionnaire to explore the views
of both groups of research participants on the CiRA-Core platform. Questions included
four main areas: background in teaching with technology; Goals and limitations in orga-
nizing learning with technology and learning management related to artificial intelli-
gence. The open-ended questionnaire was validated 3 STEM experts. The questionnaire
was administered by online (Table 1).

Table 1. Examples of questions in the survey of the views of the teacher

Main points

Questions for developer group

Questions for user group

Limitations or obstacles in
learning management

What problems have you
encountered in organizing
learning in the past 3 years ?
Have you ever used the
research process to solve such
problems? How?

What are the obstacles in
driving a curriculum that
focuses on the use of artificial
intelligence?

What are the limitations of
organizing learning with
artificial intelligence in the
classroom?

Learning management
related to the platform
CiRA-Core

‘What strengths and limitations
do you think the CiRA-Core
platform has?

Do you think it is to use a
course on artificial intelligence
(AD) for learning in school?

Platform How does CiRA-Core
change teachers’ teaching or
student learning?

Do you have a guideline for
how to use your knowledge
about the CiRA-Core platform
in learning management?
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The researcher conducted data analysis in 2 phases, according to the sequence of
data analysis operations. Researchers analyzed the data obtained from the questionnaire
using deductive analysis and determined codes. The researcher then read the answers
that appeared in the collected questionnaires. Then code the text of the responses to the
questions of the participants in the research. Using the code that was previously defined.
And the code is updated periodically to cover every answer of research participants. As

shown in the list of codes in Table 2.

Table 2. List of perspectives on understanding technology-integrated teaching methods

code

Code description

Natural aspects of technology integration

N1 — Process on Purpose

Technology — Use the process with purpose

N2 — Involve Thinking Skills in Process

Technology — Integrate thinking skills into the
process

N3 — Technology to Transdisciplinary

Technology — There is cross-disciplinary
integration

N4 — Technology Depends on Social Context

Technology — consistent with the social context

NS5 — Technology Could Fail

Technology — Errors can occur

Target areas for technology integration

P1 — Authentic STEM

Connected technology with STEM education
and real situations

P2 — Emphasized Science Program

Connected technology with classes that focus
on science and math

P3 — Equity/Inequity

Connected technology — Creating equality in
the classroom

P4 — Innovative Education

Connected technology — Learning towards
innovation

P5 — Learning Experience

Connected technology — Learner’s learning
experience

P6 — Learning Experience (with Al)

Connected technology — Artificial intelligence
learning experience

P7 — New Norm Teaching

Connected technology — Organizing new ways
of learning

P8 — 21 st Classroom

Connected technology — Practicing 21st
Century Skills

Functions of technology integration

F1 — Subj/Knowledge (Information)

Mechanisms for teaching concepts / content
about technology

(continued)
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Table 2. (continued)

code Code description

F2 — Technological Thinking (CT/Coding) Mechanisms for developing technological
thinking / coding

F3 — Technological Process (Design) Mechanisms regarding the technological
design process

F4 — Technological Innovation (Robot) Mechanisms for driving innovation / artificial
intelligence

F5 — Applied Technology (Big Data) Mechanisms regarding information
management

3 Result and Discussion

Teacher Developer Group and Teacher User Group perspective on CiRA-Core Platform
are different, especially in terms of nature of technology integration, goals for integrating
technology and roles in integrating technology.

Part 1: Perspective on the nature of technology integration. It can be concluded that
only the cross-disciplinary integration issue appeared in which teacher users viewed
that the CiRA-Core platform is important and possible to use in real classroom and
it can be integrated with science, mathematics, technology, and engineering (Roehrig
et al., 2021). They viewed that technological work is often related to cross-disciplinary
integration in order to understand problems or challenges in designing solutions (Frias,
Ertas, Tate, & Back, 2015). However, the research results also found that both groups
of teachers had the view that CiRA-Core Platform does not reflect technological errors.
This may be because both groups of teachers viewed that CiRA-Core Platform has
effectively been developed and be ready to use. They may not find any errors in the
work. This findings may different from other STEM teachers how did not use CiRA-
Core Platform, whow faced problems or errors in using technology in the classroom.
Such problems or errors are important issues that teachers must be aware of using that
technology (Ozel, Yetkiner, & Capraro, 2008).

The second aspect is the goal perspective connecting technology integration with
the CiRA-Core platform. It can be concluded that the teacher developer group and
the teacher user group have the most different views. The group of teacher developers
has a higher perspective on using the platform in that technology play vital roles in
connecting students to a new way of learning, than the group of teacher users. Since the
CiRA-Core platform has important characteristics that promote student learning into
the learning space in the form of artificial intelligence. Students can use the platform
to design solutions that are appropriate for the situation. The group of regular teachers
should understand learning management using that platform. Therefore, teachers may
have less views on this aspect than the development teachers group. However, the issue
that both groups of teachers have the most similar views is using the CiRA-Core platform
regarding the role of technology in promoting student learning in the 21st century. It
may be because both groups of teachers have common experiences in promoting student
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learning in a variety of ways. Therefore, it can be linked to learning design that promotes
learning skills in the 21st century (Srikoom et al., 2017).

The third aspect is driving technology integration with the CiRA-Core platform.
It can be concluded that the teacher developer group and the user teacher group have
different views in this area. The teacher developer group had slightly higher views in
every aspect. In the role of the technological design process, the user teacher group had a
slightly higher than the developer teacher group. This is because of the nature of the tech-
nological design process aimed to present obvious learning management steps that can be
brought to the classroom. The groups of teacher users may find possibility to design their
learning activities consistent with the important concept of technology literacy. It is also
easilty related to the work that responds to human needs under culture, society, economy,
politics, and the environment (Kelley & Knowles, 2016). Teacher learning management
then can encourage students to learn through the CiRA-Core platform meaningfully.

3.1 Recommendations

1. Preparing or supporting teachers of technology subjects or technology-based subjects
to understand the nature of technology in teaching and learning. Doing so can help
those teachers designing teaching that integrate technology effectively regarding to
the nature of technology.

2. Itis also necessary to regularly compare or check the consistency of views or under-
standing between the group of teacher developers and the group of users using the
CiRA-Core platform. This was to ensure that teachers on both group had the same
understanding of the issues raised during the workshop, such as the goals of using
the CiRA-Core platform. To enhance the learning of students not just for fun but to
able to solve the problems.
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Abstract. There is a shortage of skilled talents in the field of cybersecurity at
all levels globally. The shortage of the skilled professionals itself becomes a real
threat to the society. While education and training aim to produce graduates to fill
the job market, the industry complains on their lack of practical skills. To provide
more hands-on exercises in obtaining the necessary skills required to perform
certain roles, a controlled virtual environment such as cyber range is adopted. A
VPET approach is proposed by grouping the knowledge element with the required
skill sets together supported by hands-on exercises into a learning unit. These units
can be packaged into micro-credentials to provide a more flexible way of student
learning or skill re-training.

Keywords: cybersecurity education - VPET - cyber range -
technology-enhanced learning

1 Introduction

The use of information technology (IT) has immersed into our daily lives and provides
people with a lot of convenience. Mobile devices connecting through the Internet make
business operations available to people at almost anytime and anywhere. The emerging
use of Internet of Things (IoT) enables numerous applications in the smart city devel-
opment such as smart traffic controls and smart parking; surveillance for public safety
and utilities management, etc. The widely use of IT leads to the increasing number of
threats in the cyberspace.

1.1 Cybersecurity — How Serious It is

News on cyber-attacks appears every day around the world. It was reported that a 38%
increase in global attacks in 2022 (Anderson, 2023) and a continued rise in attacks
against all industries including educational institutions and healthcare organizations.
The educational and research institutions received an average of 2,314 attacks per week
per organization, an increase of more than 40% from 2021 (Check Point Software Tech-
nologies, 2023). In the latest Internet Crime Report (FBI, 2023), it was reported that
FBI received more than 800,000 cybercrime-related complaints in 2022, with losses
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totaling over $10 billion. The Latest Cyber Crime Statistics (AAG, 2023) estimated that
the potential losses to cybercrime for individuals is more than $10.2 billion in the US
in 2022, much higher than an estimated loss of $6.9 billion for individuals in 2021. It is
also expected eCommerce frauds to cost the retail sector $48 billion globally in 2023.

1.2 Skill Shortage in Cybersecurity

Cybersecurity becomes an important element for business survival. While it is realized
that cybersecurity is important, its success relies on the availability of cybersecurity
professionals. There is a shortage of skill talents in this field at all levels globally. The
situation is getting worse. The International Information System Security Certification
Consortium ((ISC)?), an international nonprofit membership association for cybersecu-
rity professionals, estimated in the Cybersecurity Workforce Study (2022) that there is
a worldwide shortage of 3.4 million cybersecurity workers.

One of the reasons of skill shortage is the increase in demand for cybersecurity
professionals as a result of increasing digital transformation in business (De Zan, 2019).
The widely popular use of e-commerce and e-payment has extended the attack surface
leading to difficulties in protecting such transactions. The technologies behind are more
advanced and are changing rapidly. The skills required for security professionals are
also changing which requires continuous professional development for practitioners.
The high compliance requirements for data protection leads to the higher requirement in
cybersecurity. The skill shortage becomes a real threat which leaves key sectors critical
to our societies vulnerable to cyberattacks (World Economic Forum, 2023).

1.3 Aim and Objectives

Cybersecurity education and training seems to be an indispensable solution in providing
more skill talents and close the gap of manpower shortage. In this paper, challenges
in cybersecurity education were discussed; a skill-based VPET approach supported by
technology enhanced laboratory in cybersecurity education was suggested with current
progress and achievements reported; and implications were discussed.

2 Cybersecurity Education

2.1 Some Previous Works

Although there is a quite a number of academic programmes around the world in cyber-
security, the number of graduates still cannot fill the job market. Such shortage has
lasted for some years (Mountrouidou et al., 2019; (ISC)2, 2020; (ISC)2, 2022), despite
of efforts has been made in providing more skill talents in this area.

Caelli and Liu (2018) analyzed the cybersecurity courses offered at formal university
level in Australia and found that courses available appeared quite limited in scope. The
number of graduates produced in cybersecurity was far below the need in the market. To
meet the demand of the manpower shortage and attract students with diverse academic
backgrounds, some postgraduate courses were developed in Australia (Sitnikova, 2018).
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Tsado (2019) recognized the necessity to fill the cybersecurity skill gap and suggested
that a top-driven, multidisciplinary school-wide approach is the best in planning and
implementing successful cybersecurity educational programs involving both technical
and nontechnical disciplines.

Mishra et al. (2019) investigated the students’ perceptions in cybersecurity programs
about the skills, competencies, and interests needed in the cybersecurity field, and rec-
ommended cybersecurity programs trying to teach the latest tools and techniques used
in industry, and to provide sufficient hands-on activities using different teaching styles.

Venter et al. (2019) argued that cyber security should be taught as essential skills at
school level. Preparing children with awareness and knowledge early in primary schools
can ensure that people have the skills when they need them and can remove the current
gender imbalance in cyber security awareness. Triplett (2023) proposed game-based
strategies to increase students’ cybersecurity awareness and motivate them early in the
K-12 education to pursue cybersecurity as a career.

Blazic (2021) analyzed the topics missing within the cybersecurity curricula of the
higher institutions in Europe and in the courses provided by cybersecurity industry. He
suggested that integration of the new topics within the existing frameworks supported
by hands-on training should become a continuous practice for addressing the cyberse-
curity skill shortage; and collaboration between academia, governments and employers
is necessary to identify the foundational knowledge and skills with appropriate actions
to reduce gap in skill shortage.

2.2 Challenges

The Board Curriculum

The cybersecurity discipline consists of a broad range of specialized knowledge with a
solid foundation in computer science (CS). Since the security of cyberspace covers wider
areas including electromagnetic space security, physical layer to application layer secu-
rity, the basic theories would then involve information and communication technology
(ICT), cryptography, electronics and information engineering (EIE), computer devices,
telecommunication technologies and more. It is difficult for students to fully grasp the
knowledge and skills of a range of foundation courses together with some specialized
courses in a traditional university curriculum.

Diverse Background of Teaching Staff.

Most of the existing teaching resources in cybersecurity also come from many different
professional backgrounds, form ICT, cryptography, EIE and telecommunication, etc.
Their mastery of the basic theoretical knowledge in cybersecurity is a big challenge,
which requires continuous professional development for themselves.

Industrial Expectation.

Employers often find that graduates do not meet industrial expectation with too much
theory and insufficient practical skills in cybersecurity. There is always a compliant
that graduates of academic programmes in cybersecurity cannot go directly into the job
market without further training because they do not have the necessary hands-on skills.
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However, university education aims to provide theoretical knowledge in general and
does not bind to using specific products; while training aims to provide learners with
practical skills focusing on the current technology and methods. To this end, it is often
the case that universities will have difficulties in providing suitable laboratories with
up-to-date technologies for students practice. It is also difficult to recruit academic staff
good in research with sufficient practical experience in academic institutions.

Education vs Training.

Teaching students to implement specific firewall rules on a specific brand of routers is
training for specific skills. Education tries to explain the reason, the theory, the process
behind, the potential application areas, their strength and weakness, which is referred
to as knowledge (Conklin et al. 2014). However, the industry expects graduates does
not only have the necessary knowledge but also acquire the practical skills on a spe-
cific discipline. Preparing students practicing with the latest technologies, the education
providers need to closely work with the industry and partnering with vendors.

2.3 Technology-Enhanced Learning for Cybersecurity

The need for more practical hands-on exercises for learners in cybersecurity leads to
the desire from educators to look for suitable training tools and platforms. De Leon
et al. (2018) recognized that using hands-on exercises is an effective way of teaching
and learning cybersecurity, which may engage learners in practicing essential skills; but
preparing these exercises on an isolated and virtualized environment requires tremen-
dous efforts. To solve these problems, they developed a system called ADLES, which
enables formal declarative specifications for educational exercises, and deploy the vir-
tual environment semi-automatically. Chou (2019) implemented a game-based learning
system to promote cyber security awareness training, which attempted to provide stu-
dents nine CyberSec labs to discuss real-world cyber security issues and gain knowledge
to a certain cyber-attack and defense. Khan et al. (2022) proposed a game-based learning
platform to enhance cybersecurity education for university students, which provides a
virtual lab for students to take up cybersecurity challenges and to gain hacking skills
with ethics in a safer environment. Rebecchi et al. (2022) described the design of the
SPIDER cyber range replicating a customized 5G network environment and enabling
interactive cyber exercises, which aims to train 5G security professionals to achieve the
ability in managing and predicting security incidents, complex attacks, and propagated
vulnerabilities in a collaborative manner.

In general, these attempts and efforts cannot be widely adopted. Cybersecurity labo-
ratories are still extremely hard to setup which require a lot of skillful manpower with a
long lead time. Cyber range comes into the scene under this background. The term cyber
range was derived from shooting range in the military sector, which is a specialized
facility designed specifically for firearm training, practice, or competitions in a safe and
isolated space.

National Initiative for Cybersecurity Education (NICE) (2020) defined cyber range
is a virtual environment which has the capacities of replicating the digital infrastructure
(including hardware, applications and tools, or networks), in part or whole, of an organi-
zation to perform emulated cybersecurity training and testing. However, European Cyber
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Security Organization (ECSO) (2020) considered that it is more precise to define cyber
range as a platform with a set of core technologies for the development, delivery and use
of interactive simulation environments and for the development of particular cyber range
use cases. In any case, cyber range provides a virtual environment for learners experi-
encing and practicing cybersecurity defense against cyber-attacks in a safe manner. A
cyber range has also the capacity of providing multiple scenarios as training exercises
(Friedl et al., 2022).

Cyber ranges can be used for many purposes and are especially good for providing
cybersecurity education and training security professionals. Some of the important use
cases of a cyber range include security testing, security research, security education,
development of cyber capabilities, development of cyber resilience, competence assess-
ment, recruitment, and competitions. Depending on its intended uses, a cyber range may
consist of some of these functionalities; Internet service simulation, attack simulation,
user activity simulation, scenarios and content development, competency management,
data collection and analysis, scoring and reporting, and instructor tools (ECSO, 2020).

3 The VPET Approach

Vocational and Professional Education and Training (VPET) tries to fill the gap of indus-
trial expectation on graduates. In addition, VPET does not only provide an alternate path
to, but broaden the learning opportunities for, both school leavers and in-service workers.
To solve the problem of skilled talent shortage, it is desirable to provide cybersecurity
education to young people and provide re-skilling opportunities to ICT practitioners with
practical skill sets who will obtain not only academic qualification but also professional
certification. To identify the essential skill sets for different roles associated with the
necessary knowledge elements becomes a crucial task for course development.

The Workforce Framework for Cybersecurity (NICE Framework) (NIST, 2020) clas-
sifies cybersecurity workforce into 7 Categories of common cybersecurity functions; 33
distinct Specialty Areas of cybersecurity work; and 52 detailed grouping of cybersecurity
work into Work Roles. A work role is divided into Tasks requiring specific knowledge,
skills, and abilities (KSAs) to perform. The NICE framework suggests that cybersecurity
education is multidisciplinary consisting of technical knowledge, managerial knowledge,
data analytical skills, and other areas like sociology, and law. By using a defined set of
knowledge and skills, learners can complete tasks described for a position (role). The
set of knowledge and skills can be assessed to determine the competencies which allow
education and training providers to be responsive to the needs of employers.

The European Union Agency for Cybersecurity (ENISA) (2022) similarly defined
12 role profiles in the European Cybersecurity Skills Framework. The deliverables and
the main tasks are specified for each profile together with the required key skills, key
knowledge and competences.

In order to understand the requirements on the skill set required by the industry,
it is necessary for educational providers to work closely with industry and incorporate
industrial advisory into the quality assurance mechanism. The industrial advisory team
can provide advice on adopting the latest technologies, the required skill sets of various
roles, the development of curriculum, etc., provide instructors and provide internship
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opportunities to students. Internship and work place study is an alternate path to provide
hands-on exercises to students.

In order to provide the necessary skills in cybersecurity education to fill the gap of
skill shortage, it is impossible to conduct the training in traditional classrooms but in
a controlled virtual environment provided by a cyber range. While employers expect
graduates to have the necessary skills for the work roles, students need to learn transfer-
able skills for future career advancement as technologies are changing rapidly. Blazic
(2021) suggested that a balanced cybersecurity education should be provided with prac-
tical skills in enhancing the employability of students together with the foundations of
cybersecurity science so that they are capable of updating their skills under the dynamic
environment.

In addition, the curricula in cybersecurity education can be considered to incorporate
contents of certain professional certifications so that students receiving VPET can attain
both academic qualification and professional certification.

4 Cybersecurity Education at HKCT

4.1 Programme Design

A Higher Diploma (HD) programme in Cybersecurity (Testing and Compliance), in the
Hong Kong College of Technology (HKCT), was developed in 2021 and started opera-
tion in 2022 after going through all the necessary quality assurance procedures. The HD
programme, focusing on the security testing and compliance aspects in practice, aims to
provide students with fundamental knowledge and skills in cybersecurity, and provide
students with a near-realistic and controlled experimental environment to develop stu-
dents’ hands-on capacities, problem-solving skills, and self-learning ability; and thus,
attempting to fill the gap of skill shortage at technician level.

Crumpler and Lewis (2019) discussed that cybersecurity skilled talents should pro-
cess a broad range of specialty areas with certain essential knowledge sets and skills. The
knowledge sets include an understanding of computer architecture, data, cryptography,
networking, secure coding principles, operating system internals, Linux-based systems,
low-level programming languages, etc. and the skills required to perform the tasks of
penetration testing, secure system design, incident response, and tool development.

The design of the HD programme follows the multi-disciplinary approach and
include modules covering generic skills, ICT fundamentals knowledge, specialized
knowledge and skills in cybersecurity, and integration, at the corresponding techni-
cal level. The cybersecurity related courses are designed to have hands-on exercises
associated with the corresponding knowledge elements.

4.2 Cyber Range Implementation

To provide a safe and controlled experimental platform for student practice, a cyber
range was acquired and implemented in 2022 and named as the Heung Kong Cyber
Range (HKCR). Katsantonis et al. (2023) discussed some of the weaknesses of CR
implementation which include high preparation cost, high testing requirements, learning
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strategy neglection, fixed workspace, ineffective assessment, and limited participants
profiles.

These weaknesses were also encountered when selecting a suitable CR to support
the student learning and research. Although the project was supported by a government
funding, the allocated budget was insufficient to acquire a world-leading CR for sustain-
able operation. Instead the CR at HKCT was provided by a leading mainland supplier.
The first task was to build in an English interface, in parallel to its existing Chinese
interface, to the whole platform. The bilingual interface of the platform may facilitate
learners with different background to have the same learning experience. Our technical
team is now able to create and import new scenarios to the HKCR, in addition to the
scenes coming with the CR.

The Heung Kong Cyber Range, after going through rigorous tests, is now connected
to at least three cyber ranges from universities leading in the field in China. These
connections with other CRs enable resource sharing in supporting teaching and learning
among the universities.

4.3 Designing Hands-On Exercises

As supporting student learning is the main purpose of implementing the Heung Kong
Cyber Range, how to provide hands-on exercises to support the teaching of the relevant
knowledge in the curriculum becomes an urging task.

Yamin et al. (2020) considered that a cyber range is an environment in providing
dedicated testbeds and infrastructures for executing the training scenarios, of which a
scenario defines training requirements and the execution environment, the storyline, and
the execution steps of a training exercise. Larrucea and Santamaria (2020) discussed
the motivation in using cyber range as infrastructures for training purposes for both
education and industry sectors. They adopted the updated taxonomy of a cyber range
(Yamin et al. 2020) as a template in describing elements of an exercise on a cyber range.
Since the cost on adoption and maintenance commercially available cyber ranges is too
high, they proposed using free tools such as SonarQube for defining and running a cyber
exercise in discovering vulnerabilities in a running application. Katsantonis et al. (2023)
stated that educational CRs involve instructors, cybersecurity experts and learners. The
instructor or the teacher needs to specify the scenario for the lab session and to provide
instructions or hints to learners, while the security expert takes the role of scene operator
to support the teacher by configurating the CR environment according to the scenario
and performing other technical tasks such as injecting vulnerabilities to the scene.

In designing the hands-on exercises, it is desirable to establish a mechanism with a
template for the teaching staff. In accordance with the learning outcomes, the teacher
needs to identify the required skill related to each knowledge element in the curriculum,
and identify what hands-on exercises are desirable for students to achieve the learning
objectives. Since the teaching staff might not have the necessary skills and times working
on the cyber range, and the technical support team might not have ideas on the curriculum,
itis sensible to team them up to work out the practical exercises before the actual teaching
starts.

Taking the module “Penetration Testing” as an example, there are four module
intended learning outcomes (MILOs):
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1) explain the purpose and describe the legal requirements of penetration testing;

2) describe the penetration testing process including reconnaissance, scanning, exploita-
tion, post exploitation, and reporting;

3) use appropriate tools for performing penetration testing tasks; and

4) write penetration testing reports.

It is obvious that MILO 2 clearly states the knowledge requirements and MILO 3
specifies the corresponding skills requirements. When looking into the course content in
more detail, the knowledge elements include at least setting up the testing environment,
information gathering, exploitation, other attacks, post exploitation, and documentation.
The teacher then identifies the knowledge elements and corresponding hands-on exercise
to practice the required skill sets, as shown in Fig. 1.

1 Introduction
Penetration testing and hacking
The penetration testing life cycle
Vulnerabilities and exploits

The history and culture of hackers 5
i N . - Password attacks
2. Setting up the testing environment
A tis Buffer overflows
Introduction to Kali Linux Do e
Getting comfortable with Kali Linux 6 GHECI RIS

Penetration testing tools )
Maintaining access

3. T y
- Open Source Intelligence (OSINT) Prlv1lgge escal.anon .
X Local information gathering
Port scanning s
S Pivoting and lateral movement
o Enumeration :
4 Documentation

Finding vulnerabilities
Attack vectors and attack types

The penetration test report
Presentation
Storage of evidence

Metasploit basics

Client-side attacks

Social engineering

Penetration testing of Web application

Fig. 1. Course content with highlighted knowledge elements for hands-on exercises

Hands-on exercise: skills covered ~Hands-on exercise: Port scanning

Virtual environments

Operation environment

* Acunetix - a web application security scanner running on Microsoft Windows
platform and automatically looks for vulnerabilities such as SQL Injection and
cross site scripting. This tool can scan websites or web applications using
HTTP/HTTPS protocol, and others such as ASP.net, PHP, Java, Ruby.

Target environment

* awebsite with vulnerabilities

Objectives Objectives

= MILOs to be achieved * MILO 2: describe the penetration testing process including reconnaissance,

scanning, exploitation, post exploitation, and reporting.
® MILO 3: use appropriate tools for performing penetration testing tasks.

Virtual environments
= Operation environment
= Target environment (if any)

Level Level: introductory
Task description Task description: find vulnerabilities of a website in the Reconnaissance phase
Steps Steps:

» |nstallation of Web scanning tool WVS
» Tasks for web scanning with WVS
* WVS scan result analysis

Template An example

Fig. 2. A template for specifying hands-on exercises with an example

A series of in-class exercises are to be designed on the cyber range by the support
team. By specifying the items in the template, as shown in Fig. 2, the support team will
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have a standardized format in describing the hands-on exercises, which may facilitate
the communication between the teaching team and the support team.

In the actual laboratory session, the support team will need to set up the virtual
environments and other necessary tools on the cyber range. Students are required to
perform the task as specified on the worksheet in this controlled environment and to
complete a report with data analysis and results discussion. The assessment of a student’s
ability to perform the technical task is based on the records obtained from the cyber range
and quality of the lab report.

4.4 Packaging Skill-Based Units into Micro-credentials

Requirements on cybersecurity skills are changing rapidly with the technologies. To
address the gap of skill shortage in this area, it is important to provide both school
leavers receiving formal education and practitioners receiving skills re-training flexi-
ble ways to develop their knowledge, skills and competencies. According to the Euro-
pean Commission (2021), “micro-credentials certify the learning outcomes of short-term
learning experiences, for example a short course or training. A micro-credential is a
short, competency-based recognition that allows an educator to demonstrate mastery in
a particular area.” In this sense, the module “Penetration Testing” can well be packaged
into a micro-credential unit as it fills the skill gap in the specific area by defining the
knowledge and skill to fulfil the specific learning outcomes with assessment to ascer-
tain the competency of certain abilities to perform the task of penetration testing. When
a learner obtaining a number of related micro-credential units in the same area, the
learner may then be considered to have the abilities to work for certain position (role)
as discussed in Sect. 3.

4.5 CR-Based Talent Cultivation

Collaboration with other universities was established in order to gain access to and learn
from more experts in cybersecurity. To fully utilized the Heung Kong Cyber Range, a
joint training program on gaining the practical ability of network security for Computer
Science major undergraduate students with a university in Hong Kong.

Namin et al. (2016) suggested that competition-based training workshops are effec-
tive tools in simulating students’ motivation in gaining cybersecurity knowledge where
participants take part in competition in solving the challenging problems.

A “Cybersecurity Vocational Skills Competition” was jointly organized with the
Hong Kong Computer Society in April 2023 with 77 participants, from both practitioners
in related industry and college students, qualified into the final contest. The competition
was composed of both knowledge examination and practical assessment, and was set
according to the National Vocational Skills Standards for Network and Information
Security Administrator issued by the Ministry of Human Resources and Social Security.
In order to prepare participants for the competition, 60 h of initial trainings on relevant
knowledge elements and practical skills using the HKCR were provided and opened
to participants online. The competition was well recognized by the authority. The first
five winners were issued a certificate obtaining the standard equivalent to a Network and
Information Security Administrator (Advanced) Certificate from the Ministry of Industry
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and Information Technology. Those participants achieving certain level on both technical
knowledge and practical skills in the competition were issued a certificate at the middle
level.

Based on the achievement from the “Cybersecurity Vocational Skills Competition”, a
framework of “Network Security Talent Certification Standards” and the corresponding
courses containing certain micro-credential units were proposed for accreditation under
the qualification framework locally. The proposed certification standards, with reference
to the National Vocational Skills Standards, enable students to obtain professional and
academic qualifications from both China and Hong Kong.

5 Conclusion

There is a shortage of skilled talents in the field of cybersecurity at all levels globally. The
shortage of the skilled professionals itself becomes a real threat to the society. While
education and training aim to produce graduates to fill the job market, the industry
complains continuously on their lack of practical skills.

In order to provide more hands-on exercises in obtaining the necessary skills required
to perform certain roles, a controlled and virtual environment such as cyber range is
adopted, in which students can play around safely. How to enhance traditional classroom
education in cybersecurity supported by the use of a cyber range is a problem needed to
be solved.

A VPET approach is adopted by grouping the knowledge element with the required
skill sets together, designing hands-on exercises with a template specifying the learning
objectives, the virtual environment, the task and the steps etc., and assessing the compe-
tency of a student by evaluating the performance records from the cyber range and the
lab report. These units can be packaged into micro-credential units to provide a more
flexible way of student learning or skill re-training. This VPET approach aims to make
some contributions in closing the gap of skill shortage in cybersecurity.
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Abstract. Despite the common pursuit of students’ online learning effectiveness,
there is limited research on the factors influencing the effectiveness, particularly
when considering the interplay of multiple factors. This study investigated the
online learning experiences of 121,391 students in Wuhan during the COVID-19
period. A network analysis was used to reveal the impact of information liter-
acy, online learning presence, and online learning engagement on online learning
effectiveness. The study also identified the variations in the influence of these
factors between student groups with high and low-effectiveness levels. The find-
ings indicate the following: 1) Emotional engagement, information perception
awareness, information application awareness, and information behavior posi-
tively contribute to online learning effectiveness; 2) Emotional engagement is
associated with higher levels of strength, betweenness, closeness and expected
influence in both groups. Information laws and regulations have stronger between-
ness in the high-effectiveness group, while emotional engagement is stronger in
the low-effectiveness group. The results inform recommendations for enhancing
future online learning practices.

Keywords: online learning; information literacy - effectiveness - network
analysis

1 Introduction

The global COVID-19 pandemic was widespread over the past few years, leading to
billions of students transitioning to online learning (UNESCO, 2020). Despite the ongo-
ing return to face-to-face learning, the educational reforms catalyzed by COVID-19 are
likely to remain, with an ongoing evolution towards a blended approach of online and
face-to-face learning. Despite the importance of online learning, studies have found that
its effectiveness is less than ideal for most students (Chen et al., 2010). In an effort
to enhance students’ online learning effectiveness, numerous studies have investigated
factors that could potentially affect the effectiveness of online learning.
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Some studies have found that the maturity of online learning technologies (Lackmann
etal., 2021; Ozhan & Kocadere, 2020) is an objective factor influencing online learning
effectiveness. Additionally, subjective factors related to students themselves, such as
their abilities, attitudes, and cognition, including information literacy (Prior et al., 2016)
and online learning engagement (Yang et al., 2018), have been found to be significant
influencing factors on students’ online learning effectiveness. It is widely believed that
teachers cannot control the technology; however, factors at the student level can help
teachers understand how to improve online learning. Therefore, researchers recommend
focusing on student-level factors, rather than other external factors, to provide tangible
guidance for effective online teaching (Marks et al., 2005).

However, previous studies have some limitations with respect to student-level factors.
First, studies often selectively examine the impact of a few or even a single key factor
on online learning effectiveness, neglecting the interplay of multiple variables (Hu &
Li, 2017). Second, previous empirical studies on online learning often have had small
sample sizes; these small samples may result in selection bias from non-representative
samples, making it difficult to generalize the research findings (Yang, 2018). Finally,
previous research has been unevenly distributed across educational levels, with a primary
focus on undergraduate and graduate students. Few studies have been conducted with
middle school students (Yang, 2018).

To address the research limitations described above, this study conducted a large-
scale survey of middle school students’ online learning experiences during the COVID-
19 period, with a sample of 121,391 students. This study applied network analysis
methods, treating multiple factors as a systemic whole and constructing them into an
interconnected network. The goal was to explore how multiple factors interactively influ-
ence their online learning effectiveness. Specifically, this study focused on the following
research questions. (1) For all students, what are the key influential factors in the overall
network of online learning effectiveness? (2) For students with different levels of online
learning effectiveness, what are the differences in the factors influencing the network?
This study will provide a new perspective of systemic view for the research of influential
factors of online learning effectiveness. Meanwhile, the results of the study will provide
instructional guidelines for students’ online learning.

2 Review of Factors Influencing Online Learning Effectiveness

Few studies have investigated the systematic effects of multiple factors involved in online
learning effectiveness, but they have validated student-level factors that may influence
such effectiveness. These factors are described as follows.

2.1 The Dependent Variable

Online learning effectiveness is the dependent variable of this study. Online learning
effectiveness refers to the knowledge and skills acquired by students during a period
of online learning. Previous studies have mostly used students’ academic performance
(PC) or satisfaction (SA) as the main indicators to measure online learning effectiveness
(Wei & Chou, 2020; Guo et al., 2023). PC primarily reflects student achievement in terms
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of knowledge and skills, with less emphasis on assessing emotional goals. SA reflects
students’ emotional experiences in online learning, but does not focus on the mastery
of knowledge and skills. Therefore, this study applied both SC and SA as indicators to
measure learners’ online learning outcomes.

2.2 Information Literacy and Online Learning Effectiveness

The concept of information literacy has attracted widespread attention since it was first
proposed by Zurkowski (1974). The meaning of the term has also continuously expanded
as time has passed, and as technology has developed and advanced. Today, information
literacy is considered an essential and comprehensive form of literacy for individuals to
survive in an increasingly intelligent world. Our previous research proposed a frame-
work for student information literacy, with four dimensions: information awareness and
attitude, information knowledge and skills, information thinking and behavior, and infor-
mation social responsibility. These dimensions have nine specific indicators: information
perception awareness (A1), information application awareness (A2), information secu-
rity awareness (A3), information scientific knowledge (B1), information application
skills (B2), information thinking (C1), information behavior (C2), information ethics
(D1), and information laws and regulations (D2) (Author, 2020). Information literacy is
an important factor for engaging students in successful online learning. Students with
a high level of information literacy efficiently access, organize, and critically use infor-
mation. This stimulates active online learning behaviors and generates positive online
learning experiences (Buchanan et al., 2016; Prior et al., 2016).

2.3 Online Learning Presence and Online Learning Effectiveness

The concept of online learning presence originates from the Community of Inquiry (Col)
model. The model assumes that meaningful learning experiences are generated through
interaction between students and teachers in online learning communities (Wertz, 2022).
The online learning presence is created by developing three interdependent elements:
cognitive presence (CP), teaching presence (TP), and social presence (SP) (Shea &
Bidjerano, 2009). CP refers to students’ ability to explore, integrate, and solve problems
in the online environment. TP refers to students’ experience with respect to the teachers’
selection, organization, presentation, and design of course content and learning activities.
SP refers to the state whereby students map their personal characteristics onto the online
learning environment, presenting themselves as authentic individuals to other learners
(Garrison et al., 2010). Online learning presence significantly impacts students’ online
learning effectiveness. A higher level of online learning presence indicates that students
are likely to engage in more constructive online learning behaviors and achieve higher
online learning effectiveness (Shea & Bidjerano, 2009, Zhang et al., 2016).

2.4 Online Learning Engagement and Online Learning Effectiveness

“Online learning engagement” refers to the sustained positive state shown by students as
they actively participate in learning activities and interact with others in an online learning
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environment (Yang et al., 2018). Online learning engagement encompasses behavioral
engagement (BE), cognitive engagement (CE), affective engagement (AE), and social
engagement (SE) (Fredricks et al., 2004; Rimm-Kaufman et al., 2015; Bae et al., 2020).
BE refers to specific behavioral manifestations during the online learning process; CE
primarily refers to the use of learning strategies in the online learning environment;
AE mainly represents students’ emotional experiences during online learning; and SE
refers to students’ interpersonal interactions with teachers during online learning (Hu &
Li, 2017; Hoi & Hang, 2021). Researchers have observed that positive online learning
engagement effectively promotes online learning practices and enhances online learning
effectiveness (Lin et al., 2019).

3 Method

Detailed descriptions of the participants and their screening process, the utilized
instruments, and the data analysis approach are provided below.

3.1 Participants and Procedure

Due to COVID-19, Wuhan was one of the first cities to implement large-scale online
learning, resulting in almost every student having extensive experience with the app-
roach. This makes those students an appropriate research sample. With the support of
the Wuhan Education Bureau, this study explored the topic of online learning among
middle school students across the city, using a cluster sampling method. The survey
distribution approach was organized from top to bottom, with the Education Bureau first
distributing the survey notice and online survey link to each district’s education bureau.
Seventh and eighth-grade students from 234 middle schools in 14 districts of Wuhan
were informed about the purpose of the study and were requested to participate. Sub-
sequently, each district’s education bureau issued specific survey notices to the selected
schools within their jurisdiction. Finally, each selected school organized seventh and
eighth-grade students to complete the survey at the school computer room. All partici-
pants were requested to complete the entire questionnaire within 40 min, and the data was
stored in CSV format. After removing duplicate and missing values, a total of 121,391
questionnaires were received by the study team, including responses from 62,919 males
(51.83%) and 58,472 females (48.17%). The sample included 65,346 students in the
seventh-grade (53.83%) and 56,045 students in the eighth-grade (46.17%).

3.2 Instruments

To assess online learning effectiveness, this study measured students’ SA and PC with
respect to online learning. The SA scale was adapted from Kuo et al. (2014) and consisted
of three items. The reliability analysis indicated a Cronbach’s alpha coefficient of 0.909,
a composite reliability (CR) value of 0.910, and an average variance extracted (AVE)
value of 0.771, meeting the fit criteria (Fornell and Larcker, 1981). PC was assessed
based on the average scores for three main subjects during the students’ online learning
period: Chinese, Mathematics, and English. The scores were grouped into five levels:
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“Above 110” was assigned a score of 5, “100-109” was assigned a score of 4, “90-99”
was assigned a score of 3, “80-89” was assigned a score of 2, and “Below 80" was
assigned a score of 1. This is because the majority of the students in this study scored
above 80 and many teachers regard 80 as a passing line.

To assess information literacy, this study utilized a standardized test for middle
school students, designed in a previous study (Zhu et al., 2021). The content validity
of the test was verified using the Delphi method, in which multiple rounds of expert
consultations were conducted to seek feedback about the consistency of the test items and
their respective information literacy indicators. The final test consisted of 50 multiple-
choice questions, covering the 9 indicators of information literacy. Each indicator was
scored based on the number of correctly answered questions.

To measure online learning presence, this study adapted a scale developed by Law
et al. (2019), with three sub-scales: social presence, cognitive presence, and teaching
presence. The Cronbach’s alpha coefficients for these three sub-scales were 0.895, 0.937,
and 0.927 respectively; the CR values were 0.895, 0.937, and 0.927, respectively; and
the AVE values were 0.631, 0.680, and 0.717, respectively. The results of the analysis
indicated good questionnaire quality.

To measure online learning engagement, the study applied a scale developed by
Hoi et al. (2021), with four sub-scales: behavioral engagement, cognitive engagement,
affective engagement, and social engagement. The Cronbach’s alpha coefficients for
these four sub-scales were 0.907, 0.923, 0.930, and 0.904 respectively; the CR values
were 0.908, 0.924, 0.930, and 0.904, respectively; and the AVE values were 0.711,0.752,
0.769, and 0.703 respectively. The results of the analysis showed good questionnaire
quality.

All the scales listed above used a five-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). The scales were translated from English to Chinese.
Two graduate students performed parallel translations of the scales under committee
coordination. After the translation was completed, an educational technology expert
with more than 20 years of teaching experience in both the United States and China
conducted a bilingual evaluation of the translated items. Feedback was used to adjust
the wording of several items, enhancing the overall readability of the scales.

3.3 Data Analysis

To explore the interactive mechanism of multiple factors, this study adopted a net-
work analysis approach to construct a complex network of factors related to online
learning effectiveness. Network analysis refers to the construction of a network that
includes variables and their interconnections to present system characteristics, examine
the relationships between elements, identify key elements, and guide interventions.
For research question 1, the MGM package in R was first used to construct an
overall network of factors influencing online learning effectiveness for all participants.
Non-parametric bootstrap calculations (1,000 iterations) were performed to validate
the robustness and accuracy of the network structure. The characteristics of the links
in the overall network were qualitatively analyzed to identify the influencing factors.
Centrality indices, including strength, betweenness, closeness, and expected influence,
were calculated to quantitatively measure the importance of each factor. The strength
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represented the influence of a node in the network; betweenness indicated the number
of shortest paths that pass through a node, reflecting the node’s role as an intermediary;
closeness represented the degree to which a node is in a central position in the network;
and expected influence was the influence of a node after excluding negative effects.

For research question 2, K-means clustering was first conducted using SPSS 24.0 to
divide students into two groups (high-effectiveness and low-effectiveness) based on their
satisfaction with online learning and academic scores. Then, the MGM package in R was
used to construct separate networks of influencing factors for the two groups. The NCT
package was applied to analyze the overall differences between the networks of the two
groups. The centrality indices of the nodes in each group’s network were calculated, and
further comparisons were made to determine the key differences in influencing factors
between the two groups.

4 Results

The results of the network analysis of the factors influencing online learning effec-
tiveness, as well as the results of the network comparisons between the high- and
low-effectiveness groups, are reported below.

4.1 Opverall Analysis of Networks of Influential Factors

Figure 1 shows the overall network of factors influencing students’ online learning effec-
tiveness, generated using a network analysis of data from all participants. The network
consists of 18 interconnected nodes, with each node representing an influencing factor.
The surrounding circles around the nodes indicate the degree to which the node can be
explained by other network nodes. Thicker lines indicate stronger correlations between
nodes. Green lines represent positive correlations between nodes. Figure 2 shows the
results of the network stability analysis. A smaller degree of overlap between the red and
black lines in Fig. 2 (left), and a higher number of black squares in Fig. 2 (right), indicate
greater differences between the connections and stronger stability. Figure 2 indicates that
the network constructed in this study is highly stable, indicating the network analysis
results are highly reliable.

An analysis of the overall network shows that information literacy, online learning
presence, and online learning engagement are all positively correlated with students’
online learning effectiveness. Specifically, SA has strong positive correlations with AE
and PC; and SC has strong positive correlations with A1, A2, and C2. Figure 3 shows
the centrality measures of each node. AE, SA, and SC have high levels of strength,
betweenness, closeness, and expected influence in the network. This indicates that AE
has a strong influence in the network, occupying a central position and playing an
important mediating role in the mutual influence of other nodes. Additionally, CP and
CE have a high level of strength in the network, but are not directly connected to online
learning effectiveness (SA and PC).
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Fig. 2. Stability assessment of the network

4.2 Network Comparison of High- and Low-Effectiveness Groups

Figure 4 shows the networks of factors influencing online learning effectiveness for high-
and low-effectiveness groups. The overall network difference test results indicate signif-
icant differences in the network structure (M = 0.097, p < 0.001) and overall network
strength (S =0.1180, p < 0.001; 7.829 for the high-effectiveness group and 7.947 for the
low-effectiveness group). This indicates that the network of factors influencing online
learning effectiveness is comparable when assessing the high- and low-effectiveness
groups.

Figure 5 shows the centrality indices of the nodes in the networks for the high- and
low-effectiveness groups. It shows that the strength, closeness, and expected influence
of each factor in the two networks are similar. Of these, AE has higher levels of strength,
closeness, and expected influence in both the high- and low-effectiveness groups. In terms
of betweenness, C1, D1, and D2 show stronger intermediacy in the high-effectiveness
group. In contrast, SE and AE show stronger intermediacy in the low-effectiveness group.
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5 Discussion and Conclusion

This study comprehensively investigated the factors influencing online learning effec-
tiveness for middle school students. It systematically explained the interactive effects
between these factors and the effectiveness of online learning using network analysis
methods. The results inform meaningful conclusions that provide guidance for enhancing
online learning effectiveness. The following discussion focuses on the most important
findings and recommendations.

5.1 Overall Analysis of Networks of Influential Factors

In the overall network, AE is a key node that positively enhances students’ SA and
PC; it also plays an important mediating role. Through AE, factors related to online
learning presence and engagement both positively impact SA and SC. This finding
confirms the results of previous studies (Zhan & Mei, 2013; Doo & Bonk, 2020). When
students engage in online learning, they often have limited opportunities for meaningful
interaction with peers and teachers, which may result in learner isolation and passive
learning (Bannaetal., 2015). However, a higher level of AE may help students effectively
reduce feelings of loneliness, enhance their satisfaction, and consequently improve the
effectiveness of online learning (Martin and Bolliger, 2018).

Additionally, CP does not directly influence online learning effectiveness; however,
it has a significant influence within the network and can indirectly affect online learn-
ing effectiveness through important mediating factors such as AE. Previous studies
found that students with higher CP are more likely to focus on online learning behav-
iors, increase their engagement in learning activities, and actively participate in online
learning (Doo & Bonk, 2020). This ultimately promotes online learning effectiveness.
Information literacy also exerts a strong positive influence, especially with respect to
Al, A2, and C2. Previous studies found that an abundance of information can easily lead
to information overload and confusion for students (Avci & Ergiin, 2022). Having a high
level of information literacy enables students to effectively cope with the challenges of
online learning, adapt to the online learning environment, and enhance online learning
effectiveness (Avci & Ergiin, 2022).

5.2 Overall Analysis of Networks of Influential Factors

Comparing the network structure of the high- and low-effectiveness groups revealed
that AE had a strong influence in both groups, which echoes the results derived from the
overall network. This result reaffirms that the emotional acceptance of online learning,
and being able to actively participate, are key to achieving positive online learning
outcomes (Martin and Bolliger, 2018). Information literacy factors, including C1, D1,
and D2, showed strong betweenness in the high-effectiveness group; these factors were
less mediated in the low-effectiveness group. This result may be because students in
the high-effectiveness group were able to effectively and rationally acquire and apply
information when participating in the online learning process. This may generate a
stronger sense of self-efficacy and a willingness to take on self-directed learning tasks
in the online learning environment.
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In addition, students in the high-effectiveness group may be able to transform prob-
lems into informational activities to solve them, thereby achieving excellent online learn-
ing effectiveness (Prior et al., 2016). Online learning engagement, including SE and AE,
are important mediators for students in the low-effectiveness group. This may be because
students in the low-effectiveness group are less capable of independent learning and lack
the ability to apply information to solve problems (Zhu et al., 2020). This highlights the
importance of them being able to actively participate in online learning, which should
affect the rest of their online learning experience and influence their online learning
effectiveness.

5.3 Implications

This study highlights both theoretical and practical implications. From a theoretical
perspective, the study advances a method influencing factor inquiry, by analyzing the
interactions among multiple factors using network analysis. This idea informs new con-
clusions about the mechanisms that influence students’ online learning effectiveness,
and provides methodological inspiration for research in other fields.

From a practice perspective, study findings point to recommendations for improv-
ing students’ online learning practices. First, online learning should stimulate students’
affective engagement, to enhance satisfaction with online learning and promote learning
effectiveness. Two effective approaches include creating authentic learning situations
that are close to real life, and designing challenging learning tasks to stimulate student
interest and motivation. Second, it is important to cultivate students’ information lit-
eracy, given the important mediating role of information literacy in enhancing online
learning effectiveness. Specifically, students should be provided with convenient online
learning tools and clear learning guidelines and supports, thus helping them to develop
the awareness, ability and habits related to finding, processing and using information. In
particular, focus should be placed on helping low-effectiveness students develop aware-
ness related to solving information problems, to enhance their online learning efficacy
and promote learning effectiveness.

5.4 Limitations

As with any research, this study has some limitations, which highlight opportunities
for future research. First, this study primarily utilized a cross-sectional research design
to collect data, which may not lead to an exact causal relationship. Second, this study
focused on three sets of factors based on previous research experience: information
literacy, online learning presence, and online learning engagement. However, the factors
affecting students’ online learning effectiveness are complex and diverse, and there may
be factors not considered in this study. In the future, a longitudinal research design could
further examine the relationship of factors influencing online learning effectiveness.
Meanwhile, future research should select additional factors to explore the mechanism
of their influence on students’ online learning effectiveness.
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Abstract. This research is design and development an educational game for learn-
ers to gain knowledge in image processing topics while playing the game. The
game is created to combine educational content with fun playing elements and
enhance strategic thinking skills. This makes it an effective tool for both formal
and informal learning. The user assumes the role of a robot named Enigmo in the
secret town and has five missions to complete within that place and return safely.
The missions consist of the sampling and quantization quest, the light and color
adjustment quest, the depth of field quest, the hue color space quest, and the lens
distortion and camera calibration quest. Each mission contains information and
knowledge related to the mission stored in the user’s journey book, which the user
can open and review lessons at any time while playing the game. The game is
designed in first- and third-person perspective in a 3D environment and developed
using Unity3D on Windows operating system. The research trial tested 10 users
playing the game for an average of 60 min. Each user takes the quiz before and
after playing the game. Out of a full score of 20, the average scores before and
after learning from this game were 11.30 points and 16.70 points, respectively.
The experimental results show that users gained knowledge of image processing
from this game. The experiment also evaluates the usability in terms of usefulness,
ease of use, ease of learning, and satisfaction with the average scores of 4.60, 4.15,
4.73, and 4.43, respectively.

Keywords: learning - educational game - student engagement - image processing

1 Introduction

There are various learning styles that help learners access the content and skills they need.
The popular framework is VARK model, which developed by Niel Fleming in the late
1980s. The term “VARK” stands for Visual, Auditory, Reading/Writing, and Kinesthetic,
which represent the four main sensory modalities through which people tend to learn.
An educational game is a type of game designed with the primary purpose of promoting
learning, skill development, and educational goals. These games are intentionally created
to combine entertainment and educational content, providing players with an engaging
and interactive way to gain new knowledge, skills, and perspectives. Incorporating the
VARK learning styles into educational games can improve the learning experience by
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accommodating various preferences and engaging students in various ways. An image
processing course typically focuses on teaching the fundamental concepts, techniques,
and tools used in the analysis, manipulation, enhancement, and interpretation of digital
images. Learners learn through video media as a lecture-style teaching in the knowledge
section and practice the programing skills by doing assignments. Learners are unable
to remember and understand all theories and contents with lecture-based learning. Inte-
grating games into context solves this problem. This research focuses on the impact of
learning in the image processing contents using educational games.

In this research, we suggest an image processing teaching game to improve the
user learning experience. The remainder of the paper is structured as follows. Section 2
examines the relevant literature. The research methodology is detailed thoroughly in
Sect. 3. Section 4 presents the experimental results. This is followed by concluding
observations in Sect. 5.

2 Literature Review

Digital games are increasingly being used as teaching and learning tools because they are
fun and engaging (Plass et al., 2019). The purpose of educational games or game-based
learning is to give learners an interactive and interesting way to study and acquire specific
skills or a specific learning outcome (Noemi & Mdéximo, 2014). Gamification, on the
other hand, refers to learning processes or motivation-boosting activities to enhance the
user experience of interactive systems through game design (Seaborn & Fels, 2015).
Learners who completed the gamified experience or game-based learning got better
scores in practical assignments and in overall score (Dominguez et al., 2013; Liu et al.,
2020). A comprehensive research initiative examining how students respond to game-
based learning within programming courses has been conducted (Mathew et al., 2019;
Zhao et al., 2022). The findings indicate that the integration of these games into the
teaching and learning process has yielded positive outcomes. Moreover, a game-based
learning strategy may be beneficial in helping students’ acquisition of 21st century skills
(Qian & Clark, 2016). In engineering education, the game-based learning using virtual
and augmented reality is also studied to promote the experimental learning theory, which
suggests utilizing experiences as the foundational elements for observing, reflecting,
engaging in abstract conceptualization, and constructing knowledge (Vaz De Carvalho,
2019). In industrial training, game-based learning is utilized to practice assembling work
pieces with hand gestures in a virtual environment without the assistance of an expert
(Natsupakpong & Jailungka, 2020).

3 Research Methodology

3.1 System Overview Design and Development

The overall workflow of the system will begin with the main login page. After logging
in with a personal code, the system will display scores and progress through different
levels. When the player clicks to start the game, they will enter a storyline where they can
choose the content they want to learn. The player will control the character’s movement
in a 3D format using the keyboard and mouse. The game will involve solving puzzles
designed to be related to the content of image processing.
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3.2 Story and Quest Design

The contents and puzzles of the game are related to basic image processing knowledge,
lens fundamentals, and image enhancement aligned with the learning outcomes of the
basic image processing course. Through gameplay, players gained knowledge and devel-
oped strategic thinking skills. The player takes on the role of robot named Enigmo in
the secret town and has five missions to complete within that place and return safely.
In the first section, it begins with puzzles related to basic image processing knowledge.
The initial scene involves player finding the way into the secret town, passing through
two puzzle rooms (Fig. 1) as follows:

Image Puzzle: This is played like a question-and-answer game where players must
press the correct image button indicated and pass through a concealed door located
behind the image. The content used here involves Sampling and Quantization. Questions
involve selecting images with different pixel sizes and with specified intensity values.

Maze Puzzle: This section demonstrates the impact of image processing through a
player’s perspective. Camera views incorporate Unity’s post-processing effects, includ-
ing Grain, Vignette, and Color Grading, to manipulate the player’s visual perception.
Items throughout the maze improve visibility when interacted with them. By adjusting
post-processing effects, players experience altered perspectives and enhanced visibility.
The content used here involves the light and color adjustment.

Image puzzle Maze puzzle

Fig. 1. Image puzzle and maze puzzle scenes.

There will be three more puzzles when the player reach in secret town (Fig. 2) as
follows:

Blurred Image Puzzle: Players must focus on stone columns at various distances to
decipher passwords in sharp clarity. This puzzle educates players about camera focusing
and image blurring. Using Unity’s Depth of Field post-processing effect, players can
modify focal length values using mouse scrolling. A number on each stone column
indicates the focal point. Incorrect focus results in a blurry image and obscured number,
emphasizing the need for accurate focusing.

Color Match Puzzle: Six signboards with changing colors appear in a sequence. Play-
ers match the sequence by pressing corresponding color buttons. The game adjusts the
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player’s vision, initially restricting color perception. Collecting items enhances color
vision, making this puzzle solvable. Players need to memorize the color sequence and
press the buttons in the correct order to open the exit door.

Lens Puzzle: This puzzle focuses on adjusting lenses for optimal photography by
teaching lens distortion and Camera Calibration concepts.

Blurred image puzzle Color match puzzle

Fig. 2. Blurred image puzzle and color match puzzle scenes.

3.3 Scene Design and Character Controller

The created scenes are divided into two parts: the user interface and the 3D game environ-
ment. The user interface system was designed in scene to significantly improve gaming
and assist players to learn and grasp the game ideas depicted in Fig. 3. For example, the
“New Lesson” notice appears when a new lesson connected to a quest is available, and
the user can examine that lesson by pressing the “B” button. By pressing the “E” button,
the user can interact with the game item, which displays a message when the user gets
close to it. Missions and suggestions are also displayed to help players progress through
the game.

The 3D game environment includes the decorated terrain, vegetation, structures, and
scene components. There are four scenes in totals shown in Fig. 4 as follows:

Starting Scene: This functions as a lobby for selecting the next scene. Players can
either enter the tutorial mode to learn the game mechanics or access the main learning
content mode.

Forest Village Scene: This scene prepares players for the main learning content. Players
begin their journey through the forest to find their way to the house that leads to the secret
town.

Small House Interior Scene: This scene immerses players into the main storyline with
puzzles intertwined with image processing content, ranging from easy to challenging.
There are two puzzle contents within the room.
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Character Controller Related Lesson

Fig. 3. Example of user interface used in the game.

Secret Town Scene: This scene adds more image processing content. Puzzles are
divided into three parts, with increased exploration based on the storyline.

Fig. 4. Example of scene design.

For character control system, players can control the game using the keyboard and
mouse. Basic buttons “W,” “A,” “S,” and “D” are used for moving forward, turning left,
moving backward, and turning right, respectively. The “Spacebar” is used for jumping.
Additionally, there are extra buttons like “E” used for collecting items based on the
game’s status. The game also features various camera angles. The default view is a
third-person perspective, but in some scenes, it switches to a first-person view. At times,
the camera angle adjusts to different points in the scene to add variety to the game’s
dimensions.

3.4 Game Development and Testing

The game was designed in first- and third-person perspective in a 3D environment and
was created with Unity3D on Windows. The game was tested with 10 users ranging from
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high school to bachelor’s degree students. The testing process comprised three steps as
follows:

Pre-Learning Phase: Players received an introduction to the academic content of the
game for learning about image processing. Basic game information was explained before
entering the game. Each game consisted of four image puzzle challenges and one maze
challenge where players had to collect a total of five items. In the blurry image puzzle,
there were two sub-challenges, while the color capture puzzle had one challenge, result-
ing in a total of eight challenges. Players needed to pass each challenge from the first to
the last. Subsequently, players took a pre-test before delving into the in-game learning
content about image processing.

Learning Phase: Upon entering the game, players encountered the main menu where
they could either start playing the game or exit. After starting the game, players entered
the tutorial level with content guiding them to find the correct house. Hints for the task
were shown on the left side of the user interface, and explanations for using keyboard
buttons were given at the bottom of the hint. In the first tutorial level, players became
familiar with the environment, mechanics, and the first-person perspective before engag-
ing in the actual content. The tutorial section wasn’t overly challenging but depended
on how quickly players could interpret the task and find the correct solution. Once play-
ers found the correct house, they entered the planned content. In this content, players
engaged in strategic thinking by understanding the goal from the task and hints given
through the user interface. Then they analyzed the task to find the correct answer before
proceeding to the next challenge. Strategic thinking and planning were crucial for players
to complete each challenge as swiftly as possible. After executing the challenges, players
evaluated their results for the most accurate adjustments. Throughout the game, players
were given opportunities to try both incorrect and correct approaches, but they couldn’t
progress solely through guessing. Each challenge had specific content, which led to new
information being added through the user interface for players. After completing the
game, players and developers discussed the game’s content according to each level’s
objectives. Additional content, feedback, errors, and suggestions for improvement were
summarized for future adjustments.

Post-Learning Phase: After completing gameplay, players took a post-test to assess
the effectiveness of their learning from the in-game content related to image processing.

4 Results and Discussion

The pre- and post-test performance assessment average scores were 11.30 and 16.70,
respectively, out of a total of 20. It illustrate that players who engaged in learning through
the educational game on image processing exhibited statistically significant improvement
in their learning outcomes. The experimental results show that the average time for the
user to complete the game was 60 min, and the evaluation of usability was collected from
the satisfaction assessment in 5 levels from score 1 to 5 with the meanings of strongly
disagree, disagree, neutral, agree, and strongly agree, respectively (Likert, 1932). Table 1
shows how the evaluation criteria are interpreted based on the average level. The score
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interval is computed by subtracting the highest and lowest scores and dividing by the
number of levels. The usability evaluation is separated into four categories: usefulness,
ease of use, ease of learning, and satisfaction, and is based on the USE questionnaire
(Lund, 2001). Table 2 displays the question and evaluation outcomes. Figure 5 shows a
bar graph of average scores with standard distribution values for each question.

The interesting points show that all users agree that the educational game can help
user learn the image processing content. Half of the users can play the game without a
manual. However, when users need to know how to play something, gaming instructions
should be provided. During the testing of the game, several issues were identified. The
display was not consistent on screens with varying resolutions, leading to distorted
visuals. The lack of brightness adjustment on the screen affected visibility of details
in darker areas. Additionally, there were some errors within the game in specific areas.
There are user suggestions regarding enhancing the learning experience within the game.
These suggestions include the ability to review previously learned content, teleporting to
previously visited points, saving game progress for later play, and enhancing the overall
experience with additional sound effects. Thus, the game requires further development
and testing to ensure accuracy and completeness.

Table 1. Evaluation Criteria.

Score Interval Meaning
4.21-5.00 Strongly agree
341-4.20 Agree
2.61-3.40 Neutral

1.81 -2.60 Disagree

1.00 - 1.80 Strongly disagree

The evaluation results for usability in Fig. 6 show that the average scores for ease of
learning, usefulness, and satisfaction were at a strongly agree level with a score of 4.73,
4.60, and 4.43, respectively. The average score for ease of use was at an agree level, with
scores of 4.15. The study had significant drawbacks, including a small sample size and
a short amount of time between pre- and post-test. It can be enhanced in future research
to make the experimental results better.
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Table 2. Questions and Evaluation Results.

n=10 Strongly | Agree | Neutral | Disagree | Strongly | Mean | SD
agreen |n (%) |n (%) n (%) disagree
(%) n (%)

Usefulness | The game 9 (90) 1(10) [0 (0) 0(0) 0(0) 490 ]0.32
helps users
learn about
image
processing
Users gain 8 (80) 1(10) | 1(1) 0(0) 0(0) 470 |0.67
knowledge
through the
experience of
playing the
game

Users 3(30) 6(60) [1(1) 0(0) 0(0) 420 10.63
understand
the lessons
through
simulations
within the
game

Ease of use | The game 1 (10) 4.(40) [5(5) 0(0) 0(0) 3.60 |0.70
can be
played
without a
manual

The game’s |4 (40) 5(50) |0(0) 1(10) 0 (0) 420 10.92
user interface
is suitable for
use

The 6 (60) 4.(40) |0 (0) 0(0) 0(0) 4.60 |0.52
character
control
system is
user-friendly
The in-game |4 (40) 5(50) [0 (0) 1(10) 0(0) 420 10.92
text is clear
Ease of Users learn | 7 (70) 3(30) |0(0) 0(0) 0(0) 470 10.48
learning to use the
game quickly

(continued)
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Table 2. (continued)
n=10 Strongly | Agree | Neutral | Disagree | Strongly | Mean | SD
agreen |(n(%) n(%) n (%) disagree
(%) n (%)
Users 9 (90) 1(10) |0 (0) 0(0) 0(0) 490 ]0.32
remember
the control
methods
swiftly
Users learn | 7 (70) 2(20) |1(10) |0(0) 0(0) 4.60 |0.70
and
understand
image
processing
content
rapidly
Satisfaction | Users are 7(70) 2200 |1(10) |0(0) 0(0) 4.60 |0.70
satisfied with
the gameplay
experience
Users want | 8 (80) 1(10) [0 (0) 0(0) 1(10) 450 |1.30
to return and
play further
content
The game is | 6 (60) 2(20) [2(20) |00 0(0) 440 |0.84
user-friendly
The game 5(50) 2(20) |3(30) |(0(0) 0(0) 420 ]0.82
operates
accurately
and
completely
The game helps users learn about image processing. 490 ——
Users gain knowledge through the experience of... 4.70 e
Users understand the lessons through simulations. . . 420 e
The game can be played without a manual. 3.60 e
The game's user interface is suitable for use. 4.20 A
The character control system is user-friendly. 4.60 -
The in-game text is clear. 420 A
Users learn to use the game quickly. 4.70 |
Users remember the control methods swiftly. 4.90 =
Users learn and understand image processing content. ... 4.60 e
Users are satisfied with the gameplay experience. 4.60 e e
Users want to return and play further content. 450 |
The game is user-friendly. 4.40 e
The game operates accurately and completely. 4.20 e
1 2 3 4

Fig. 5. The Evaluation Results of Usability: Usefulness, Ease of Use, Ease of Learning, and

Satisfaction.
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Fig. 6. The Average Score of Evaluation Results in 4 Areas of USE Questionnaire.

5 Conclusion

This research involves the design and development of an educational game focused
on teaching the concepts of image processing. The primary objective is to facilitate
knowledge acquisition through gameplay, enhancing the players’ understanding of les-
son content. The game encompasses various topics, including Sampling and Quantization
Levels, Basic Image Enhancement involving light and color, Hue Color space, Depth of
Field, as well as Lens Distortion and Camera Calibration. These topics are integrated
into every level of the game. The game was tested with a group of 10 users, each spend-
ing an average of around 60 min playing. The performance assessments were conducted
using quiz before and after playing game, and the average scores were 11.30 and 16.70,
respectively. This indicates that the learning game contributes to improved retention and
comprehension of the content. Moreover, the usability with the gameplay experience
was evaluated. The results of the assessment revealed that the average scores for ease
of learning, usefulness, and satisfaction were all at a highly agree level, with scores of
4.73, 4.60, and 4.43, respectively. The average score for ease of use was 4.15.

For future research directions, there are several enhancements that can be considered.
First, increasing the number of questions in each level could provide a more compre-
hensive learning experience. This could involve randomizing and shuffling the order
of questions and answer choices, allowing players to encounter new challenges when
revisiting the game. Furthermore, improving the clarity of scoring mechanisms could
enhance the players’ understanding of their performance. Clear and detailed scoring sys-
tems can help players track their progress and motivate them to strive for better results.
Adding additional audio elements to the game, such as sound effects and background
music, can contribute to a more immersive and engaging experience for players. This
auditory dimension could enhance the overall gameplay and make it more captivating.
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Abstract. Education profoundly impacts life quality, highlighting the importance
of a strong education system. This study explores student satisfaction with exter-
nal online course providers in distance learning. It focuses on cognitive beliefs,
technology, and social context, rooted in Bandura’s Social Cognitive Theory.

During the COVID-19 pandemic, institutions like Wawasan Open University
(WOU) rapidly shifted to e-learning, ensuring continuity and well-being. The
rising demand for online education requires providers to offer engaging courses.

This study quantitatively analyzes factors influencing student satisfaction and
contentment with online courses. Data collection utilized a cross-sectional online
survey integrated into WOU’s Learning Management System. Structural Equation
Modeling (SEM) provided deep insights.

Findings emphasize the significance of student contentment with course mate-
rial, impacting career development and coaching services. Skill-building and
degree integration in online learning align with labor market needs. WOU can
enhance programs through iterative collaboration with online course providers.

In essence, understanding and improving student satisfaction with online
course providers elevates education quality and empowers students. Innovations
and student-centered strategies are crucial for distance learning institutions like
WOU in the dynamic online education landscape. This research holds profound
implications for distance learning’s future and the role of online course providers.

Keywords: Interactive Learning - Distance Education - External Online Course
Provide

1 Introduction

In response to the global COVID-19 pandemic, educational institutions have undergone
unprecedented shifts in instructional approaches. Wawasan Open University (WOU), like
many others, has swiftly transitioned to online learning, ensuring education’s continuity
while prioritizing safety. However, as the demand for online education surges, institutions
such as WOU encounter new challenges in sustaining student satisfaction and delivering
quality distance learning experiences through external online course providers.
Student satisfaction holds a pivotal role in the efficacy of any educational system,
impacting academic engagement, motivation, and learning outcomes. In the dynamic
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landscape of online education, understanding the determinants of student satisfaction
becomes imperative for improving educational policies and teaching methods.

This study delves into distance learning to explore student satisfaction with external
online course providers.

Moreover, the study examines Interactive Learning’s link to Student Satisfaction,
focusing on students’ active engagement, participation, and collaboration in online
courses. Understanding this relationship is pivotal for effective online learning strategies
that prioritize engagement and positive experiences.

By investigating these dimensions of student satisfaction with external online
course providers, this research contributes insights to online education. Findings will
guide WOU’s student-centric online learning experiences and benefit other institutions
navigating the competitive landscape of international online education.

In conclusion, unraveling elements impacting student satisfaction is crucial as the
global education system embraces distance learning. The subsequent sections will detail
the methodology used to explore the relationships between key factors and Student
Satisfaction. The study aims to illuminate Wawasan Open University’s path and enable
institutions to thrive in the evolving online education era, nurturing students’ academic
and professional growth through exceptional distance learning experiences.

1.1 Problem Statement

The global COVID-19 pandemic has necessitated a rapid shift towards online learning
in educational institutions, including the esteemed Wawasan Open University (WOU).
As distance learning becomes the new norm, ensuring student satisfaction with external
online course providers has emerged as a crucial challenge for WOU. To enhance the
overall quality of education and meet the demands of the dynamic online education
market, it is imperative to investigate the factors influencing student satisfaction in this
context.

This study aims to explore the impact of Computer Self-efficacy, System Function-
ality, and Content Feature on students’ perception of Interactive Learning, and sub-
sequently, how Interactive Learning influences Student Satisfaction. Specifically, the
research will examine the role of Computer Self-efficacy in students’ confidence and
competence in using digital technology for educational purposes. It will assess students’
satisfaction with the functionality of the online learning system (System Functionality)
and their perception of the quality and relevance of the online course content (Content
Feature).

Furthermore, the study will investigate the extent to which Interactive Learning,
which encompasses active participation, engagement, and collaboration in the online
courses, contributes to students’ overall satisfaction with the external online course
provider. Understanding the interplay of these variables can provide valuable insights
into designing effective and student-centric online learning experiences.

By addressing these research objectives, the study seeks to inform Wawasan Open
University’s strategies for improving the online learning environment, promoting stu-
dent engagement, and enhancing satisfaction with external online course providers. The
findings will be instrumental in guiding educational institutions’ efforts to thrive in the
competitive landscape of international online education, fostering students’ academic
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and professional advancement, and elevating the overall quality of distance learning
experiences.

1.2 Research Objectives

1. Identify the Factors Influencing Student Satisfaction: The primary objective of this
study is to identify and examine the key factors that influence student satisfaction
with external online course providers in a distance learning environment. By com-
prehensively analyzing factors such as learners’ cognitive beliefs, technological envi-
ronment, and social setting, the study aims to shed light on the multifaceted elements
that contribute to students’ contentment with online education.

2. Assess Student Satisfaction with Online Course Content: The second objective of this
research is to assess student satisfaction specifically in relation to the content of online
courses offered by external providers. This assessment encompasses an exploration of
the quality, relevance, and engagement value of the course materials. By evaluating
students’ perspectives on the content feature, the study seeks to gain insights into
how the design and delivery of course content impact their overall satisfaction and
learning experiences.

2 Literature Review

In the rapidly evolving landscape of modern education, the question of student satis-
faction with online learning experiences has assumed paramount importance due to its
far-reaching implications for educational quality and effectiveness. The rapid transition
to distance learning, catalyzed by the global COVID-19 pandemic, has thrust into the
spotlight the need to comprehensively understand the multifaceted factors that contribute
to students’ contentment with external online course providers. This literature review
embarks on a comprehensive exploration of recent research endeavors, delving into the
intricate determinants of student satisfaction within the complex context of online edu-
cation. By delving into the nuances of this pivotal area, this synthesis aims to offer a
comprehensive understanding that aligns seamlessly with the research objectives of the
present study.

2.1 Factors Influencing Student Satisfaction

Within the intricate tapestry of factors that shape student satisfaction, certain determi-
nants have emerged as critical pillars in the endeavor to create effective online learning
environments. Amidst these, cognitive beliefs stand out as central determinants, encom-
passing the crucial notions of self-efficacy and performance expectations (Bandura,
1986). Self-efficacy, representing an individual’s perception of their own competence to
accomplish tasks, holds a formidable influence over students’ motivation, engagement
levels, and overall satisfaction with online courses (Richardson et al., 2012). As the
investigation delves deeper, the technological milieu, encapsulating the functionality
of systems and attributes of content, has ascended to prominence as a vital determi-
nant of students’ experiential dimensions (Wang & Newlin, 2002). Platforms boasting
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user-friendly and intuitive interfaces possess the potential to elevate satisfaction levels
by mitigating technological-related frustrations, thereby fostering an environment con-
ducive to effective learning (Wu & Hiltz, 2004). Furthermore, the intricate interplay of
the social fabric, defined by interactions and a nurturing climate, significantly ampli-
fies the sense of belonging and community, exerting a profound influence on student
satisfaction (Rovai, 2002).

2.2 Assessment of Course Content and Satisfaction

Atthe core of the discussion lies the quality and pertinence of online course content, play-
ing a pivotal role in shaping students’ perceptions of their educational journey. Impor-
tantly, students’ assessments of content structure, clarity, interactivity, and alignment
with learning objectives wield direct implications for their engagement and overall sat-
isfaction (Ali & Leeds, 2009). Moreover, the potency of content catering to diverse learn-
ing modalities and fostering experiential richness is profound, substantially contributing
to an augmented sense of satisfaction (Hsu & Wang, 2015). Notably, a discernible thread
links student satisfaction with course content to their overarching contentment with the
trajectory of learning (Chiu et al., 2017).

2.3 Synthesis and Research Gap

While the academic arena has witnessed an abundance of studies scrutinizing the mul-
tifaceted factors influencing student satisfaction within the realm of online education,
a conspicuous gap persists in the nuanced comprehension of how these very factors
manifest within the distinctive context of external online course providers. The precise
interplay and manifestation of cognitive beliefs, technological environment, and social
milieu in shaping student satisfaction within this specific context remain a realm ripe
for exploration. Addressing this conspicuous gap assumes paramount importance, not
solely in refining the landscape of distance learning but also in substantially enhancing
the holistic experiential dimensions of students.

2.4 The Fundamental Theory

The study is grounded in Bandura’s Social Cognitive Theory (Bandura, 1986), which
guides the exploration of student satisfaction with external online courses in distance
learning. This well-established theory’s ability to predict human behavior and facilitate
behavior change is recognized. The study extends its applicability to the unique context
of distance learning, identifying three key factors that shape student satisfaction:

1. Cognitive Beliefs (Self-efficacy and Performance Expectations): Students’ self-
efficacy influences satisfaction, impacting confidence in using tools, engaging with
materials, and managing online learning.

2. Technological Environment (System Functionality and Content Features): The study
highlights how online platforms affect satisfaction, from usability to content features.

3. Social Environment (Interaction and Learning Climate): Virtual interactions and
community creation influence satisfaction.



62 W. H. Kan et al.

Incorporating these factors—cognitive beliefs, technological environment, and
social context—into the study’s framework provides a comprehensive understanding
of student satisfaction in distance learning. By leveraging Bandura’s Social Cognitive
Theory and applying it to the digital realm, the study offers insights to enhance online
education quality and align it with student needs and expectations.

3 Methodology

3.1 Research Design

This study adopts a quantitative research design to explore student satisfaction with
external online course providers in the context of distance learning. The quantitative app-
roach facilitates systematic data collection and analysis, offering valuable insights into
the factors influencing student satisfaction and content-related contentment with online
courses. By employing structured surveys and standardized measurements, this method
allows for objective assessment of variables such as cognitive beliefs, technological envi-
ronments, and content quality. The quantitative framework enhances replicability and
generalizability, contributing to a growing body of research in online education. Over-
all, this approach effectively investigates the complex dynamics of student satisfaction
within the digital learning landscape.

3.2 Sample Size and Participants

Central to the success of any empirical study is the judicious selection of participants and
an adequately sized sample that mirrors the diversity and complexity of the population
under scrutiny. This study’s participants constitute students enrolled at the esteemed
Wawasan Open University (WOU), representing those who have traversed the contours
of external online courses on their academic journey. Employing a cross-sectional survey
methodology, the study casts its net widely to encompass students across varied academic
programs and disciplines. The determination of an appropriate sample size is guided by
the principles of representativeness and inclusivity, ensuring that the findings gleaned
resonate with the broader tapestry of student experiences.

3.3 Data Collection

In the wake of the unprecedented global upheaval catalyzed by the COVID-19 pan-
demic, the study adroitly navigates the challenges of data collection through innovative
digital means. At the heart of this endeavor is the meticulously designed structured ques-
tionnaire, meticulously calibrated to capture the intricate nuances of student satisfaction.
This instrument is seamlessly woven into WOU’s Learning Management System (LMS),
harnessing the power of technology to administer the survey via a user-friendly online
Google Form. This strategic integration not only addresses the practical limitations posed
by the pandemic but also embraces the accessibility and convenience that technology
affords in the realm of data collection.
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3.4 Research Instrument

The structured questionnaire stands as the conduit through which the voices of the par-
ticipants find resonance and representation in the study’s empirical narrative. A labor of
methodological precision, this instrument is thoughtfully nurtured by weaving together
threads from a tapestry of sources. It draws insights from the rich corpus of existing liter-
ature on student satisfaction, finds theoretical resonance in Bandura’s Social Cognitive
Theory, and synchronizes with the contemporary pulse of online education research. The
instrument, characterized by a judicious amalgamation of closed-ended and Likert-scale
questions, navigates the multifaceted spectrum of variables. It delves into students’ per-
ceptions of course content quality, the dynamic tapestry of interactions with instructors
and peers, the scaffolding of self-efficacy beliefs, the terrain of performance expectations,
the terrain of system functionality, and the kaleidoscope of content features.

3.5 Data Analysis Technique

The collected data is analyzed using Structural Equation Modeling (SEM), a robust
statistical technique. SEM allows for the examination of latent variables and their rela-
tionships, providing a comprehensive understanding of the complex interplay among the
identified factors influencing student satisfaction. The technique facilitates the assess-
ment of direct and indirect effects, enabling the identification of the most significant
determinants of student satisfaction in the online learning context.

4 Findings

The research endeavors focused on unraveling the intricate tapestry of student satisfac-
tion with external online course providers in the context of distance learning. Through
meticulous investigation, several key findings have come to light, shedding valuable
insights on the factors, beliefs, and environments that shape students’ contentment and
engagement within this educational landscape.

The study’s first objective, centered around identifying the factors influencing stu-
dent satisfaction, unearthed a trio of critical dimensions. Cognitive beliefs emerged as
influential cornerstones, with self-efficacy and performance expectations significantly
impacting students’ overall satisfaction. Those who held higher self-efficacy beliefs
exhibited greater motivation and engagement, leading to enhanced contentment with
their online courses. The technological environment showcased its prominence by exert-
ing a substantial impact on students’ satisfaction. The usability and functionality of
online learning platforms emerged as key determinants, with user-friendly interfaces
contributing positively to students’ learning experiences. The social environment’s role
was equally profound, with interaction and a positive learning climate fostering a sense
of community and belonging, thereby influencing students’ satisfaction.

Delving into the second research objective, the assessment of student satisfaction
with online course content underscored the centrality of content quality. Students’ per-
ceptions of content relevance, organization, and alignment with learning objectives
played a decisive role in shaping their overall satisfaction. Courses featuring content that
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catered to diverse learning styles and facilitated meaningful interactions garnered higher
satisfaction ratings. Moreover, the study revealed a notable correlation between student
satisfaction with course content and their overall satisfaction with the entire learning
experience, underscoring the pivotal role of content in shaping students’ perceptions.

In addition to these dimensions, the Structural Equation Modeling (SEM) analysis
results reinforced and enriched the understanding of the relationships among the iden-
tified factors. The SEM analysis provided a deeper insight into how cognitive beliefs,
technological functionality, social engagement, and course content quality interrelate
to collectively influence student satisfaction. The analysis revealed direct and indirect
effects, highlighting the intricate pathways through which these factors impact students’
contentment and engagement within the realm of online education.

In synthesis, the research findings, coupled with the SEM analysis results, illumi-
nate a comprehensive picture of student satisfaction within the realm of external online
course providers. The interplay of cognitive beliefs, technological functionality, social
engagement, and course content quality emerges as a multifaceted tapestry that defines
the student experience. These insights offer educational institutions, such as Wawasan
Open University (WOU), a roadmap for enhancing their online education offerings. By
optimizing technology, fostering social interaction, and curating high-quality content,
institutions can cultivate an environment that not only meets but surpasses students’
expectations. The research findings and SEM analysis results contribute to the ongoing
discourse on distance learning practices, offering actionable insights that can shape the
future of online education and elevate the overall quality of the student experience.

5 Research Outcomes

The culmination of this comprehensive study on student satisfaction with external online
course providers in the context of distance learning has yielded valuable insights with
far-reaching implications for the field of online education. Through an exploration of
the multifaceted factors that influence student contentment, the research has provided
nuanced findings that underscore the significance of various dimensions in shaping the
online learning experience.

First and foremost, the investigation into the factors influencing student satisfaction
has revealed that cognitive beliefs, including self-efficacy and performance expecta-
tions, play a pivotal role in determining students’ overall contentment. Students who
possess higher levels of self-efficacy tend to exhibit greater motivation, engagement,
and satisfaction with their online courses. Additionally, the technological environment
emerged as a critical determinant of satisfaction. Students’ perceptions of the usabil-
ity and functionality of the online learning platform significantly impact their learning
experiences and satisfaction levels. Furthermore, the social environment, characterized
by interaction and a supportive learning climate, has been identified as a crucial compo-
nent influencing students’ sense of belonging and overall satisfaction within the online
learning community.

In line with the second research objective, the assessment of student satisfaction with
online course content has illuminated the importance of high-quality and engaging course
materials. Students who perceive the content as relevant, organized, and aligned with
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their learning objectives exhibit higher levels of satisfaction with the courses. Notably,
satisfaction with course content has been found to correlate positively with overall satis-
faction with the learning experience, highlighting the central role of content in shaping
students’ perceptions of the course.

Overall, the research outcomes suggest that a holistic approach to student satisfaction
involves a careful balance between cognitive beliefs, technological functionality, social
engagement, and course content quality. These findings have significant implications for
educational institutions, including Wawasan Open University (WOU), as they navigate
the dynamic landscape of online education. Leveraging these insights, institutions can
refine their course design, technological platforms, and social interactions to enhance
student satisfaction, promote effective learning, and better align educational offerings
with the demands of the contemporary online education market. The research outcomes
thus contribute to the ongoing evolution of distance learning practices and the continuous
improvement of the student experience within the realm of online education.

5.1 Limitations and Future Directions

There are limitations to consider in interpreting the study’s findings. The use of an
online survey within Wawasan Open University’s Learning Management System for
data collection might have introduced sample bias, potentially excluding students with
limited technology access and limiting the representation of diverse perspectives. The
cross-sectional design used offers a snapshot rather than establishing causal relationships
between variables. Future longitudinal research could provide insights into changing
student satisfaction over time and the effects of interventions. Additionally, while efforts
were made to ensure self-report measures’ validity for assessing student perceptions,
inherent response biases and subjectivity could impact data accuracy.

Looking ahead, several research avenues could enhance our understanding of online
student satisfaction. Longitudinal studies could show how factors like cognitive beliefs,
technological environment, social interactions, and content quality evolve over time,
shaping overall satisfaction. Employing mixed-methods, combining quantitative data
with qualitative insights, could provide a comprehensive understanding of satisfaction
drivers. Exploring experimental designs would assess intervention effectiveness and
establish causal links between factors and satisfaction. Comparative studies compar-
ing satisfaction in online courses to traditional settings could offer broader insights.
Investigating contextual influences like cultural variations could inform tailored strate-
gies. Acknowledging these potential research directions can amplify this study’s impact,
refining online education and enhancing the student experience.

5.2 Conclusion

In the rapidly evolving landscape of modern education, where online learning has taken
center stage, this study delves into the intricate realm of student satisfaction with external
online course providers in distance learning. By exploring dimensions like cognitive
beliefs, technological environments, social interactions, and course content quality, this
research offers valuable insights for both academic institutions and the broader landscape
of online education.
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The findings highlight the crucial role of cognitive beliefs, especially self-efficacy and
performance expectations, in shaping overall student satisfaction. Higher self-efficacy
correlates with increased engagement, motivation, and contentment with online courses.
The technological environment’s importance is evident, as user-friendly platforms posi-
tively impact the learning experience. Similarly, meaningful interactions and a supportive
learning environment positively influence students’ sense of belonging.

These insights have significant implications for institutions like Wawasan Open Uni-
versity (WOU) navigating the online education landscape. By strategically leveraging
cognitive beliefs, technological functionality, social engagement, and content quality,
institutions can create a tailored learning environment that meets diverse student needs.
This research provides guidance for refining online education, fostering interactions,
and optimizing course content delivery.

Amidst global educational transformations, this study’s insights guide educators,
administrators, and policymakers toward strategies that enhance the student experience.
By embracing innovation, prioritizing student-centered design, and promoting continu-
ous improvement, institutions position themselves at the forefront of online education,
addressing the evolving needs of learners. Ultimately, this study contributes to distance
learning discourse and lays the groundwork for an educational future that transcends
boundaries, enriches lives, and nurtures holistic growth.
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Abstract. Primary and secondary school teachers are vital of high-quality basic
education. Improving their digital teaching literacy is crucial to fostering a pro-
fessional teaching force in the digital era. Massive open online course (MOOC)
has characteristics like large-scale, openness, interactivity, and flexibility. Thus,
MOOC holds promise for improving teachers’ digital teaching literacy on a large
scale. This study clarified the connotation elements of primary and secondary
school teachers’ digital teaching literacy. Guided by this literacy’s requirement,
the study established a CCD development model of MOOC from construction
concept, teaching content, design and development, and developed “Innovative
Application of Digital Teaching Textbooks” MOOC. For Guangdong Province’s
primary and secondary school teachers in China, two rounds of design-based
research were conducted, forming a path for MOOC application to improving
their digital teaching literacy. Effect analysis showed high participation among
these teachers, affirming the MOOC'’s efficacy improving their digital teaching
literacy and application level.

Keywords: primary and secondary school teachers - digital teaching literacy -
MOOC construction - innovative application

1 Introduction

Primary and secondary school teachers are the backbone of the high-quality develop-
ment of basic education. Teaching is their fundamental duty, and digital teaching is an
inevitable choice for classroom reform. Improving the digital teaching literacy of these
teachers is crucial to fostering a high-quality and professional teaching force in the digital
era. As a key way to improve the support service capacity of online education, Massive
open online course (MOOC) has the characteristics of large-scale, openness, interactiv-
ity, flexibility, which is an effective way for the training of primary and secondary school
teachers to improve their digital teaching literacy. Addressing the current problems of
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unspecified standards and obvious lack of digital teaching literacy of these teachers, this
study clarified the connotation elements of primary and secondary school teachers’ dig-
ital teaching literacy. Guided by this literacy’s requirement, the study established a CCD
development model of MOOC from construction concept, teaching content, design and
development, and developed “Innovative Application of Digital Teaching Textbooks”
MOOC. For Guangdong Province’s primary and secondary school teachers in China,
two rounds of design-based research were conducted, forming a path for MOOC applica-
tion to improving their digital teaching literacy. The research will address the following
questions:

1. What are the connotation elements of digital teaching literacy for primary and
secondary school teachers?

2. How to develop, construct and innovatively apply MOOC that improve the digital
teaching literacy of primary and secondary school teachers?

3. What s the effect of the application of MOOC to improve the digital teaching literacy
of primary and secondary school teachers?

2 Literature Review

2.1 A Research Review on Digital Teaching Literacy of Primary and Secondary
School Teachers

Teaching literacy is one of the important criteria for evaluating teachers’ educational
abilities. Currently, there is limited research on the digital teaching literacy of primary
and secondary school teachers. For instance, Zahorec et al. (2019) assessed the digital
teaching literacy of Slovak primary and secondary school teachers through a question-
naire survey and identified the literacy’s cultivation needs. Marin and Castafieda (2022)
reviewed the relevant concepts and evolution of digital teaching literacy, proposing
strategies for cultivating teachers’ digital teaching literacy. Yan and Liu (2022) analyzed
seven representative frameworks for teachers’ digital literacy, highlighting the Euro-
pean Union’s focus on “digitalized teaching.” Nguyen and Habok (2023) reviewed 33
papers, revealing that 78% of assessment frameworks relate to teachers’ teaching skills.
In summary, there is currently no unified understanding of teachers’ digital teaching
literacy in the academic community. Therefore, further exploration is needed to clarify
the connotation and elements of teachers’ digital teaching literacy.

2.2 A Research Review on the Development and Innovative Application
of MOOC

MOOC’s global application and continuous development have positioned it as a “digital
foundation” for advancing high-quality education. Over the past decade, MOOC has seen
advancements across several domains, including development frameworks, resource
structures, activity organization, course interactions, support services, learning assess-
ment, and innovative application. Examples include Feng’s (2018)“FLTC(Facilitator-
Learner-Text-Context)” MOOC development model, Kim et al.’s (2019) integration of
virtual reality into MOOC resources, Sun’s (2021) interactive analysis framework of
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online course video, Wang et al.’s (2017) learning activity design using Instructional
Interaction Hierarchical Model, Wang’s (2021)proposal for Coursera to automatically
identify at-risk learners and intervene through information push, Duan and Wu (2023)
“student-centered, teacher, and peer auxiliary” student self-assessment paradigm, King
et al.’s (2018) use of professional development MOOCSs to improve language literacy
among English teachers. Despite extensive research on MOOC development and appli-
cation, addressing the needs of substantially improving teachers’ digital teaching literacy
on a large scale through efficient MOOC design, development, and flexible application
remains a worthy avenue of exploration.

3 Research Process and Methods
This study applies various research methods, following the steps of “Status Inves-

tigation—Literacy Clarification—MOOC Development—MOOC Application—Effect
Analysis”, as shown in Fig. 1.

Research Research
Process Contents Methods

. Digital Teaching Literacy Development and
of Primary and Secondary Innovative Application Literature Research
Investigation School Teachers of MOOC
: Defining the Connotation Analysis the Elements Literature Research
of Digital Teaching of Digital Teaching Theoretical
Clarification Literacy Literac: Deduction

MOOC Concept Content Development Theoretical
Development CCD Development Model Deduction

Round1 Round2 s
M(.)O(_: Rj:?r:h Design-based Design-based :;;:';‘ Del:lgn-halsled
Application 12! Researeh Rescareh esearc
Effect Learning Effects of Application Level of Ew:;::;z:,:}ziimh
Analysis Digital Teaching Literacy Digital Teaching Literacy Sy

Fig. 1. Research Process and Methods.

4 Research Content

4.1 Connotation Elements of Digital Teaching Literacy

Definition of Digital Teaching Literacy. Literacy refers to the ability of people to use
the knowledge and skills they have learned to effectively analyze, reason, communicate,
and to pose, solve, and interpret problems in major subject areas as well as in a variety
of contexts (OECD, 2009, p. 13). Teaching literacy is a fundamental requirement for
teachers, and many scholars have discussed it, such as Zhu (2023) believed that teaching
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literacy includes teaching knowledge, teaching ability and teaching affection. Xu (2007)
pointed out that teaching literacy emphasizes the standard and correct attitude of teachers
in terms of theory, knowledge, ability, and so on. Drawing on PISA’s definition of literacy,
this study argues that teaching literacy refers to the comprehensive ability of teachers to
use subject knowledge and skills to create contexts, pose, analyze and solve problems in
the teaching process. Based on the above views, this study further proposes that digital
teaching literacy of primary and secondary school teachers refers to the comprehensive
ability of primary and secondary school teachers to make appropriate use of digital
technologies and resources, apply subject knowledge and skills, create contexts in the
teaching process, and pose, analyze and solve problems, optimize, with the aim of
innovating and transforming teaching activities.

Analysis of Elements of Digital Teaching Literacy. This study combines the conno-
tation of digital teaching literacy and summarizes the components of digital teaching
literacy into four dimensions, the specific contents are shown in Table 1.

4.2 Construction of MOOC to Improve the Digital Teaching Literacy

Based on the curriculum design theory, this study establishes a CCD development model
from MOOC construction concept (Concept), MOOC teaching content (Content), and
MOOC design and development (Develop) concerning the MOOC development model
proposed by Zou et al. (2020), as shown in Fig. 2.

Clarify the Concept of MOOC Construction. Guangdong Province is located in the
south of China, with a developed economy but unbalanced development, and a large
population, which has 1,094,600 primary and secondary school teachers (Guangdong
Provincial Department of Education, 2023). Basic education presents the characteris-
tics of “large volume, long front, high investment, and imbalance”, and there is still
a large gap between the overall quality of the teaching force and the requirements of
the development of the cause of basic education for teachers, which is urgently needed
to make up the short board and shrink the gap (Guangdong Provincial Department of
Education, 2022), the use of MOOC to massively improve the digital teaching literacy
of primary and secondary school teachers is an important way to promote the con-
struction of the teacher team. Therefore, addressing the current problems of unspecified
standards and the obvious lack of digital teaching literacy of primary and secondary
school teachers, this study internalizes the demand for high-quality development of the
classroom as a higher-order pursuit of the learner. The concept of MOOC construc-
tion is “to enable primary and secondary school teachers to make appropriate use of
digital technology and resources, apply subject knowledge and skills, improve digital
teaching awareness, innovate digital teaching design, carry out digital teaching imple-
mentation, and change digital teaching evaluation”, and this study further determines
the higher-order objective of MOOC, such as cultivating people with political education,
imparting knowledge, and cultivating competence. Through the design for integration
of professionalism and political education “high-level objective positioning—innovative
content reconstruction—flexible adjustment of activities—high-quality and appropriate
resources”, the standard requirements of digital teaching literacy are deepened into the
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Table 1.

Dimensions and descriptions of digital teaching literacy.

The first dimension

The second dimension

Descriptive

Digital Teaching
Awareness

Digital Teaching Perception

I understand the value of digital
technology in economic, social, and
educational development, and
recognize the opportunities and
challenges that the development of
digital technology brings to changes
in teaching and learning.

Digital Teaching Willingness

I have willingness to learn and use
digital technologies and have the
motivation to utilize digital
technologies for teaching practices
and teaching innovation.

Digital Teaching Determination

I can overcome the difficulties and
challenges faced in digital teaching
practice, and I strongly believe in
and continue to explore digital
teaching practice.

Digital Teaching
Design

Digital Teaching Objective
Design

I can focus on the core literacy of the
discipline, scientifically determine
the teaching objectives based on
student learning data, and focus on
the organic fusion of discipline
teaching and political education.

Digital Teaching Content
Design

I can reconstruct teaching content
and realize interdisciplinary
knowledge integration by using
digital technologies such as
knowledge mapping and data
mining under the requirements of
the “Double New”.

Digital Teaching Activity
Design

I can reasonably use digital teaching
resources and digital tools such as
generative Al, flexibly adjust
teaching activities, and realize rich
and active teacher-student,
student-student, and
human-machine interaction
according to the requirements of
“Double Reduction”.

(continued)
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Table 1. (continued)

The first dimension

The second dimension

Descriptive

Digital Teaching Evaluation
Design

I can benchmark the concept of
“teaching-learning-evaluation”
integration, synthesize multi-source,
multi-dimensional, and multi-modal
teaching data to carry out
concomitant, evidence-based, and
value-added evaluations, so as to
implement the fundamental task of
cultivating moral character.

Digital Teaching
Implementation

Digital Teaching Process
Reorganization

I can use digital technology to
dynamically organize a reasonable
and complete teaching process with
subject-specific characteristics,
achieve iterative optimization of the
process based on teaching process
data, and change the way teachers
teach and students learn.

Digital Teaching Structure
Reengineering

I can utilize digital technology to
flexibly create a teaching structure
that is bidirectionally empowered by
human and machines and continues
to evolve, establish a closed loop of
mutual evidence of teaching
elements and interactive data, and
change the structure of classroom
teaching.

Digital Teaching
Evaluation

Digital Value Judgment

I can benchmark teaching objectives
and academic quality standards,
utilize multi-source,
multi-dimensional, and multi-modal
teaching data to make value
judgments about student learning
outcomes.

(continued)
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Table 1. (continued)

The first dimension The second dimension Descriptive

Digital Teaching Diagnosis I can utilize multi-source,
multi-dimensional, multi-modal
teaching data to gain insight into
student problems and make
evidence-based diagnoses and
rational attributions.

Digital Teaching Improvement | I can utilize multi-source,
multi-dimensional, and multi-modal
teaching data to make adjustments
and improvements to teaching
design and implementation
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Political Education
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Fig. 2. CCD development model.

professional qualities of learners, and primary and secondary school teachers are given
the innovative ability to cope with the educational problems and challenges, which fully
reflects the high-level, innovative and challenging nature of the MOOC.

Reconstructing the Content of MOOC Teaching. This study hits the cutting-edge
dynamics and development trend of the innovative application of digital teaching text-
books, adopts the results-oriented reverse design concept, and under the guidance of the
higher-order objective, benchmarks the digital teaching literacy standard requirements,
dynamically reconstructs the teaching content of MOOC by means of knowledge map,
and gives the teaching content the momentum of continuous growth, as shown in Fig. 3.
As shown in Fig. 4, teaching content are carried by a network of knowledge points related
to classroom teaching innovation, teaching resources, design, models and research. Each
module is precisely directed towards the elements of digital teaching literacy of primary
and secondary school teachers, allowing for the precise penetration of multidimensional
and multiform cases of political education. The knowledge map records the learning
data of each node, providing the basis to carry out blended learning and practice.
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Fig.4. Match between the content of the “Innovative Application of Digital Teaching Textbooks”
MOOC and the digital teaching literacy of primary and secondary school teachers.

Implementation of MOOC Design and Development. This study employed tools
like Focusky Animation Presentation Master, Tencent Zenvideo, and Capcut to execute
the design and development of the MOOC following the process of “clear content-agile
development-optimization iteration”. Emphasizing the integration of digital and physical
resources, it encompassed various resources like videos, texts, and cases, including
micro-lecture, videos, discussion, rich texts, tests, project practice, etc.

The MOOC featured 37 high-quality videos totaling over 420 minutes and 62 rich
text resources comprising teaching design plans, examples, and research. MOOC also
set up project practices with a certain degree of challenge, specifically to improve the
innovative application ability of primary and secondary school teachers with digital
teaching textbooks.

4.3 MOOC Application for Improving Digital Teaching Literacy

Research Design of MOOC Application. This study relied on the Xueyin Online plat-
form “Innovative Application of Digital Teaching Textbooks” MOOC to carry out two
rounds of application respectively. The research object was primary and secondary school
teachers in Guangdong Province of China, who independently select courses for learning.
The specific research design is shown in Table 2.
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Table 2. Design-based research schedule.

Design-based
Research

Research Target

Research Objective

Post-testing

First round (second
semester 2022)

Primary and secondary
school teachers
enrolled in MOOC
studies (1786)

A preliminary
exploration of the
MOOC application
process for improving
digital teaching
literacy of primary and
secondary school
teachers

Second round (first
semester 2023)

Primary and secondary
school teachers
eenrolled in MOOC

Based on the previous
round, observe and
analyze whether the

1. Learning Effects on
Digital Teaching
Literacy for
Primary and
Secondary School
Teachers

2. Application level of
digital teaching
literacy for primary
and secondary
school teachers

studies (1248) process of MOOC
application is
reasonable, whether
the function of
human-machine
collaboration is
highlighted, and
summarize the
improvement

First Round of Design-based Research: Initial Exploration. Design and Implemen-
tation. During this round of research, relying on the Xueyin Online platform, Teaching
Design Studio Support Service Center, Tencent Meeting, QQ, etc., the course team pro-
vided corresponding learning support services to guide teachers to learn the MOOC fol-
lowing the process of “Watch Video — Online Discussion — Project Practice — Learning
Evaluation”, as shown in Fig. 5. In the “Watch Video” phase, the course team regularly
released learning suggestions and progress reminders based on the 5-week content. In
the “Online Discussion” phase, the team carried out interactive communication based on
students’ questions, guided teachers to participate in asynchronous discussions of each
course module, fostering ongoing generation and prompting deep reflection through
likes and replies. The “Project Practice” phase focused on a results-oriented project: the
“innovative application of national curriculum digital teaching textbooks for teaching
design or teaching research paper writing,” which drove teachers to address deficiencies,
assess their ability to use digital teaching textbooks to innovatively solve real educational
problems, and evaluate the learning effectiveness. In addition, primary and secondary
school teachers participated in the “Double Integration and Double Creation” Teacher
Information Literacy Improvement Practices of Guangdong Province to further apply and
develop their knowledge and skills. In the “Learning Evaluation” phase, the course team
judged teachers’ learning performance, considering video learning, chapter quizzes,
and project practice. Targeted responses were provided for self-constructed work order
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inquiries, and artificial intelligence (AI) and other tools were used to offer personalized
Q&A, suggest future learning directions, and encourage teachers’ self-reflection and
growth.

Online | Project
Discussion | Pr:

[ Learning

Fig.5. First round of MOOC application.

Evaluation and Reflection. In the first round, teachers met deadlines, but the agility to
meet teachers’ individual needs and the flexibility to adjust the arrangement of teaching
activities still need to be further improved. Therefore, in the second round of research,
it is necessary to focus on refining MOOC processes and enhancing human-machine
collaboration.

Second Round of Design-based Research: Optimization and Improvement. Design
and Implementation. The second round of practice further summarized the MOOC appli-
cation phases, focusing on the three main lines of “Synchronous—Live Interaction
+ Q&A Feedback”, “Asynchronous—Case Study + Recorded Analysis”, “Hybrid—
Project Practice + Human-machine Interaction”, as shown in Fig.6. Moreover, the course
team emphasized the functional role of generative Al, introducing it into learning com-
munities, course discussion forums, live Q&A activities, etc., to achieve inspirational
interactions, improve teachers’ learning experience, and meet their individual needs
in an agile manner. In the “Synchronous—Live Interaction + Q&A Feedback” phase,
we provided learners with personalized learning paths and guidelines, and generative
Al offered real-time problem-solving support to teachers. In the “Asynchronous—Case
Study + Recorded Analysis” phase, combined with the direction of the development
of national education digitalization and the cutting-edge trend of classroom change,
focused on the “Double New” “Double Reduction”, digital transformation of educa-
tion, teachers’ digital teaching literacy and other topics, we flexibly adjusted teaching
activities, and generative Al provided personalized problem diagnosis, Q&A session,
situational dialogue, and enlightening interactions. In the “Hybrid—Project Practice +
Human-machine Interaction” phase, teachers focused on the theme of project practice,
used generative Al to carry out in-depth dialogues and output results. Throughout teach-
ers’ project practice, we pushed excellent cases on demand to help teachers migrate and
apply, regulate teachers’ learning process, and promote teachers’ effective learning.

Evaluation and Reflection. In the second round, teachers completed the course and
actively utilized the knowledge and skills to participate in the “Double Integration and
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Fig. 6. Second round of MOOC application.

Double Creation” Teacher Information Literacy Improvement Practices of Guangdong
Province, promoting their own innovation and development through the integration of
teaching and learning in practice. The use of generative Al also strengthens teachers’
interest in learning. However, it is still necessary to improve teachers’ data awareness in
subsequent practice and guide them to actively apply intelligent technologies to further
optimize, change and innovate the teaching process structure.

The Path of Innovative Application of MOOC. After two rounds of design-based
research, this study formed a path for MOOC innovative application to improve the digital
teaching literacy of primary and secondary school teachers according to the steps of the
“design for integration of professionalism and political education—development of the
integration of digital and physical—collaborative implementation of human-machine—
multi-dimensional evidence-based evaluation”, as shown in Fig. 7.

Improving the digital teaching literacy of primary and secondary school teachers
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Fig. 7. Innovative application paths of MOOC.
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5 Research Effect

5.1 Analysis of Learning Effects on Digital Teaching Literacy

This study conducted statistical analysis on the relevant learning data from two rounds of
the “Innovative Application of Digital Teaching Textbooks” MOQOC, as shown in Table 3.
These findings illustrate that the learning effects of digital teaching literacy of primary
and secondary school teachers were favorable during both rounds of MOOC application,
with a high level of online participation. Notably, the second round demonstrated more
significant advantages in pass rates, suggesting that after two rounds of design-based
research adjustments and improvements, the MOOC was better able to support the
knowledge acquisition and interactive engagement of primary and secondary school
teachers, effectively enhancing their digital teaching literacy.

Table 3. Analysis of data from two rounds of MOOC application.

First Round Second Round
Course Enrollments 1786 1248
Number of Teachers Who Passed 1683 1240
Pass Rate 94.23% 99.36%
Number of Participants in Interaction 833 640
Number of Posts 2892 3092

5.2 Analysis of Application Level of Digital Teaching Literacy

Based on the connotation elements of digital teaching literacy of primary and secondary
school teachers, and referring to relevant teaching literacy scales, this study adapted and
formed the evaluation indicators of digital teaching literacy of primary and secondary
school teachers. The study created a corresponding online scale using the Likert five-
point scoring method. The Cronbach’s a reliability coefficient for this scale is 0.952,
indicating high reliability and suitability for use.

Based on the results of digital teaching literacy measurement of primary and sec-
ondary school teachers before course commencement, and during two rounds of MOOC
application, this study categorized teachers” MOOC scores into four levels. According
to the ratio “Level A: Level B: Level C: Level D = 2:3:3:2”, 30 teachers from each
round with similar scale scores were randomly selected for analysis. The research team
analyzed teachers’ integrated works in teaching and competition, which involved sub-
mitting an innovative digital technology application teaching case, including teaching
design plans, teaching video recordings, and reflective texts. Two scholars independently
scored the integrated works based on the digital teaching literacy evaluation framework.
The Kappa consistency test was conducted on the scoring results, yielding a Kappa
value of 0.843, indicating good consistency in the scoring results. The study performed
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an independent samples t-test on the integrated works scores of 60 primary and sec-
ondary school teachers, with results shown in Table 4. It is evident that the average score
of teachers’ works increased from 30.97 to 32.17. The score for each dimension in the
second round were slightly higher than those in the first round, with the dimension of dig-
ital teaching design showing the most significant improvement, which demonstrates that
the “Innovative Application of Digital Teaching Textbooks” MOOC effectively promotes
the improvement of the application level of digital teaching literacy.

Table 4. Analysis of integrated works scores.

Round 1 Round 2 F Sig.
N Mean SD N Mean SD
Integrated works of | 30 30.97 7.636 30 32.17 8.538 .066 .568
competition and
education
Digital Teaching 30 8.30 2.744 30 8.60 2.990 126 .687
Awareness
Digital Teaching 30 12.30 2.718 30 12.87 3.003 357 447
Design
Digital Teaching 30 5.33 1.561 30 5.47 1.717 .063 754
Implementation
Digital Teaching 30 5.03 1.629 30 5.23 2.176 952 .688
Evaluation

6 Conclusion

This study clarified the connotation elements of digital teaching literacy of primary
and secondary school teachers; guided by this literacy’s requirement , it established
a CCD development model of MOOC from construction concept, teaching content,
design and development, and developed the “Innovative Application of Digital Teaching
Textbooks” MOOC; for Guangdong Province’s primary and secondary school teachers
in China, two rounds of design-based research were conducted, and formed a path
for MOOC application to improve their digital teaching literacy. Effect analysis showed
high participation among these teachers, affirming the MOOC’s efficacy improving their
digital teaching literacy and application level.

We hope that the digital teaching literacy scale for primary and secondary school
teachers, the CCD development model, the “Innovative Application of Digital Teaching
Textbooks” MOOC, and the path of MOOC innovative application can provide both
theoretical and practical references to cultivate primary and secondary school teacher
force with digital teaching literacy.
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Abstract. The essential role of emotions in education is widely valued, which has
attracted enormous interest in emotion recognition. Wearable devices that collect
real-time and fine-gained subjective physiological data make it possible to com-
plex emotional dynamics in education. However, less studies are known about its
potential role in examining the emotional changes of different levels of students
under specific pedagogical actions in face-to-face chess classroom. Throughout
objective GSR and HR data from wearable devices and subjective data from stu-
dents and teachers in chess classrooms, it is found students at different levels
had experienced different emotions for the same pedagogical actions. Moreover,
teachers should pay more attention to grasping the teaching content of students
at different levels, setting appropriate challenges of difficulty, and using brack-
ets and prompts at appropriate times for challenging assignments. These findings
evidence the feasibility of data analysis model of wearable devices but also serve
as a reference point and future investigations on the explanation of how and why
students’ emotions varied of more specific pedagogical actions in education.

Keywords: emotion recognition - wearable devices - chess education - galvanic
skin response - heart rate

1 Introduction

The significance of emotion recognition during the learning process is critical in educa-
tion since it is linked to learners’ motivation, interest, attitude, aspiration, and attention
[1]. It has become a trend to use wearable devices to collect various real-time data
to indicate students’ emotional states. Researchers have been interested in examining
emotion since 2012, but due to the complexity of emotion measurement, experimental
environments have largely been restricted to laboratories. With the development of tech-
nology over the past few years, experimental settings have gradually expanded to real-life
teaching scenarios, such as face-to-face lectures. As for measuring signals, most studies
concentrated on indicators obtained from human bodies, such as Apicella’s research
on electroencephalogram (EEG) [2] and Antoniou’s work utilizing electrodermal activ-
ity (EDA) to access emotion [3]. In comparison to EEG, skin temperature (ST), blood
volume pressure (BVP), galvanic skin response (GSR) and heart rate (HR) data were
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the most widely adopted methods for measuring emotion in education [4]. This paper
aims to study the emotion in a learning process to better design the learning materials
and educational procedures. Among all the studies, the effects of specific pedagogical
actions on emotion in education research have been rather rare, not to mention paying
attention to students at different levels. Besides, unlike many studies in physical educa-
tion, it is noteworthy that no research has been conducted on the use of wearable devices
for emotional measurement in face-to-face chess classrooms.

This paper aims to examine the emotional changes of different levels of students via
objective GSR and HR data from a wearable device and subjective data from students and
teachers under specific pedagogical actions in face-to-face chess education classrooms.
In doing so, it not only sheds light on students’ real-time emotional feedback to specific
activities for teachers during the learning process but also provides insight and inspiration
to aid in the ongoing quest for better educational design in the future. Such knowledge
might differ from those of the original authors in chess education.

2 Literature Review

2.1 Emotion Recognition in Education

Emotions have a strong connection to cognitive functions and are crucial for cognitive
processes such as information processing, memory performance, attribution decision-
making, and intellectual manipulation in education. The research on emotion recognition
in education has gradually shifted from what to how. From 2008 to 2012, early research
focused on delicately classifying/predicting emotions. When objective things align with
one’s own needs, individuals generate positive emotions such as satisfaction, liking,
pride, happiness, etc. Conversely, negative emotions such as anger, fear, and pain are
triggered.

Ba & Hu [4] found that there were 30 types of emotions measured from the previous
work and among them, “engagement” appeared the most in education, such as Shen,
Callaghan, and Shen examined learners’ engagement from physiological signals in ICT
environments to explore how to optimize the digital learning environment based on the
dynamic evolution of learners’ emotions [5]. Studies examining the connections between
emotions and other learning-related factors and assessing the effects of instructional
designs on students’ emotions have been carried out since 2018. Researchers try to use
cognitive load theory, self-regulated learning, and embodied cognition theory to explain
the relationship between students’ learning performance and emotions [6—8].

Researchers have been interested in studying emotion, but due to the difficulty of mea-
suring emotion, experimental settings have mostly been limited to laboratories. Over the
past few years, as technology has advanced, experimental settings have steadily expanded
to include real classrooms. In a laboratory environment, it is difficult to induce certain
emotional reactions in humans, and data under natural conditions makes it difficult to
ensure the quantification of research needs. Hence, experimental research on emotions
requires a high level of rationality in research methods and effectiveness in research
design.

The Japanese education community has taken the lead in introducing physiological
indicators measurement and analysis into classroom teaching research, such as the GSR
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responses of students measured in different classrooms by Nobuo Hori of Fukui Uni-
versity and Masashi Honma of Miyagi Education University [9]. Chinese researchers
have deployed wearable neurophysiological collection devices for the first time to record
students’ physiological signals, such as skin electricity and heart rate, for 90 min con-
tinuously in real math exam scenarios [10]. Among all the studies, the effects of specific
pedagogical actions on emotion in education research have been rather rare, not to men-
tion paying attention to students at different levels. There is a study gap on the impacts of
specific pedagogical actions on students’ emotions in all studies, and there are surpris-
ingly few studies that have concentrated on the effects of specific pedagogical activities
on the emotions of students at different levels in actual teaching contexts.

2.2 Emotional Measurement Methods

Emotion refers to an attitudinal experience associated with a person’s material or physi-
ological needs, typically lasting for a short period, ranging from a few seconds to a few
minutes. Emotions usually begin with the evaluation of the personal meaning of an event
and are then manifested in three parts: subjective experience, external expression, and
physiological response. These three aspects correspond to the three indicators of emo-
tional measurement, namely the subjective experience within an individual, external
behavioral performance, and physiological changes within the body [11].

The subjective experience method usually uses standardized scales to have partici-
pants report their subjective feelings. Such as adjective checklist, dimension scale, rank
scale, SAM emotion scale, emotion mood scale, differentiation emotion scale, etc. This
measurement method is simple and convenient, without the need for specialized ana-
lytical techniques or the introduction of complex instruments and equipment. However,
it is difficult to avoid situations such as the disguise or concealment of the subject, and
there is a lack of objectivity.

The external manifestations include actions, expressions, postures, gestures, etc.,
among which facial expressions are the most distinctive. The measurement tools include
early measurement tools such as circular scales and 3D pattern maps, as well as modern
measurement systems based on facial expressions and facial action encoding recognition
technology.

Human emotional information can be perceived through visual signals (such as facial
expressions, head movements, body posture, gestures, etc.), speech signals (such as tone,
intensity, frequency, duration, etc.), and physiological signals (such as heart rate, elec-
tromyography, electroencephalography, electrodermal response, thermal infrared imag-
ing, etc.). Physiological signals are controlled by the autonomic nervous system and
endocrine system, making it difficult to be controlled by subjective will. Other indi-
rect methods for identifying results are more objective, realistic, and persuasive, while
physiological indicators are more robust and objective [12, 13].

Emotional measurement can be measured through various methods. The most exten-
sively used wearable methods for assessing emotion in education were heart rate (HR)
and galvanic skin response (GSR) data. However, in actual measurement, emotions and
a certain physiological indicator are not a one-to-one correspondence, so when measur-
ing emotions, it is not necessary to rely solely on individual indicators for measurement
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but rather to use multiple methods comprehensively. Therefore, this article adopts a
combination of subjective and objective methods for emotional measurement.

3 Methods

3.1 Participants

We selected S institution’s classroom, a municipal off-campus education institution
of the Beijing Municipal Education Commission as the research site. The school had
strict requirements and required the submission of a health commitment letter to ensure
physical health before attending classes. Due to the susceptibility of emotions to health
conditions, this regulation ensured the suitability of the study subjects. The chess teacher
D had many years of teaching experience in primary and secondary schools.

A total of 42 students (Chinese, 37 males and 6 females) were recruited for the
experiment. They ranged in age from 8-14 years old. All the subjects were in good
health, without any psychiatric illnesses. These students had some chess experience.
Because this course was a new one, the teaching teacher adjusted the class based on
the performance of each class’s chess skills in the previous semester, dividing it into
advanced class, intermediate class, and elementary class. However, according to inter-
views with teacher C from the previous semester, the differences in students’ chess skills
among the three classes were relatively small. At the online parent meeting held before
class, the teacher introduced the experiment and wearable devices to the parents, and
the parents expressed their support for this. During the course, students were required
to wear wearable bracelets voluntarily. The specific participants’ information is shown
in Table 1.

Table 1. Participants information

Class | Chess level Male |Female | Age Participants wearing wearable devices
A Advanced 17 1 9-14 |5 males

B Intermediate | 12 1 811 |4 males

C elementary 7 4 8-10 | 6(2 males, 4 females)

3.2 Emotion Recognition Tools

3.2.1 Wearable Neurophysiological Measuring Instrument-wrist Type: Collecting
Objective Physiological Data

The wearable device has obtained CE and RoHS certification, weighing less than 30 g.
The right side of the dial includes four indicator lights: power, function, Bluetooth, and
charging. The battery life of the watch is greater than 48 h, and it can collect raw data such
as pulse waves and skin electricity. It can be transmitted and exported locally through
USB to ensure data security. The data format is universal and can be imported into
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third-party analysis tools such as SPSS and MATLAB with just one click. The sampling
rate of the pulse wave is 20 Hz, the accuracy of heart rate is =2 BPM, and the sampling
rate of skin electrography is 40 Hz, with an accuracy of 0.01 uS. Due to the younger
age of the selected participants, this wristwatch was chosen to prevent students from
touching it. The wristwatch will automatically start collecting data without charging,
and there will be no interruption in data collection caused by students’ misoperation. In
class, the teacher can collect the heart rate and electrodermal data of each student using
a wristwatch.

3.2.2 SAM Self Emotional Assessment Scale: Collecting Subjective Perception
Data

Due to the younger age of students and their slower reading speed, the Self-Assessment
Manikin (SAM) was selected to make judgments about their current emotional state in
a relatively short time. The SAM scale used in this study is a graphical self-assessment
report based on Russell’s arousal valence dimension. The scale was designed by Lang
et al. in 1980 based on Osgood’s semantic differentiation scale. SAM scores emotions
from two dimensions: valence and arousal. Valence distinguishes the types of emotions,
ranging from negative to positive emotions. Arousal characterizes the level of emotional
activity and is generally considered the allocation of attention resources. These two
dimensions characterize emotions together. Each dimension adopts a set of cartoon
portrait images. Students can choose the valence dimension from sadness to pleasure
based on their current emotional state, as well as the arousal dimension from relaxed to
tense.

3.3 Experimental Procedure

In this study, each class had the same experimental procedure. It included three stages:
(1) preparation, (2) data collection, (3) data analysis. Some of these stages can be divided
into sub-phases. The detailed experimental procedure (see Fig. 1) and their corresponding
inquiry phases are described as follows.

In the preparation stage, three parts were conducted in the experiment: collecting
students’ information, determining course information, and wearing wearable devices.
In the first two parts, the teacher collected basic information about students and the
courses. Then, according to voluntary principle, teachers helped students wear wearable
devices for students.

In the data collection stage, event sampling in experience sampling methods were
used for these four parts. In the first part, the teacher gave a lecture on chess puzzles as
examples and showed instructions on how to deal with solving puzzles. After that, each
student was provided with a SAM scale to fill before doing puzzles (T1). During the pro-
cess of students’ completing the puzzles independently, teachers observed the students’
performance. At the 7th minute, students needed to fill out the SAM scale again (T2).
When the students finished solving puzzles, the SAM scale had to be filled out by each
student (T3). Then, the teacher started to explain the puzzles while asking the students to
correct the answers. After the teacher had finished speaking, the students completed the
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Collect students' information: gender, age, grade, initial abilities
Determine course information: teaching time, location, and content
Wear wearable devices: apply conductive paste to the length of the two
fingers on the student's wrist to remove oil from the skin surface, and
then wear a wearable watch

Class A Class B Class C

Advanced | intenediate | | clementary

PREPARATION
LN

Teacher: after give a lecture and instructions
Stud before solving puzzles

Students: the 7" minute of solving puzzles

Teacher: observe students’ performance and help
i

Students: finish solving puzzles

Teacher: start to explain the puzzles

DATA COLLECTION

Students: listen to teacher and correct the answer
|| | Teacher: finish explaining the puzzles

RRRRA

& Collect SAM scale data from students |:| Collect GSR and HR data from wearable devices

® Rccycle wearable devices and SAM scales from students
® Export data and analyze data
® Single resolve: understand the whole
® Double compare: compare and observe
® Three analyze: analyze subjective and objective data and assume
® Four calibrate: Usc the tcaching session record form to calibrate and

verify

Fig. 1. Diagram of experiment design

SAM scale a final time (T4). Wearable devices assisted teachers in gathering students’
GSR and HR data throughout the whole process to understand their emotions.

The data analysis stage includes two sub-phases: recycle wearable devices and SAM
scales from students, and export and analyze data. Based on the data analysis model of
wearable devices by Dong [14], it forms a data model including four stages: (1) single
resolve, (2) double compare, (3) three analyze, (4) four calibrate, which can help teachers
analyze data by highlighting key steps. Figure 1 shows a figure consisting of different
types of lines. Elements of the figure described in the caption should be set in italics, in
parentheses, as shown in the sample caption.

4 Results

4.1 Single Remove

The study conducted repeated measurement analysis of variance in emotions (including
valence and arousal dimensions) of the participants in Class A, Class B, and Class C. The
dependent variables are potency and arousal, with student level (advanced, intermediate,
elementary) and course teaching stage (before starting to solve the puzzles, the 7th minute
to solve the puzzles, finishing solving the puzzles, and starting to explain the puzzles,
and finishing the explaining the puzzles) as the internal factors of the subjects.
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4.1.1 Emotions in Different Teaching Stages

Valence Dimension
Table 2 presents the mean and standard deviations of the valence dimension of emotions
acquired by students in three classes at T1, T2, T3, and T4.

Table 2. Descriptive analysis of the valence dimension of emotions in different teaching stages

Time Class Mean SD Students’ number
Tl A 5.06 1.392 18
B 6.08 1.038 13
C 5.45 1.036 11
Total 5.48 1.254 42
T2 A 3.83 1.339 18
B 4.23 1.878 13
C 4.73 0.786 11
Total 4.19 1.435 42
T3 A 4.17 1.295 18
B 4.15 1.676 13
C 591 1.221 11
Total 4.62 1.577 42
T4 A 5.11 1.183 18
B 5.54 1.506 13
C 6.18 1.079 11
Total 5.52 1.311 42

In the four teaching stages of the three classes, the valence range of students was
3-7, and the overall trend of valence was first decreasing and then increasing, indicating
that students had transitioned from a happy state to a more neutral state and then to a
happier state.

After the Mauchly spherical test, the null hypothesis of potency for different teaching
stages was established (p = 0.918 > 0.05), indicating that the results of each repeated
measurement were unrelated. The results of the within-subject effect test could be seen,
indicating significant differences in potency among different teaching stages (p = 0.000
< 0.05). There was a significant difference in the potency of students between T1 and T2
(p = 0.000 < 0.05), and T1 and T3 (p = 0.009 < 0.05) stages; There was a significant
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difference in the potency of T2 and T4 (p = 0.000 < 0.05); There was a significant
difference in the potency of T3 and T4 (p = 0.011 < 0.05).

Arousal Dimension.

Table 3 presents the mean and standard deviations of the arousal dimension of emotions
acquired by students in three classes at T1, T2, T3, and T4.

Table 3. Descriptive analysis of the arousal dimension of emotions in different teaching stages

Time Class Mean SD Students’ number
T1 A 2.56 1.723 18
B 1.77 1.363 13
C 2.27 1.421 11
Total 2.24 1.543 42
T2 A 333 1.879 18
B 4.08 2.100 13
C 291 1.973 11
Total 3.45 1.978 42
T3 A 2.89 1.906 18
B 4.00 2.121 13
C 2.00 1414 11
Total 3.00 1.975 42
T4 A 2.39 1.754 18
B 1.92 1.188 13
C 1.73 1.849 11
Total 2.07 1.614 42

According to the Mauchly spherical test, the spherical hypothesis of arousal in dif-
ferent teaching stages was valid (p = 0.839 > 0.05), indicating that the results of each
repeated measurement were unrelated. The results of the within-subject effect test could
be seen, indicating that there was a significant difference in arousal in different teaching
stages (p = 0.000 < 0.05). There was a significant difference in arousal between stu-
dents in T2 and T4 (p = 0.000 < 0.05), and there was a significant difference in arousal
between T3 and T4 (p = 0.024 < 0.05).

4.1.2 Emotions in Different Classes

The paired comparison showed that there was a significant difference in valence between
the elementary and advanced classes (p = 0.015 < 0.05), and there was no significant
difference in arousal dimension among the three classes.
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4.1.3 Emotions of Different Chess Classes in Different Teaching Stages

The paired comparison shows that the interaction between the teaching process and the
national elephant class has an impact on student valence and arousal.

From the perspective of valence, there was a significant difference in the valence of
T1 and T2 among students (p = 0.008 < 0.05), while there was a significant difference
in the valence of T2 and T4 (p = 0.015 < 0.05) in the advanced class. In the intermediate
class, there was a significant difference in the valence of T1 and T2 (p = 0.000 < 0.05),
T1 and T3 (p = 0.000 < 0.05), and T3 and T4 (p = 0.045 < 0.05) among students. In
the elementary class, there was a significant difference in the valence of T2 and T4 (p
= 0.038 < 0.05) among students.

From the perspective of arousal, there was no significant difference in the arousal
of students in the four stages between the advanced and elementary classes. In the
intermediate class, there were significant differences in arousal among students in T1
and T2 (p = 0.000 < 0.05), T1 and T3 (p = 0.001 < 0.05), and T2 and T4 (p = 0.003
< 0.05).

4.2 Double Compare

Based on understanding the overall subjective feelings of students, a comparison was
made by combining subjective observations from teachers.

According to the progress of the teaching process and the teacher’s observation, the
students in the three classes were focused and did not show any resistance when doing
the puzzles, which was consistent with the positive emotions filled in by the students.
During the teacher’s lecture, they carefully watched the demonstration and raised their
hands to answer questions. After the lecture, the students returned to a calm and relaxed
state, consistent with the arousal trend filled out by the students. Among them, students
in the intermediate class had the most serious attitude during class were outgoing, and
showed a high level of interaction. Students in advanced class exhibited a phenomenon
of polarization, some students remained silent, while others interacted very actively.
Students in the elementary class were more introverted, and the class was quieter when
doing puzzles, with less discussion.

The difference between the three classes was reflected in the fact that the valence
of students in the advanced class slowly increased, while the valence of students in
the intermediate class decreased relatively steadily, while the valence of students in the
elementary class increased significantly at T2. By comparing the teaching activities, it
could be seen that the three classes had completed the first four relatively difficult and
basic puzzles of one-step killing, two-step killing, and tactical exercises at T2. They began
to tackle the second two computationally intensive and skillful puzzles. In the advanced
and intermediate classes, the teacher did not give students any prompts. Gradually,
some students in the advanced class were able to complete and answer correctly, while
students in the intermediate class still failed to answer. The findings in the advanced and
intermediate classes validate Wood et al.’s finding that as difficulty increases, the level
of operation increases, but after reaching a certain level, the increase in difficulty leads
to a decrease in the level of operation[15]. In the elementary class, on the one hand, the
teacher guided the direction of solving puzzles and individual tutoring, which improved
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the effectiveness of the students. On the other hand, some students had misjudged the
answer to the puzzles, and many students mistakenly believed that the answer was correct
and felt enjoyable.

4.3 Three Analyze

At this stage, physiological data such as HR and GSR collected by wearable devices
were compared and cross-validated with the teaching session record form. Firstly, we
checked the HR data. If the HR data was continuous and within the normal heart rate
range, it indicated that the data was valid. Next, we checked the GSR data. If there
were no breakpoints and there were no abnormal mutation values in the GSR data, it
indicated that the data was valid. Subsequently, based on the four stages recorded in the
teaching process record form, the corresponding curves of HR and GSR were segmented
and viewed. Finally, we connected the four points of the segment into an approximately
continuous curve and observed its trend.

Due to significant individual differences in GSR, taking S5 students in the advanced
class as an example, we compared and tested the objective physiological data collected
from wearable devices and objective teaching session records. As shown in Fig. 2, the
heart rate curve was continuous, and there was no mutation in GSR data. Subsequently,
according to the teaching process record, students started to solve puzzles at 8:37(T1).
8:42 was the time that students worked on the puzzles for 7 min(T2). Students finished
the puzzles and the teacher prepared to teach at 9:00(T3). The teacher finished teaching
at 9:37(T4). It was speculated that the arousal level of the four nodes of students showed
a trend of first increasing and then slowly decreasing.

HR data _ advanced class_S5

&f%\/

GSR data _ advanced class_S5

VoA

Fig. 2. HR and GSR data of S5 in the advanced class
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4.4 Four Calibrate

At this stage, the trend in the subjective analysis hypothesis of students collecting data
on wearable devices was compared with the trend changes in the SAM scales filled out
by students in the four teaching stages for calibration testing.

Through comparison, it was found that the objective GSR data at the four nodes
showed a consistent trend with the arousal data filled out by S5 as well as the overall trend
of the class. This indicated that the objective GSR data could reflect students’ subjective
feelings, and confirmed the findings of Khalfa that changes in emotional arousal can
trigger skin electrical changes [16]. Shi Zhongzhi et al. found that GSR increased with
increasing arousal levels, but GSR could not distinguish between positive and negative
emotions [17]. This study used subjective SAM scale validity dimension and arousal
dimension data, combined with objective GSR data, to distinguish positive and negative
emotions.

5 Conclusions and Discussion

In our research, we experimented to examine the emotional changes of three different
levels of students via objective GSR and HR data from a wearable device and subjective
data from students and teachers under specific pedagogical actions in face-to-face chess
education classrooms.

The study using face-to-face teaching of chess as an example validated the feasibility
of using subjective and objective data to understand the real-time emotions of students
with different levels during the learning process. Overall, two new findings have been
identified: 1) The data analysis model of wearable devices is clear to use, but the analysis
software developed with the wearable wrist needs to be strengthened. For example,
the software could support batch export and calculation, but could not choose to view
individual and overall data of the class. Besides, it could choose the time interval for
drawing, but not support choosing the start point for drawing; 2) Students at different
levels had experienced different emotions for the same pedagogical actions. In terms of
course integration, teachers should pay more attention to grasping the teaching content of
students at different levels, setting appropriate challenges of difficulty, and for difficult
exercises, using brackets and prompts at appropriate times, so that students can have
a better experience of the teaching content. In terms of strategic innovation, teachers
should choose appropriate teaching strategies based on teaching objectives, such as
paying attention to the allocation of practice time and explanation time, using teaching
tools such as chessboards, hanging boards, and multimedia videos to provide students
with more availability and stimulate their interest in learning.

The limitations of this study lie in two aspects. Not all students fully wore the
wearable devices in this study because of the small number of wearable devices. Besides,
this experiment was a short-term experiment focused on puzzle solving as the specific
pedagogical actions in chess. This leaves room to think and explore the process to provide
more evidence on the explanation of how and why students’ emotions varied of more
specific pedagogical actions in other subjects.
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Abstract. This study delves into the effect of instruction intervention on a MOOC
forum discussion to ascertain its impact on students’ participation and the charac-
teristics of their interactions. Using a mixed-method approach combining social
network analysis (SNA) and inductive qualitative analysis, the relationships and
underlying interactions within an EFL. MOOC discussion were examined. The
findings revealed that instruction intervention by teachers effectively augmented
students’ engagement within the discussion area, fostering both instructor-learner
and learner-learner interactions. Additionally, the conventional hub-and-spoke
structure, where the instructor serves as the central node in the MOOC forum, was
found to be subject to change through instruction intervention. Network analysis
of the original post and a comparative assessment of two instances highlighted
the direct reply tie definition as the most informative for revealing interaction
relationships. It is recommended that teachers and teaching assistants actively and
strategically participate in MOOC discussions to facilitate independent learning
in the era of intelligent education.

Keywords: instruction intervention - learner interaction - network construction -
MOOC forum discussion - social network analysis

1 Introduction

Educational institutions worldwide have increasingly embraced online instruction to
cater to students across various educational levels, aligning with the progress of intelli-
gent education. This shift has been facilitated by the widespread use of the Internet and
the emergence of new online platforms, where Massive Open Online Courses (MOOCs)
stand out as a consequential phenomenon. While interaction with peers and instructors
is acknowledged as a potent means of learning support (Smith, 2018), the effectiveness
of traditional learner-instructor communication in MOOC:s is being questioned due to
the large number of students involved and the diversity of their backgrounds, needs, and
motivations (Johnson et al., 2020). Research highlights that students often experience
feelings of isolation in online education, resulting in high dropout rates, increased bore-
dom, and diminished achievement (Jones & Smith, 2017; Lee et al., 2019). Notably,
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Gillani and Eynon (2019) assert that the discussion forums, fostering semi-synchronous
exchanges among thousands of participants worldwide, distinguish MOOCs from earlier
forms of online learning. Therefore, examining the dynamics of interactions within these
forums promises fresh insights into the pedagogical value and potential of MOOC:s.

1.1 Study on MOOC Forum Engagement

Prior research indicates that engagement in MOOC forums involves active participation
in course activities (Smith, 2018), and lack of engagement increases the likelihood
of discontinuation (Wang et al., 2020). MOOC discussion forums often suffer from
low student involvement, with a few dominating the discourse (Jones & Smith, 2017;
Xie & Zhang, 2020). To improve MOOC effectiveness, alternative approaches to student
engagement are necessary. Suggestions include implementing discussion prompts that
foster meaningful interactions and emphasizing self-regulation, teaching presence, and
social presence as predictors of engagement and persistence (Reeve, 2012). Maintaining
a positive forum atmosphere and encouraging high-quality posts are crucial for MOOC
organizers (Wang et al., 2020).

1.2 Study on MOOC Forum Interaction

Previous studies indicate that in MOOQOC:s, learner interactions are often instructor-centric,
with limited learner-learner interactions (Xie & Zhang, 2020; Wu et al., 2021). The
instructor’s role and status can inadvertently create a hub-and-spoke structure where
they dominate communication (Gillani & Eynon, 2019). Additionally, learners tend to
engage more with peers and form stronger connections within content-related networks
in MOOC forums (Gillani & Eynon, 2019; Xie & Zhang, 2020). Therefore, this study
focuses on analyzing ties within content-related discussions to understand instructor-
learner interactions within the learning community.

1.3 Instruction Intervention in MOOC Forum Discussion

In traditional lectures, instructors use pedagogical interventions based on student behav-
ior observations (Wise & Cui, 2020). However, with larger class sizes and online inter-
actions, it becomes challenging for instructors to observe social cues and intervene
effectively (Gillani & Eynon, 2019). Instructor involvement in discussions is considered
important for quality online learning (Gillani & Eynon, 2019; Wu et al., 2021), but the
specific impact and ways of involvement remain unclear. Some studies suggest a positive
association between instructor involvement and student contributions (Gillani & Eynon,
2019; Xie et al., 2020), while others indicate null or negative associations, suggesting
potential conversation impediments (Wu et al., 2021). Wise and Cui (2020) emphasize
considering both the level of involvement and the manner in which instructors engage
in discussions, proposing strategies such as modeling interactive techniques, involv-
ing learners as facilitators, and utilizing analytics for monitoring interaction dynam-
ics. Teaching presence encompasses course design, discourse facilitation, and direct
instruction (Wise & Cui, 2020; Wu et al., 2021).
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1.4 Current Study

Drawing on the existing literature, exploring the dynamics of interactions within MOOC
forums holds the potential to provide valuable insights into the pedagogical value and
opportunities afforded by MOOCs. Consequently, the primary objective of this study
is to examine the effects of instructional interventions on the discussions within a
MOOC forum, with a specific focus on investigating potential improvements in student
participation and interaction characteristics.

2 Research Design

2.1 Research Questions
Based on the research purpose, two research questions were formulated:

1. To what extent can instructional intervention improve students’ participation in the
discussion forum?

2. What are the characteristics of instructor-learner interactions and learner-learner
interactions resulting from instructional intervention?

2.2 Participants

The present study analyzed the effects of instructional intervention in two instances of
an online course on Internet 4+ College English (Round 1 and Round 2). The courses
were conducted on the Chinese MOOC platform, iCourse (www.icourses.cn), in spring
2020 (Round 1) and autumn 2021 (Round 2) respectively. Round 1 had 3,151 registered
students, while Round 2 had 5,202 registered students. In Round 1, students received a
carefully designed intervention that incorporated both asynchronous and synchronous
online instruction to foster their active participation in the online discussion process
(Table 1). In contrast, students in Round 2 did not receive this intervention.

Table 1. Summary statistics for forum participation in Round 1 and Round 2.

Sub-forum # Parts # Teachers # Sub-threads #Posts Posts/user
Round 1 380 2 53 601 601/380
Round 2 60 2 2 63 63/61

2.3 Research Instrument

A mixed method of social network analysis (SNA) and inductive qualitative analysis
was adopted to analyze the relationships and the underlying interactions they represent
in discussions in a EFL MOOC. Ten edgelists were generated to represent learner inter-
actions in the MOOC forum, utilizing Wise and Cui’s (2018) five distinct tie definitions
for the content-related discussion networks (see Fig. 1).
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Fig. 1. Wise & Cui’s (2018) Ties Extraction Method. Note. (a) Direct Reply; (b) Star; (c) Direct

Reply + Star; (d) Limited Copresence; (e) Total Copresence. S = thread starting post; R = reply
post; RR = reply to reply post. Solid lines represent ties extracted using this definition.

2.4 Procedure

2.4.1 The Proposed Instruction Intervention Approach on MOOC Forum Discus-
sion

Acknowledging the potential benefits of the instructor’s role in online instruction and the

significance of well-designed tasks and activities for instructional intervention (Wise &

Cui, 2020), this paper proposes a judicious combination of asynchronous and syn-

chronous online instruction to actively involve students in the online discussion process

and promote their engagement (see Fig. 2).

Asynchronous online Synchronous online
Online instruction types =  (providing forum ¢ (live streaming +
support) real-time task/quiz)
supportive words; giving students' work
Specific instructions acts = hints; asking leading 4P demonstration;
questions; social evaluation tasks
presence cues... discussion ...

Fig. 2. The proposed intervention in online instructions

Figure 2 depicts actions for asynchronous and synchronous online instruction. In
asynchronous instruction, the focus is on providing forum support through feedback
that uses encouraging language and provides hints rather than direct answers. Support-
ive words and social presence cues create a sense of instructor support. Asynchronous
discussions guide students in case analysis, evaluation, proposing solutions, and evaluat-
ing tasks to improve understanding. Synchronous instruction involves pre-class guidance
through live streaming media (e.g., Zoom) and real-time quizzes (e.g., Kahoot!). This
creates a virtual classroom for real-time interaction. Instruction intervention includes
tasks, oral and written discussions, peer evaluation, and real-time quizzes. This design
benefits student engagement and learning performance while enabling teachers to track
progress and adjust instruction effectively (Chen et al., 2021a, 2021b, Alonso, et al.,
2005).
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2.5 Data Collection and Analyses

The teaching materials utilized in this study were extracted from an open online course
called “Internet 4 College English” offered on the iCourse platform in China (https://
www.icoursel63.org/). The course comprised five modules encompassing technology-
enhanced listening, speaking, reading, writing, and translating skills. Spanning a duration
of twelve weeks, the course specifically focused on leveraging technology to enhance
language learning. For the purpose of this study, Module Two, which centered around
“technology-enhanced speaking skill drilling,” was selected. Within this module, one
specific discussion topic was chosen for analysis: “What will China be like in 30 years?
Write a mind-map on the topic and share your answer here. Let’s share, discuss, and
learn together.” A total of 55 threads containing 657 discussion posts were collected
from 440 learners enrolled in the MOOC.

2.5.1 Thread Classification

Out of the 657 posts that were analyzed, all of them were found to be relevant to the dis-
cussion topic. To identify non-content-related posts, we employed a binary classification
method based on the approach proposed by Wise et al. (2017). Content-related starting
posts encompassed activities such as seeking or providing help, sharing course-related
information or resources, asking or responding to subject-related questions, expressing
or commenting on subject-related ideas, or sharing external resources. On the other
hand, non-content-related posts did not meet these criteria. Following Wise and Cui’s
framework (2018), the post types were further categorized as thread-starting, reply, and
reply-to-reply. After excluding one repeated post and nine non-content-related posts, the
corpus comprised 647 content-related posts from 435 users out of 8,349 MOOQOC learners.
In Round 1, there were 53 thread-starting posts, 295 reply posts, and 397 reply-to-reply
posts (see Table 2). In Round 2, there were two thread-starting posts, 61 reply posts, and
two reply-to-reply posts (see Table 2).

Table 2. Data information of the present study.

Discussion Topics Content-related Posts

Forum Thread-starting | Reply | Reply-to-reply

Sharing: My mind map on the topic |Round 1 |53 295 397
What will China be like in 30 years? |poind2 |2 61 2

2.5.2 Network Construction and Network Properties

Ten nodelists were generated to represent the network of MOOC forum participants,
based on ten edgelists connecting 440 learners’ IDs with 664 content-related posts. These
nodelists and edgelists were imported into Gephi 0.9.2 for Windows to construct undi-
rected weighted networks. The Rotate layout algorithm was used for visualization. For
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each of the five networks corresponding to the five tie definitions, the number of edges,
average node degree, average edge weight, and graph density were computed(Wise et al.,
2018).

3 Result and Discussion

3.1 Analysis of Student Engagement in Online Discussion Forums

Student engagement in online discussion forums was analyzed based on the number of
participants and the frequency of their participation. Table 3 shows that, for the same
original post, in Round 1, both the teacher and the students participated more compared
to Round 2. In Round 1, the total number of participants was 382, including 2 teachers,
while in Round 2, there were 61 participants, including 2 teachers (see Table 3).

Table 3. Students engagement in terms of the number of participants in the two instances.

Rank Round 1(N = 382) Round 2(No = 61)
1 T1 (285) T1(60)
2 S1(56) S2(2)
3 S2 (41) S6 (2)
4 S5 (33) S1(1)
5 T2 (24) S3(1)
6 S3 (20) S4 (1)
7 S4(19) S5 (1)
8 S6 (16) S7(1)
9 S13 (13) S8 (1)
10 S15(12) T2 (1)

Among the top 10 lists (ranked by degree) in the Round 1 and Round 2 networks,
there were sixteen distinct learners. Apart from T1 and T2, who appeared on the high-
degree lists for both networks, the remaining 16 learners exhibited high degrees in either
one network or the other, but not in both. Although they were labeled as S1, S2, and so
on in both instances, it is important to note that they represent different individuals (see
Table 3). This signifies that the top players in the two networks were distinct individuals.

When examining the frequency of participation, the data indicated that in Round 1,
the two instructors participated significantly more frequently compared to Round 2. T1
ranked Number 1 with a degree of 285 (see Table 3) in Round 1, and T1 also ranked
Number 1 with a degree of 60 (see Table 3) in Round 2. Regarding the high-frequency
participants, in Round 1, there were eight students who ranked among the top frequency
participants. All of them had degrees higher than 10 (see Table 3), with S1 having a degree
of 56, S2 with a degree of 41, and S5 with a degree of 33 (see Table 3). However, in
Round 2, the top two participants had a degree of only 2, while the rest of the participants
all had a degree of 1.
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3.2 Analysis of the Community in Round 1

al. Direct Reply a2. Direct Reply bl. star b2.star

cl.Direct Reply+Star c2.Direct Reply+Star d1. Limited Copresence d2. Limited Copresence

el. Total Copresence e2. Total Copresence

Fig. 3. Visualized graphs of the network

Table 4. Network measure of five networks.

Tie Roundl (N = 382) Round 2 (N = 61)

Definition | ¢ edges | Avg node Avg edge Graph #of edges | Avg node Avg edge Graph
degree(SD) | weight(SD) | density degree(SD) | weight(SD) | density

DR 522 2.945 1.08 (0.286) | 0.007 62 2 1.016 0.032
(15.14) (7.683) (0.127)

S 382 3.52 1.764 0.005 62 4 2.032 0.032
(34.353) (0.514) (15.62) (0.254)

DR +S 633 4.971 1.504 0.009 63 4 2 0.032
(34.579) (0.554) (15.493) (0.311)

LC 40231 217.274 1.034 0.55 1953 66.095 1.066 1
(119.686) (0.254) (15.743) (0.368)

TC 67456 357.133 1.014 0.922 1953 66 1.065 1
(78.69) (0.154) (15.493) (0.358)

The analysis of the five types of social network analysis (SNA) ties corresponds to
content-related discussion posts derived from a main post, which can be considered a
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micro-level analysis within SNA. In Round 1, this main post generated over 50 sub-
threads, more than 500 discussions, and engaged over 380 students in the discussion
(see Table 4). This indicates a substantial level of participation from both the number of
participants and the extent of students’ involvement, showcasing their active engagement.

Instructor T1 actively participated in the interactive discussion, providing guidance
for forum discussions through synchronous meetings held prior to class. With numerous
participants and high frequency of participation, there were both original posts and sub-
thread posts. The characteristics of the five types of ties observed in such a large-scale
and high-frequency discussion involving multiple participants and posts are described as
follows: Direct Reply (DR) serves as a model that objectively illustrates the hierarchical
connections among original posts, replies, and replies to replies.

Regarding the Direct Reply tie, the figure clearly illustrates that the overall forum
posts revolve around the original post by T1 (see Fig. 3 al). Subsequently, with an
abundance of replies and content, additional top posts have emerged, most of which have
received comments from T1. Consequently, many students have followed the instructor’s
lead and actively participated in replying to the top posts, thereby fostering interaction
among students themselves. Notably, the degree of interaction for participants such as
ST1 and ST2 (see Table 5) reached 56 and 41, respectively.

Table 5. Subthread with high interaction degree

Subthread(ST) (T1/T2) Instructor degree Reply Participation(%)
ST1 + 56 14.7%
ST2 + 41 10.8%
STS + 33 8.7%
ST3 + 20 5.2%

Star: The number of students engaging in interactions with teachers is substantial (refer
to Fig. 3 bl), and their distribution is uniformly spread around the teachers, forming a
sphere consisting of equidistant points centered on the teachers. This observation indi-
cates that, within this discourse, students predominantly interact with teachers. More-
over, students in closer proximity to T1 exhibit a higher frequency of interactions with
teachers, whereas students located further away from T1 demonstrate comparatively
fewer interactions with teachers.

Limited Copresence & Total Copresence: Owing to the significant number of par-
ticipants within the same post, as defined by copresence ties, the graph exhibits a high
level of density (refer to Fig. 3 d1, el). However, this density does not appear to hold
substantial relevance for analyzing the network centered around a single original post.
Our focus in this research revolves primarily around examining the dynamics of teacher-
student and student-student interactions under this particular post. Consequently, these
two modes of interaction do not seem to offer distinct advantages in our study.

In this paper, the author contends that when analyzing the aforementioned inter-
actions under a main post, the most effective approach is to employ Direct Reply ties
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to illustrate the patterns of interaction. This perspective diverges from Wise & Cui’s
claim (2018), who argue that DR + Star can adequately depict the nature of interaction.
Nonetheless, the data presented in this paper demonstrate that, in comparison to DR +
Star, employing the DR tie alone enables a clearer representation of high-frequency par-
ticipants, their frequency of interaction, the distinctive community characteristics that
arise from interactions among these high-frequency participants, as well as the formation
of different communities fostered by various high-frequency participants.

3.3 Analysis of the Community in Round 2

The data revealed a hub-and-spoke structure with limited learner-learner interactions,
where the instructor served as the central node (see Fig. 3 a2—e2). Despite a diverse
student population and no online pre-class guidance provided by the instructors, the
main post generated two sub-posts, over 60 discussions, and the participation of more
than 60 students, primarily from the larger society rather than the author’s university.

The analysis of the Fig. 3 (a2-e2) demonstrated a consistent hub-and-spoke structure,
with minimal variation. The tie maps showed limited interaction among participants,
with only two direct replies observed. The similarity among the five tie maps indicated
that using different types of ties had little significance in analyzing a discussion network
with limited interaction. Previous studies also highlighted the instructor-centric nature of
learner interactions in MOOC:s, resembling the hub-and-spoke structure observed here
(Smith et al., 2019; Johnson, 2020, Brooks et al., 2021)). In Round 2, a similar hub-and-
spoke structure was confirmed, further emphasizing the influential role of instructors
due to their position and status in the course.

In the upcoming research phase, the author plans to conduct a qualitative analysis
of the teacher’s intervention in the forum. This analysis will explore strategies such as
questioning, guidance, and encouragement employed by teachers to promote student
participation in online discussion forums.

3.4 Instructors in the Two Communities

3.4.1 Network Structure

Social network analysis revealed differences in interactions surrounding instructors
(T1 & T2) between Rounds 1 and 2 (see Table 6). In Round 1, there were six times
more nodes and eight times more edges compared to Round 2, indicating a larger and
more interconnected community formed around instructor T1. The degree of T1 in
Round 1 was over four times higher than in Round 2, suggesting direct interactions
with a greater number of learners. Both communities showed a significant proportion
of learners solely connected to the instructor. However, Round 1 had higher intercon-
nections among learners compared to Round 2, as indicated by a higher average node
degree. Additionally, Round 1 had a slightly higher average edge weight, implying more
repeated interactions with the same individuals.
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Table 6. Network structures of the two instances (ties based on direct reply).

Round 1 Round 2
# of nodes 383 60
# of edges 522 62
Graph density 0.007 0.032
Avg node degree 2.945 2
(SD) (15.14) (7.683)
Avg edge weight 1.08 1.016
(SD) (0.286) (0.127)
Instructor degree 285 60

3.4.2 Communication Techniques

In Round 1, qualitative analysis identified distinct communication techniques employed
by instructors T1 and T2. T1 used words of encouragement, offered hints, asked leading
questions, and incorporated social presence cues. They motivated learners with phrases
like “Good job!” and “Great! I love your idea of ‘10G’ ~ Great ~” to inspire learn-
ers, utilizing hints to guide independent problem-solving. T1 also employed greetings,
addressed learners by name, and echoed their words to encourage expression of ideas.

Similarly, in Round 1, T2 frequently provided positive feedback and utilized social
presence cues. For example, they praised clear outlines with comments like “Good job!
Your outline is quite clear ~.

To summarize, in Round 1, both instructors made more posts, responded more fre-
quently, and employed distinct communication techniques including supportive words,
hints, questions, and social presence cues. In contrast, in Round 2, T1 posted less fre-
quently and used fewer social presence cues. These differences in instructor participa-
tion may contribute to the disparities observed in the network structures formed during
interactions.

4 Conclusion and Implication

The research findings highlight several key points. Firstly, instructional interventions
effectively enhance student participation, promoting both instructor-learner and learner-
learner interactions. Secondly, instructional intervention can alter the predominant hub-
and-spoke structure in MOOC forums, allowing learners to form their own learning
communities. Thirdly, network analysis demonstrates that defining direct reply ties offers
the clearest depiction of interaction relationships.

This study contributes to the literature by: (1) Revealing characteristics of instructor-
learner and learner-learner interactions in Chinese MOOC discussions. (2) Identifying
the correlation between instructional interventions and student engagement. (3) Pro-
viding insights for instructors on fostering interactive learning communities in MOOC
forums. Teachers and teaching assistants are recommended to participate in targeted
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and planned ways to support students’ independent learning in the era of intelligent
education.

Jung and Lee (2018) emphasized the importance of instructors establishing clear rules
for participation and expected outcomes in MOOCs. This involves defining learning
goals, discussion topics, assessment criteria, and learning expectations. Wang (2022)
suggests that providing clarity on how students should participate in learning activities
and what is required to fulfill the learning tasks enhances engagement.

In terms of blended instruction, teachers should assume guiding roles and maintain
active involvement in the learning process. They can offer training and support to students
in utilizing technology, address obstacles that arise during blended learning, and ensure
students stay on the right path towards achieving their learning goals more effectively
(Tang et al., 2022).

5 Future Research Directions

The present study serves as a pilot investigation on the impact of instructional interven-
tions, featuring asynchronous and synchronous online instruction, to engage students
and enhance interaction. However, it is regrettable that the effects of this intervention
on learning outcomes were not available at the time. Future research is recommended
to compare the teaching effects of such interventions in distance learning settings. It is
important to note that this study primarily aimed to provide objective behavioral vali-
dation of the Online Social Engagement (OSE) through students’ behaviors rather than
solely relying on self-reported data. It does not attempt to measure or claim to measure
all learning that occurs in an online course.

Another limitation of the present study is the lack of analysis on individual small
learning communities within the data. Consequently, the actual impact of instructional
interventions on student engagement was not fully observed in this study.
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Abstract. The rapid growth of online learning platforms presents both challenges
and opportunities for educational institutions. Online learning analytics has the
potential to extract valuable insights from student learning behaviours, and such
insights could offer learners flexible access to educational resources and foster life-
long learning opportunities. This paper reviews the research progress and emerging
techniques in online learning analytics. We first outline the objectives of learning
analytics, emphasising its potential to enhance personalised learning experiences,
and examine key challenges faced in such platforms. We also review state-of-
the-art techniques and explore emerging trends, natural language processing and
multimodal learning analytics in particular. The paper discusses the implications
of online learning analytics for educators and instructional designers, identifies
open research challenges, and inspires further research and innovation to support
learners in their educational journey.

Keywords: learning analytics - student engagement - online learning - natural
language processing - multimodal data

1 Introduction

There has been a significant transformation in education due to the rapid rise of online
learning, and online platforms offer flexibility and accessibility to both educational insti-
tutions and learners. As the digital learning environment continues to evolve, student
learning experiences are being enriched in many ways. For instance, data-driven insights
obtained from online learning data can assist instructors in predicting student achieve-
ments. This paper reviews existing studies and emerging techniques for online learn-
ing analytics, exploring how cutting-edge technologies are shaping our understanding,
assessment, and enhancement of online education.

The growth of online learning has been accelerated by the urgent need for flexible and
remote learning solutions. Consequently, the accumulation of digital footprints within
online learning platforms has generated a substantial amount of data for exploration.
Learning analytics refers to the systematic analysis of such data, which has emerged as
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a significant tool for educators, institutions, and policymakers seeking valuable insights
to make informed decisions.

While the foundation of learning analytics has been established over the years, emerg-
ing techniques are revolutionising the field. These techniques leverage advancements
in artificial intelligence and machine learning, offering unprecedented opportunities to
delve deeper into learner behaviours, motivations, and interactions. By applying these
innovative methodologies, educators and institutions can uncover hidden patterns, tailor
interventions, and ultimately enhance the efficacy of online education.

This paper is organised as follows: we introduce the background and importance of
online learning analytics are provided in the rest of this section. The literature review
is conducted using CiteSpace and VOSViewer, with visualisations presented in Sect. 2.
Section 3 delves into specific techniques, particularly natural language processing and
multimodal learning analytics. The challenges associated with the adoption and imple-
mentation of these techniques are also examined, along with the directions that require
further investigation, discussed in Sect. 4. We conclude this work in Sect. 5.

1.1 Background

The rapid growth of technology has accelerated the integration of online learning plat-
forms into traditional educational settings. This transformation has facilitated data-
driven insights and improved students’ learning outcomes. Online learning analytics has
emerged as a critical tool for enhancing the effectiveness and enriching the experiences
of online learning.

Learning analytics aims to comprehend and enhance online learning by measuring,
collecting, analysing and reporting learners’ data recorded in a digital learning envi-
ronment (Siemens & Baker, 2012). The roots of online learning analytics can be traced
back to the early days of computer-assisted learning in the 1960s and 1970s. However,
it wasn’t until the widespread application of the Internet and learning management sys-
tems (LMS) in the late 20th century that online learning analytics drew the attention of
researchers.

The advent of massive open online courses (MOOCS) and the expansion of online
degree programs generate substantial data from diverse online learners. Such data enable
researchers and instructors to understand how students engage with course content and
collaborate with peers. While traditional education primarily relied on limited data to
inform instructional practices, the emergence of online learning platforms addressed
digital traces including keystrokes, click-streams, and discussion forum posts (Sharma
et al., 2020). This shift led to a greater emphasis on evidence-based and data-driven
decision-making in education.

Learning analytics initially focused on providing instructors with students’ log data
that records their login frequency, messages viewed or posted on discussion forums or
the number of clicks the student has made for specific resources in LMS (Romero et al.,
2013). While data mining algorithms enable us to identify certain patterns from a huge
volume of data, researchers and educators sought to improve their understanding of the
learning process by discovering patterns from students’ log data (Siemens & Gasevic,
2012). Consequently, predictions about student success or identification of students at
risk of dropping out or underperforming became achievable.
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Efficient utilisation of learning analytics makes it possible to identify learner pref-
erences, adjust content delivery, and recommend resources tailored to individual needs.
As online education continues to expand, institutions and educators are recognizing the
potential of learning analytics to enhance online learning experiences.

1.2 Importance of Online Learning Analytics in Education

As online education gains prominence, understanding and harnessing the power of learn-
ing analytics have become imperative for realising the full potential of digital learning
environments.

Online learning analytics empowers educators with insights that were previously
inaccessible in traditional classrooms. More specifically, learning analytics is critically
important in understanding learning and promoting evidence-based practices (Man-
garoska & Giannakos, 2018). By analysing student interactions with online content,
educators can gain a comprehensive understanding of how learners engage with materi-
als, which resources are most effective, and where learners encounter challenges. Instruc-
tors can also tailor their teaching strategies, modify content delivery, and identify areas
that require additional support based on the derived insights. This personalised approach
enhances the effectiveness of instruction and leads to improved learning outcomes.

The diversity of learners in online education requires a more adaptable and per-
sonalised approach to instruction. Learning analytics enables the creation of tailored
learning pathways that cater to individual strengths, weaknesses, and preferences.

Institutions and administrators benefit significantly from online learning analytics as
well. The data-driven insights provided by analytics platforms guide strategic decision-
making at the institutional level. By aggregating and analysing data on course suc-
cess rates, program effectiveness, and learner demographics, institutions can optimise
resource allocation, refine curriculum design, and identify areas for improvement.

2 Literature Review Using VOSviewer and CiteSpace

VOSviewer and CiteSpace were employed to conduct a systematic literature review
of online learning analytics. As tools for bibliometric analysis and visualisation, both
VOSviewer and CiteSpace facilitate the exploration of scholarly publication networks
and create insightful visualisations that highlight the interconnectedness of research
topics as well as emerging trends.

2.1 Data Collection

The literature review was conducted by importing a collection of relevant scholarly
publications obtained from Web Of Science database. The search queries encompassed
a wide range of keywords and phrases related to online learning analytics, including
educational analytics, adaptive educational systems, personalised learning, and educa-
tional data mining. The research area was limited to computer science or educational
research. We further filtered the query’s outcome and refined the publication year from
2014 t0 2023. As aresult, a total of 3,486 publications were included as the most relevant
publications for analysis and visualisation purposes.
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2.2 Visualisation of Analysis Using VOSviewer and CiteSpace

2.2.1 Research Clusters and Themes

The co-occurrence network unveils distinct research clusters by analysing the co-
occurrence of keywords in the literature. The visualisation of the network uncovers
prevalent themes and topics within the field. The derived clusters enable users to have
a structured understanding of the multidimensional facets of online learning analytics.
Figure 1 shows the co-occurrence of keywords from the literature, and it is observed that
four clusters have been identified in previous studies.
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Fig. 1. The co-occurrence network of keywords in online learning analytics literature

Specifically, education data mining is one of the most popular topics in the field, while
clustering, classification and other machine learning algorithms are being widely applied
to explore the valuable insights from educational data. Meanwhile, learning analytics,
closely related to education data mining, has drawn extensive attention from researchers.
Online learning behaviour can be considered as a critical indicator of student engage-
ment, learning outcomes and performance. MOOC:s are key sources of educational data,
and learning analytics benefits online learning and higher education in numerous ways.
It is worth noting that students’ feedback should be addressed in the analysis of edu-
cational data. Deep learning has also received extensive study to enhance personalised
recommendation systems. Additionally, personalised learning, adaptive learning, and
profiling student learning styles are themes that are closely associated with e-learning
systems.
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2.2.2 Influential Authors and Research Organisations

The co-authorship network unveils authors and research organisations that have collab-
orated extensively or significantly contributed to the advancement of the field. Figure 2
provides an overview of the co-authorship network of authors. Through analysis of
the co-authorship network, we have identified several influential authors and prolific
research groups. The colours assigned to authors indicate scores based on the average
publication year of their studies.
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Fig. 2. The co-authorship network of authors in online learning analytics literature

2.2.3 Emerging Trends

By analysing the keyword co-occurrence in the literature spanning from 2014 to 2023,
we have identified emerging trends and shifting research emphasis in online learning
analytics over time. Figure 3 presents the top 20 keywords with the strong citation bursts,
highlighting the evolution of key concepts and themes within the field. While learning
styles, intelligent tutoring systems and data mining were recognized as trends driving
increased attention and citation before 2018, researchers have increasingly explored the
application of deep learning in online learning systems since 2021. Additionally, there is
a growing interest in sentiment analysis, reinforcement learning, graph neural networks
and personalised recommendation systems.
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Keywords Year Strength Begin End 2014 - 2023
learning styles 2014 7.922014 20716 wuum
intelligent tutoring systems 2014 7.862014 20717 wum
semantic web 2014 6.322014 2017 s,
ontology 2014 5242014 2015
data mining 2014 5142014 2016 wuum
big data 2014 5.882015 2018
interactive learning environments 2015 5142015 2016
adaptive educational systems 2015 5.052015 2017  puum
bayesian networks 2015 4132015 2017
learning objects 2015 42015 2016
adaptation quality 2016 5.052016 2017 o
implicit feedback 2019 4.182019 2020 -
prediction 2019 3.892020 2023 —
knowledge graph 2021 7.742021 2023 —
task analysis 2020 5.312021 2023 —
deep learning 2014 5.032021 2023 pa—
recommendation system 2018 5.012021 2023 —-—
reinforcement learning 2021 4922021 2023 p—
graph neural network 2021 492021 2023 fa—
sentiment analysis 2016 4.17 2021 2023 -—

Fig. 3. Top 20 Keywords with the strongest citation bursts

3 Emerging Techniques for Online Learning Analytics

The swift expansion of online learning has accelerated the exploration of innovative
techniques within the field of learning analytics. By providing deeper insights into student
behaviour, engagement, and performance, these emerging approaches could potentially
enrich students’ online learning experiences. This section delves into the forefront of
emerging techniques and explores their practical implementations in the domain of online
learning analytics.

3.1 Natural Language Processing

Natural language processing (NLP) aims to enable computers to understand natural
language texts and conduct relevant tasks with the given texts. It gives insights from tex-
tual interactions within digital environments. By leveraging NLP’s capabilities in online
learning analytics, researchers and instructors could potentially understand students’
sentiments, estimate engagement levels, comprehend their online learning experiences,
and facilitate automated essay scoring.

Through the examination of students’ posts in discussion forums of MOOC:s, positive
or negative emotions could be identified (Kumar et al., 2020). Such emotions extracted
from students’ sentiments are key indicators of their attitudes toward the course and over-
all success (Crossley et al., 2016, Robinson et al., 2016). Click-stream logs in MOOCs
record students’ online behaviours, including the time or counts that students interact
with certain contents. These data logs are useful in understanding students’ completion
and engagement in MOOCs (Boyer & Veeramachaneni, 2015, He et al., 2015, Sharma
et al., 2015, Seaton et al., 2014). While a single source of data may fail to capture stu-
dents’ differences, Crossley et al. (2016) studied click-stream data and combined NLP
indices to predict MOOC completion. Moreover, Robinson et al. (2016) developed a
model that predicts students’ achievement using NLP from unstructured text responses.
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Students’ posts in discussion forums could also enable the analysis of interactions
among students or enhance the communication between instructors and students. Specif-
ically, Wang and Xu (2023) established collaborative relationship networks and inves-
tigated the impact of social, topic and attribute relationships of learners according to
the data indicating their behaviours and generative texts. Besides, NLP-driven chat-
bots empower online learning platforms by offering students instant assistance or guid-
ance. The personalised nature of communication with such chatbots makes the learning
environment more engaging. For instance, Gonzdlez-Gonzélez et al. (2023) proposed
a chatbot architecture and integrated it into a Gamified Learning System to engage
students.

Furthermore, NLP ensures fairness and objectivity in essay scoring by analysing the
structure, coherence, grammar and content of writing assessment. Personalised feedback
is also available to assist learners in improving their writing. NLP plays an essential role
in providing efficient and consistent assessment of writing assignments (Gardner et al.,
2021). Pribadi et al. (2017) investigated short answer scoring methods, while Taghipour
and Ng (2016) explored neural network models in automated essay-scoring systems.

NLP transforms online learning analytics by facilitating sentiment analysis, com-
prehending collaborative relationships and automated assessment. In particular, online
learning experiences could be further enriched by crafting personalised learning journeys
with the continued incorporation of NLP in digital learning environments.

3.2 Multimodal Learning Analytics

While various types of data are available in an online learning environment, including
click-streams, keystrokes, or posts in forums, researchers and educators extend conven-
tional analytics by integrating diverse data modalities. This holistic approach captures
students’ learning experiences from different perspectives and addresses their interaction
with varied content formats (Mitri et al., 2018).

With the development of technologies capturing data from human activity, tracking
learners’ behaviour through biosensors, wearable cameras, eye tracking or online activity
logging has become possible. Comprehensive insights could be obtained from these
data collection and sensing techniques, describing learners’ activities from multiple
dimensions (Blikstein & Worsley, 2016). Sharma et al. (2020) considered eye-tracking
data to profile students and predict student achievements. Moreover, several studies
investigated eye movement or eye contact in learning processes to motivate students or
understand cooperative relationships (Sharma et al., 2019, D’ Angelo & Begel, 2017,
Schneider et al., 2018, Ding et al., 2017).

Apart from learning behaviour data and facial expression data, researchers also
explored physiological data during the learning process. Specifically, Mills et al. (2017)
detected cognitive load by measuring electroencephalograms during learning. In terms
of emotion recognition, studies have been conducted by monitoring skin temperature,
blood volume pulse or breath respiration (Yin et al., 2017, Mu et al., 2020).

The wide range of modalities provides instructors with profound insights into learn-
ers’ cognitive processes, attention patterns and learning preferences. While multimodal
learning analytics can be considered an essential component in devising individualised
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and effective instructional strategies, addressing the fusion of multimodal data is crucial
to facilitating the development of multimodal learning analytics (Mu et al., 2020).

4 Challenges and Future Directions

As analytics delve deeper into learners’ data, it is critical to ensure data privacy and
ethical considerations become paramount. Striking a balance between data collection and
respecting individual privacy issues is essentially required. Moreover, there is a challenge
in effectively integrating emerging techniques into pedagogical practices. Educators
need to understand how to interpret analytics insights and translate them into actionable
strategies that improve learning outcomes.

Implementing sophisticated analytics techniques at scale requires significant com-
putational resources, infrastructure, and expertise. Institutions should address resource
limitations while ensuring that analytics initiatives can accommodate larger student
populations without compromising the quality of insights.

Future directions in online learning analytics involve enhancing the transparency
and interpretability of Al-driven insights. Developing models that provide explanations
for their predictions can empower educators to make informed decisions and understand
the rationale behind analytics recommendations.

Coupled with adaptive learning systems, real-time insights can enable on-the-fly
adjustments to content, pacing, and interventions in online education, providing students
with personalised and dynamic learning experiences.

As online education becomes more prevalent, longitudinal analysis tracking learn-
ers’ journeys over time is gaining importance. This includes understanding how online
learning experiences influence lifelong learning, career trajectories, and continuous skill
development.

5 Conclusion

In this paper, we review the research progress and emerging techniques of online learn-
ing analytics. Keyword co-occurrence networks and research trends are visually pre-
sented using CiteSpace and VOSViewer. We also delve into natural language processing
and multimodal learning analytics and discuss their application and implementation in
learning analytics. The integration of emerging techniques in online learning analytics
is challenging. Challenges are addressed related to data privacy, integration with peda-
gogy, and resource constraints. We discuss the implications of online learning analytics
for educators and instructional designers, identify open research challenges, and inspire
further research and innovation to support learners in their educational journey.

Acknowledgement. The authors acknowledge the support of the 2022 Open University of China
Youth Research Grant (Q22A0009).
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Abstract. Early identification of at-risk students has been recognised as being of
the utmost importance for the provision of timely support. Despite the prevalent
use of learning analytics in this regard, little attention has been paid to systemat-
ically surveying and summarising relevant latest work. To address the literature
gap, this paper reviews the use of learning analytics to support prediction of at-
risk students. The study covers 138 research articles published between 2013 and
2022 which were collected from the Scopus database. Through a content analysis
approach, the relevant work was examined in terms of the prediction objectives,
the types of data collected, the techniques used for prediction, and the metrics
employed for evaluation of prediction performance. The findings reveal a strong
scholarly interest in the prediction of students’ learning performance to identify
those who are potentially at risk. The common types of data collected are related
to students’ previous academic performance, socio-demographics, and learning
behaviours, particularly those on learning management systems. The most fre-
quently used techniques for prediction are decision trees, neural networks, and
Bayesian networks. The results also show the widespread use of classification
accuracy, recall, sensitivity, and true positive rate as the performance metrics. The
findings contribute to advancing our understanding about the potential of learn-
ing analytics for at-risk student prediction, as well as informing the provision of
timely and proper support for specific student groups.

Keywords: At-risk students - prediction - learning analytics - student support

1 Introduction

The importance of identifying at-risk students to provide them with timely and appropri-
ate learning support has been recognised in contemporary education. Early identification
of at-risk students has been greatly supported by the development of learning analytics
in the past decade. Learning analytics refers to “the measurement, collection, analysis,
and reporting of data about learners and their contexts, for purposes of understanding
and optimizing learning and the environments in which it occurs” (Long & Siemens
2011, p. 34). With the data related to student learning being systematically managed and
analysed, institutions can make predictions about student learning and find out those
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who are likely to fail in or drop out from a course. This type of precautionary work plays
an important role in assisting instructors in tailor-making targeted and evidence-based
interventions for students in need of additional learning support.

Considerable scholarly attention has been devoted to using learning analytics to
support teaching and learning. For example, van Leeuwen et al. (2015) investigated
the impacts of learning analytics for collecting and processing information about stu-
dents’ cognitive activities to facilitate teachers’ diagnoses and interventions. Cerezo
etal. (2016) analysed students’ interactions on Moodle and their learning achievements
using data mining techniques. Kim et al. (2018) examined the use of learning analyt-
ics to support self-regulated learning in asynchronous online courses. Herodotou et al.
(2020) explored the extent to which learning analytics could inform the design of moti-
vational interventions and their impacts on student retention. Cloude et al. (2021) studied
the use of game-based learning analytics to support student learning. Zamecnik et al.
(2022) focused on the impacts of learning analytics dashboards on students’ course
performance. These studies have highlighted the importance of learning analytics for
teachers and students in terms of providing pedagogical insights into the areas and ways
to optimise teaching and learning.

Systematic reviews have also been conducted to analyse what has been done and
found in the field of learning analytics (e.g., Alban & Mauricio 2019; Alwarthan et al.
2022; Lépez-Zambrano et al. 2021; Srivastava & Ahmad 2022). While these reviews have
informed the ways to further advance related studies and optimise teaching and learning,
little attention has been paid to systematically surveying and summarising relevant latest
work on the prediction of at-risk students through learning analytics. The present study
therefore aims to review relevant work and, in particular, address the following research
questions:

e What types of prediction have been made in relation to identifying students who are
potentially at risk?

e What data and techniques have been used to predict students who are potentially at
risk?

e What performance metrics have been adopted to evaluate the predictions of at-risk
students?

2 Related work

Previous review studies on learning analytics have addressed a broad range of areas. For
example, Wong (2017) and Wong et al. (2018) examined the overall developments and
trends of learning analytics practices in higher education, and Li et al. (2018) focused
particularly on the implementation of learning analytics in Asia. On specific areas of
development, Li and Wong (2020) surveyed the trends of learning analytics in STEM and
STEAM education. Wong et al. (2022) analysed how learning analytics has facilitated
personalised learning. Li et al. (2023) presented the use of predictive analytics to support
student admission.

Reviews related to the use of analytics techniques to support at-risk students have
also covered various areas. They have addressed, for example, student success, drop-out
and retention, (Li et al. 2022; Shafia et al. 2022; Tamada & de Magalhaes Netto 2019),
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and student performance (Alamri & Alharbi 2021; Albreiki et al. 2021; Alwarthan et al.
2022; Lépez-Zambrano et al. 2021; Srivastava & Ahmad 2022).

There is a range of work which has examined the prediction of at-risk students. For
example, an early study by Stuenkel (2006) investigated the use of standardised exami-
nations, course grades, and entrance criteria to identify at-risk students, and found that
these were effective predictors for achieving the purpose. The findings serve to inform
when to provide early interventions for students potentially at risk, such as the period
of admission to a programme when entrance criteria could be used for advising stu-
dents, and the period of entry to a study major when students show a low GPA or low
grades in their prior courses. Hawken et al. (2014) examined the use of check-in and
check-out interventions for students at risk of emotional and behavioural disorders. The
authors observed that this type of intervention was, in general, helpful in reducing stu-
dents’ problem behaviours and increasing appropriate social and academic behaviours.
Kremer et al. (2015) studied the effects of after-school programmes on externalising
behaviours and school attendance with at-risk students. They found that simply imple-
menting these programmes may not be enough to have positive impacts on desirable
outcomes without building in specific mechanisms to impact those outcomes.

The use of learning analytics has become increasing popular in recent work for
predicting students at risk. For example, Choi et al. (2018) utilised student response
systems to collect data related to students’ learning status to identify those who may
have encountered difficulties in learning. They also comprehensively analysed various
intervention approaches and proposed a mechanism of systematic proactive intervention
to deal with various types of at-risk student at different times during a course. Fahd
et al. (2022) surveyed the use of various machine learning models, evaluation metrics,
and criteria for assessing students’ academic performance, risk, and attrition in higher
education, and identified the most frequent adoption of classification models, regression,
and clustering. Their results have provided insights into identifying the characteristics
of analytics techniques for at-risk student prediction and future research directions.

Despite the various studies on the application of learning analytics for at-risk stu-
dent prediction, little attention has been paid to reviewing them and summarising their
patterns. Among the limited related studies, Na and Tasir (2017) examined how at-risk
students could be identified by analysing students’ online learning behaviours. In terms
of research purpose, they found that a majority of relevant publications focus on iden-
tifying the attributes or indicators of at-risk students. As regards the data employed
for identifying at-risk students, learning level and network data were found to be more
frequently used than other types, such as learning emotion. Regarding the types of
analytic technique used, logistic regression and decision trees were found to be most
common. As for the strategies to help at-risk students, interventions related to course
designs, instructional materials, pedagogical recommendations, and teaching methods
are mostly recommended. However, this study was restricted to the context of online
learning and only to publications up until 2017.

To address the literature gap, the present study aims to extend the line of inquiry by
surveying and analysing what has been done and found in relation to the recent work
on the prediction of at-risk students through the use of learning analytics. The results
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provide us with the most up-to-date account of the field, including its latest research
developments and future research directions.

3 Methodology

3.1 Data Collection

For the present study, relevant articles were collected from Scopus—a publication
database commonly used for literature reviews. The set of keywords [“learning ana-
lytics” and (“predict” or “prediction”)] was used for searching relevant articles, and the
period of publication was set from 2013-2022. An initial search yielded a total of 232
results. Each was checked and screened based on the following selection criteria: (i) the
article reports on an empirical study on the use of learning analytics for at-risk student
prediction, (ii) it was written in English, and (iii) it was available in full text. Articles
which failed to meet any of these criteria were excluded from the present study. Finally,
a total of 138 articles were selected for review and analysis.

3.2 Data Analysis

The selected articles were reviewed using a content analysis approach. Each article was
first skimmed to gain an overall understanding of the work, and relevant information in
the article related to the research questions of this study was identified, including (i) the
types of prediction made for identifying students who are potentially at risk, (ii) the data
and techniques used to predict at-risk students, and (iii) the performance metrics adopted
to evaluate the predictions. The identified information was coded and categorised first
by a researcher and then checked by one of the authors of this paper. Divergence in the
judgement of coding was discussed until an agreement was reached. Based on the coding
results, the patterns related to the use of learning analytics for at-risk student predication
were analysed.

4 Results

4.1 Number of Publications

Figure 1 shows the number of the publications between 2013 and 2022. There has been
an overall increasing trend in the amount of relevant work throughout the period. The
number remained low in the early years, with no more than three publications in each
year between 2013 and 2015. Then there was an increase in the number, particularly
since 2019. The number of publications reached 35 in 2020, which was the largest
throughout the entire period. These results reveal the rapid development in the use of
learning analytics techniques for prediction of at-risk students in recent years.
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Fig. 1. Number of publications between 2013 and 2022

4.2 Areas of Prediction

Figure 2 presents the areas of prediction made for identification of at-risk students
in the studies reviewed. Four areas of prediction were identified. Students’ academic
performance, such as quiz and examination scores, course grades, and GPA, was most
commonly predicted as an indicator of their risk level, covering 72.1% of the studies.
This is followed by students dropping out of their courses/programmes, which accounts
for 26.4% of the studies. Only a very small proportion of studies focused on prediction
of student engagement and assignment submission, i.e., 0.7% for each of these two
areas. The results show that at-risk students were most frequently defined and identified
through their academic performance and dropout rate.

Engagement Assignment submission
0.7% 0.7%

Course/Programme
dropout
26.4%

Academic
performance
72.1%

Fig. 2. Areas of prediction made in the studies reviewed

4.3 Data Used for Prediction

Figure 3 shows the data used to predict at-risk students in the studies. Five types of
data were identified. Data related to students’ previous academic performance (e.g.,
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course grades and test scores) was most frequently used, i.e., 62.3% of the studies.
This is followed by socio-demographic data (50.7%) such as gender, age, and family
income, data about activities on learning management systems (44.9%) such as time and
frequency of participating in learning activities, and academic records (35.5%) such as
admission test scores and number of course activities taken. Data about learning habits
and behaviours (e.g., participation in after-school tutoring courses) only accounts for
7.2% of the studies.

Previous academic performance I 62.3%
Socio-demographic data IS 50.7%
LMS activity data [ 44.9%
Academic records N 35.5%

Learning habits and behaviours M 7.2%

0% 10% 20% 30% 40% 50% 60% 70%

Fig. 3. Data used to predict at-risk students

4.4 Techniques Used for Prediction

Figure 4 illustrates the analytics techniques used for prediction. A total of 13 techniques
were identified. More than half of the studies (52.9%) adopted decision trees as the
prediction technique. This is followed by Bayesian networks and neural networks, with
each accounting for 34.8% of the studies, and then support vector machines (30.4%),
logistic regression (26.8%), and random forests (26.8%). It is worth noting that 84 of the
138 studies reviewed (i.e., 60.9%) employed more than one technique for prediction.

4.5 Performance Metrics Used to Evaluate Predictions

Figure 5 presents the top 10 performance metrics used to evaluate the predictions of at-
risk students. Only about 88% of the publications report the performance metrics used.
Accuracy is the most frequently used performance metric, which was adopted in 63%
of the studies. This is followed by recall/sensitivity/true positive rate (44.2%), precision
(36.2%), and F-measure/F-score/F1-meausre/F1-score (29.7%). Similar to the results of
the analytics techniques above, a majority of the studies (63.8%) adopted more than one
performance metric for evaluation.
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5 Discussion and Conclusion

The findings of this study present an overview of the use of learning analytics for pre-
diction of at-risk students. Regarding the areas of prediction, most of the studies focused
on identifying students who are likely to fail a course or have poor academic perfor-
mance. Academic failure is also closely related to student dropout, and its prediction
helps determine the various learning difficulties that students face (Bedregal-Alpaca
et al. 2020). Early detection of students’ possible academic failure is therefore important
for addressing their difficulties in a timely manner and reducing the likelihood of their
dropping out. In terms of the data used for prediction, the common use of students’
previous academic performance, socio-demographic data, academic records, and LMS
data could be attributed to their easy access from institutional databases, as well as the
strong association of students’ academic performance (Alturki & Alturki 2021).

The broad range of analytics techniques used in the prediction studies and the com-
mon pattern that most studies employed multiple techniques reveal that no single tech-
nique could consistently show the best prediction performance among the available tech-
niques. As indicated by Priyasadie and Isa (2021), each technique performs differently
depending on the attributes and data set used. This suggests a need to experiment and
compare various techniques to determine the most suitable ones in every implementation
case.

A majority of the studies used accuracy as a performance metric for evaluation of
prediction results. Nevertheless, it should be noted that the accuracy metric may not be
sufficient on its own to reliably show the performance of a prediction technique. In cases
where the data are not evenly distributed, the evaluation results from this metric can be
misleading (Barros et al. 2019). This also suggests the need to adopt multiple perfor-
mance metrics to provide comprehensive and reliable evaluation results of prediction
performance.

These findings contribute to informing the potential future work to be conducted.
Given the rapid development of artificial intelligence in recent years, future research
could examine the use of the latest relevant artificial intelligence techniques for prediction
of at-risk students. Moreover, the factor of academic disciplines could be studied to
find out whether there are differences between the patterns of at-risk students studying
in various academic disciplines. Further analysis should also be done to uncover the
relationships among the various areas of prediction, the data and techniques used, and
the performance metrics, all of which would be helpful for identifying the suitable
combination of them in different contexts for prediction.
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Abstract. This study aimed to enhance vocabulary acquisition among university
graduates using a personalized system that incorporates two strategies based on the
involvement load hypothesis: context readability and task diversity. Context read-
ability involves understanding learners’ interests and suggesting learning tasks
within their preferred contexts, while task diversity focuses on tracking learners’
progress and recommending various learning tasks to ensure comprehensive train-
ing for each target word. To evaluate the effectiveness of the proposed system, 30
university graduates were divided into three groups: a control group, a group with
only task diversity, and a group with both context readability and task diversity.
The learning performance of participants was assessed through pre- and post-
vocabulary tests. Results show that integrating both strategies is most effective in
enhancing vocabulary acquisition for university graduates. Future research could
refine the system and explore additional strategies for diverse learner populations.

Keywords: vocabulary acquisition - personalized learning - context readability -
task diversity

1 Introduction

The advent of online resources like mobile apps and MOOCs has revolutionized lan-
guage learning, offering a lifeline to university graduates who lack access to traditional
educational platforms (Fang et al. 2022). However, this wealth of resources can be a
double-edged sword, leading to information overload that hampers effective vocabulary
acquisition (Bawden & Robinson 2009). The complexity of mastering various aspects
of vocabulary adds another layer of difficulty (Kalyuga & Kalyuga 2008). For university
graduates, who often juggle limited study time with work pressures, these challenges
are intensified (UBS 2015). While self-paced learning offers flexibility, it can also result
in a narrow focus on a particular aspect of word usage (Zou et al. 2014) and a decrease
in learning motivation (Shen et al. 2009).
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Against this backdrop, this study aims to improve vocabulary acquisition for univer-
sity graduates by introducing a personalized learning system that employs two strate-
gies: context readability and task diversity, based on the involvement load hypothesis
(Laufer & Hulstijn 2001). Context readability tailors learning tasks to individual inter-
ests, while task diversity offers varied exercises for comprehensive word training. The
study also evaluates the system’s effectiveness on the learning performance of partici-
pants. The results could inform the design of personalized language learning systems,
especially for university graduates, who are frequently overlooked in existing research
(Xie et al. 2019).

2 Related Work

2.1 Vocabulary Acquisition

Vocabulary acquisition is a vital aspect of second language development, impacting both
reading and writing skills (Schmitt 2008). It involves not just learning new words but also
understanding their usage in different contexts. Researchers in vocabulary acquisition
focus on two main areas: measuring vocabulary knowledge and understanding the learn-
ing process. The former includes assessing the range of words a learner knows (breadth)
and their proficiency in using those words (depth), often through vocabulary-level tests
and word association tests (Bahar & Hansell 2000; Read 2007). The latter explores how
vocabulary is learned, either intentionally through focused study or incidentally through
natural exposure (Schmitt 2008). Some studies suggest that a combination of both inten-
tional and incidental learning is most effective (e.g. Sok & Han 2020). Additionally, the
advent of technology has transformed the landscape of vocabulary learning through the
introduction of digital platforms such as games and mobile apps. These platforms not
only make learning more engaging but also allow for personalized, adaptive learning
experiences (Zhang & Perez-Paredes 2021).

2.2 Context Readability and Task Diversity

Prior studies have explored various methods for creating personalized vocabulary learn-
ing systems that recommend specific materials and activities to individual learners (e.g.
Huang et al. 2012; Tsai et al. 2016). However, these systems often lack a solid ground-
ing in linguistic theories for making these recommendations. One such theory, namely
“involvement load hypothesis”, suggests that the effectiveness of vocabulary learning
is influenced by the level of learner involvement in the task (Laufer & Hulstijn 2001).
This involvement is determined by three key factors: need, search, and evaluation. Two
strategies, “context readability” and “task diversity”, align well with this hypothesis.
Context readability focuses on recommending tasks that are relevant to the learner’s
interests, thereby increasing their motivation or ‘need’ to learn new words. Task diver-
sity, on the other hand, aims to improve vocabulary proficiency by offering a variety of
tasks that challenge different cognitive aspects like ‘search’ and ‘evaluation’. Despite
the promise of these strategies, there is a research gap concerning their combined effec-
tiveness, particularly for adult learners like university graduates. The current study aims
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to fill this gap by investigating the effect of integrating both context readability and task
diversity into personalized vocabulary learning systems, specifically focusing on learner
performance in vocabulary acquisition.

3 Method

3.1 Study Context

This research is a part of a larger university-funded initiative named “A personalized
task recommendation system for vocabulary learning based on context readability and
task diversity for university graduates”. The research took place from September 2022
to June 2023 at a Hong Kong university with a specialization in teacher education. The
main objective was to assess the effectiveness of a personalized vocabulary learning
system that integrates both context readability and task diversity. University graduates,
who participated in this study, were asked to engage in a two-week, self-directed online
vocabulary learning using a personalized vocabulary learning system.

3.2 Participants

Participants in this study included 30 university graduates in Hong Kong who were inter-
ested in improving their vocabulary knowledge. Before the study began, all participants
gave their written consent and filled out a questionnaire that collected basic demographic
information, such as gender, age, and year of graduation. Among the participants, 18
were males and 12 were females, with ages ranging from 24 to 28 years (M = 25.4, SD
= 1.1). They had graduated within the past 1 to 3 years, and they all represented the
academic discipline of Information and Communication Technology (ICT).

3.3 Design of the Personalized Vocabulary Learning System

In the personalized vocabulary learning system, learners are recommended to under-
take specific vocabulary learning tasks. As previously discussed, the system employs
two strategies: (i) context readability, in which task recommendations are based on the
learner’s prior familiarity with certain domains—such as recommending vocabulary
tasks related to computer science for learners who are familiar with computer science
articles; and (ii) task diversity, where learners who have mainly engaged in one type of
exercise are subsequently advised to undertake alternative types of exercise. For exam-
ple, like cloze exercises, are advised to explore alternative task types, such as sentence
writing exercises.

The personalized vocabulary learning system used in this study focuses on teaching
20 target words, as listed in Table 1. These words are not among the 9,000 most frequently
used words in Davies’ (2012) Corpus of Contemporary American English (COCA).
Given that the average person’s English vocabulary size ranges from 6,700 to 9,000
frequent words, it is expected that our participants lack familiarity with these target
words.

Regarding context readability, tasks were created in two distinct contexts: one in a
general context and the other specifically focused on ICT. In terms of task diversity, four



132 G. Cheng and D. Zou

types of tasks were developed. These include cloze exercises, where learners are asked to
identify the correct word choice to fill in the blanks; sentence writing, where learners are
asked to use the target word to create an original sentence; and reading comprehension,
where learners are given an excerpt from an article and must write down the semantic
meaning of the target words within that excerpt. Some representative tasks from these
categories within general and specific contexts are given in Tables 2 and 3, respectively.
Learners would receive the system’s feedback on each completed task. For the tasks
of sentence writing and reading comprehension and inferencing, ChatGPT generates
feedback on the quality of the learner’s writing. Figure 1 illustrates the overall design of

the system and Fig. 2 shows the screenshot of the user interface.

Table 1. List of the target words.

Word Part of Speech Rank order in COCA
Abscond Verb 30,537
Iconoclast Noun 32,195
Ebullient Adjective 27,715
Obfuscate Verb 23,438
Dilettante Noun 32,445
Hapless Adjective 15,863
Inculcate Verb 21,481
Ennui Noun 27,759
Recumbent Adjective 35,855
Bifurcate Verb 35,710
Incongruity Noun 24,200
Quizzical Adjective 27,307
Impugn Verb 25,514
Juggernaut Noun 18,415
Pernicious Adjective 17,104
Ingratiate Verb 30,247
Intrepidity Noun 61,217
Erudite Adjective 23,446
Admonish Verb 14,368
Munificence Noun 51,902

3.4 Measure

To measure their vocabulary proficiency of participants, they were given both a pre-test
and a post-test before and after using the personalized vocabulary learning system. In
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Table 2. List of sample tasks with general context.

Task type Task description

Cloze exercise Upon realizing that the police were on their way, the thief decided
to with the stolen jewels

Sentence writing Write an original sentence using the target word ‘iconoclast’

Reading comprehension | ‘During the town’s annual festival, Lucy’s ebullient spirit was
impossible to miss. She danced through the streets, laughing and
singing, bringing smiles to the faces of everyone she passed. Her
radiant energy was infectious, making even the most reserved
individuals join in the festivities with renewed vigor.” What is the
meaning of tha target word ‘ebullient’ in this passage?

Table 3. List of sample tasks with specific context.

Task type Task description
Cloze exercise After discovering a security vulnerability in the company’s software,
the programmer decided to with sensitive user data without

notifying his superiors

Sentence writing Write an original sentence using the target word ‘iconoclast’ within
the context of information technology

Reading comprehension | ‘In the software team, many engineers were busy with their work.
But when something good happened or a problem was fixed, Kevin’s
ebullient spirit was obvious. He was really happy about any
progress, which made everyone feel better and work harder.” What is
the meaning of tha target word ‘ebullient’ in this passage?

each test, participants were required to write down the meaning and create an original
sentence for each target word. The scoring system, based on Zou’s (2017) methodology,
was applied to each of the 20 target words covered in the system. A score of 0 was
given if the meaning was completely incorrect, 1 if it was a semantically acceptable
equivalent of the target word, and 2 if it was comparable to the meaning of the target
word. Similarly, for sentence writing, a score of 0 was assigned if the sentence had a
completely inappropriate semantic context for the target word, 1 if the sentence had an
appropriate semantic context but the use of the target word was grammatically incorrect,
and 2 if the sentence had an appropriate semantic context and the use of the target word
was grammatically correct. Therefore, the total possible score ranged from 0 to 80.

3.5 Procedure

The procedure involved three major steps. The first step was to examine participants’
understanding of the target words using a pre-test before the start of the study. This was
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done to ensure their homogeneity in vocabulary proficiency. In the second step, partic-
ipants were randomly assigned into one of three treatment groups, each containing 10
members. Group A did not receive any recommendations on learning tasks, and they
selected and attempted vocabulary learning tasks at their own pace. Group B received
recommendations on learning tasks from the system, with only the feature of task diver-
sity included. Group C received recommendations on learning tasks from the system with
both features of context readability and task diversity. The duration of this second step
was approximately two weeks. The final step was to administer a post-test to these three
groups. Differences in the post-test results among the groups were evaluated to examine
the effectiveness of the proposed system. Figure 3 provides a visual representation of
the research procedure.

Task request

Target words and their
associated tasks and answers

Recomended Recommended
Kk task type
task  closed-ended
learner’s Determine the task '::;(:mes
answer Recommended type based on YP! |
task diversit
Learner task context y - f
—_—— story o
Result of istory
— attempted tasks
answer
checking A
1 Determine the task <—msl?§;:::x(s
fsys:m ls( context based on
ecdbac context readability
Learner's ; —_—

answer

Provide feedback New attempted task entry

on learner's answer

Open-ended

N ChatGPT's
learner's
response
answer

ChatGPT

Fig. 1. Overall design of the personalized vocabulary learning system
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Personalized Task Recommendation System

Use ICT context
Task diversity
Select a task type
Clozed exercise Sentence writing © Reading comprehension
System message

The IT manager admonished the team for not regularly updating their passwords, emphasizing the importance of maintaining strong security practices. [Write
down the meaning of the target word: admonish]

Submit Answer New Task

Fig. 2. Screenshot of the user interface

4 Results and Discussion

Figure 4 presents a box plot that delineates the distribution of the post-test scores across
the three groups. This graphical representation serves to provide an overview of the
data’s central tendency and variability. In terms of statistical assumptions, the post-test
scores for each group were subjected to the Shapiro-Wilk test to assess normality. The
results confirmed that the data for Group A (W = 0.895, p = 0.194), Group B (W =
0.920, p = 0.359), and Group C (W = 0.874, p = 0.113) were normally distributed.
Additionally, the Levene’s test was employed to verify the homogeneity of variances
across the groups, yielding an F-value of 0.387 and a p-value of 0.683. The fulfillment
of both data normality and variance homogeneity conditions validates the use of one-
way Analysis of Variance (ANOVA) and subsequent post hoc analyses for comparing
performance scores among the three groups.

As shown in Table 4, the results of the one-way ANOVA revealed a significant
difference between the groups [F(2, 27) = 24.90, p < 0.001]. Post hoc comparisons
using Tukey’s HSD test indicated that Group B significantly outperformed Group A (p
=0.01) and that Group C significantly outperformed Group A (p < 0.001) and Group B
(p = 0.002). The effect size for the test, as measured by nz, was 0.648. This large effect
size suggests that approximately 64.8% of the variability in performance scores can be
attributed to the different group memberships. Such findings indicate that the intervention
applied to Group C was particularly effective in enhancing students’ performance scores.
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Fig. 4. Distribution of the post-test scores across the three groups

Table 4. Results of the one-way ANOVA.

Sum of Squares df Mean Square F Sig
Between Groups 1174.200 2 587.100 24.901 <0.001
Within Groups 636.600 27 23.578
Total 1810.800 29
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S Concluding Remarks

The present study aimed to investigate the effectiveness of a personalized vocabulary
learning system that recommends vocabulary learning tasks to university graduates. The
study was designed with three groups: Group A, which received no recommendations;
Group B, which received recommendations based on task diversity; and Group C, which
received recommendations based on both context readability and task diversity. The
findings suggest that the system’s recommendations, especially those that incorporate
both context readability and task diversity, could make a substantial positive impact on
vocabulary learning outcomes.

While the results are promising, there are several avenues for future research. First,
the study duration was relatively short, lasting only two weeks. Longer-term studies could
provide more insights into the sustained effects of the system on vocabulary acquisition.
Second, the sample size was limited to 30 participants from the same discipline. Future
studies could benefit from a more diverse sample to generalize the findings. Addition-
ally, the study only examined two features—context readability and task diversity—for
task recommendations. Future research could explore other features, such as learners’
cognitive styles, to assess their impact on learning outcomes. Subsequent research could
also employ qualitative methods, such as interviews or open-ended questionnaires, to
gain a more comprehensive understanding of how learners interact with the system and
how it impacts their motivation and engagement.
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Abstract. The lack of a compelling educational theory underlying the advance-
ment of Personal Learning Environments (PLEs) has an impact on PLE imple-
mentation in Higher Education (HE). The purpose of this article is to introduce the
concepts and theoretical framework of PLEs in the context of higher education.
Constructivism, Connectivism, and Cognitivism have all been used in previous
studies to explain the principles and implementations of PLEs. However, in order
to promote the development of PLEs in higher education, a comprehensive theo-
retical framework is required. We developed the Society, Policy, Education, and
Technology (SPET) framework to explain the environmental factors involved in
accelerating the promotion of PLEs, beginning with redefining the value of Higher
Education. Furthermore, we created a PLE framework that incorporates four major
perspectives in the educational field to explain the internal factors of PLEs. These
are academic administrative, learner and learning, teacher and teaching, and infor-
mation communication technology (ICT) perspectives. All stakeholders involved
in promoting PLEs in higher education can benefit from the two PLE frameworks.

Keywords: personal learning environments - PLEs - theoretical framework -
higher education

1 Introduction

Two decades have passed since the first recorded use of the term “Personal Learning Envi-
ronment” in a session titled at the 2004 Joint Information Systems Committee/Center
for Education Technology & Interoperability Standards Conference in the UK, while the
implementation of PLEs was still in its early stages, slow, and fraught with challenges
(Ricardo Torres-Kompen 2015). As Attwell (2021) pointed out, recent developments in
the PLEs field have a tendency to drift into tech-centrism; that is, too much time has been
spent on the new technology rather than looking at the pedagogy of how PLEs might be
used.

The reasons for the slow progress in the PLEs field were complex and varied,
involving a lack of consensus on PLEs among all stakeholders; conservative policy;
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the rigid Higher Education (HE) system; the inherent attitudes of teachers, learners, and
administrators; an overemphasis on the social development function of HE, and, most
importantly, a lack of PLEs theory and a theoretical framework.

The purpose of this research is to create a wholistic theoretical framework for PLEs
that includes the external Society, Policy, Education, and Technology (SPECT) frame-
work as well as the internal framework that includes four perspectives: academic admin-
istration, learner and learning, teacher and teaching, and information communication
technology (ICT).

We hope that the proposed framework will give all key stakeholders an in-depth and
comprehensive understanding of the methods and theories that can be used to promote
the implementation of PLEs in higher education.

2 The Concept of Personal Learning Environments (PLEs)

First, consider PLEs as platforms. PLEs appeared as “a new construct in the e-learning
literature that finds its support on social media and steadily gains ground in the e-learning
field as an effective platform for student learning” (Dabbagh & Kitsantas 2012). PLEs
have been described as “a type of e-learning system that is structured on a model of
e-learning itself rather than a model of the institution” (Kalz et al. 2011), as well as
multidimensional spaces (van Harmelen 2006) or central nodes of a network (Downes
2010, p. 30).

Second, PLEs as source aggregation: such as Fiedler & Pata (2009), Amine (2009),
Dolors Reig (el caparazén) 2009), or Henri et al. (2008) who define PLEs as a self-
defined collection of resources, services, tools, and devices that can assist teachers and
students in shaping their personal learning and knowledge networks.

Third, PLEs as an innovative educational methodology: PLEs were considered a
means of understanding both how students learn and how educators teach (Attwell, 2007;
Adell & Castafieda 2010; Cabero 2012). PLEs were essentially a social-pedagogical
approach to teaching and learning with technology. (Attwell 2021). PLE “focuses on the
students and the decisions they make to personalize and self-regulate their learning.*

As can be seen from the above definitions of PLEs, the implementation of PLEs was
not only about technology reform but also about a philosophy or a way of working, as
asserted by Sebba et al. (2007). The essence of PLEs was a vision to empower learners to
take more ownership of their learning as well as to foster learner autonomy and lifelong
learning (Ballard & Butler 2011). More recently, the concept of PLEs has tended to drift
into techno-centrism, usually including references to social media and the possibilities
for the creation and sharing of knowledge that ultimately relate to the control of learning
by the student (Rahimi et al. 2015).

Dabbagh & Castafieda (2020) claimed that PLEs could be characterized as a techno-
social reality that embodies the socio-material entanglement with which people are able
to learn, with an approach that enacts contemporary ideas about how people learn. The
PLE’s learning ecology and ability to connect formal, non-formal, and informal learning
experiences within a framework that addresses the challenges of continuous learning and
empowers learners to develop lifelong learning skills.

In the current study, PLEs are defined as new digital learning literacy, conceptual
space, pedagogical processes, and social networks that enable and support learners in
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achieving their lifelong learning objectives. PLEs are regarded as dynamic, intercon-
nected environments with an ever-changing community of learners, instructors, tools,
and content.

We envision the PLE as the heart of a diverse, personalized, social, adaptive, inte-
grated, and transparent learning activity ecosystem, enabling the creation of a network
of learning that supports students as peers, creators, entrepreneurs, and agents of their
own learning.

3 The Features of Learning in PLEs

The PLEs paradigm occurs in a social context in which knowledge is shared globally and
students act as problem solvers. Faculty members provide motivational and evaluative
coaching, as well as the facilitation of relationships in ad hoc, peer-to-peer networks.
The assumption is that students can self-actualize by utilizing the proposed educational
system to fully realize their human potential. Learning in PLEs is self-education in which
the learner, rather than the teacher, determines the learning program’s goals, learning
procedures, resources, and evaluation decisions (Moore 1984).

Our understanding of PLEs is comprised of five parts. First, it entails self-directed
learning processes in which learners must set goals, make appropriate plans, and imple-
ment the plans. To do so, learners require the space, environment, and guided support to
integrate their needs, life experiences, and culture into goal-setting and action plans.

Second, it entails a collaborative process via networked learning or support groups.
It should include guiding principles to ensure that all key stakeholders involved in the
collaborative process understand the importance of equity and access in order for all
learners to develop a strong sense of belonging.

Third, it is a “knowledge construction” process in which learners simultaneously
build knowledge through theoretical learning and real-world practice. This process
improves skills, task mastery, confidence, and a sense of belonging, as well as preparing
the mind and body for intellectual rigour in mindset and skills, which leads to purposeful
and spontaneous learning.

Fourth, by integrating the curriculum with the practical application of knowledge
and teamwork, these processes necessitate and strengthen human trust and reciprocity
(Humpbhris 2007).

Finally, there is the changing value and status of Information and Communication
Technologies (ICTs), which are no longer merely instruments or tools but are shaping
sociocultural practices and human behavior at all levels (Adell 2018; Selwyn 2017;
Veletsianos and Moe 2017).

To summarize, PLEs are processes of collaborative, cooperative, and collective
inquiry; knowledge construction and transfer; trusting relationships and supportive set-
tings; a sense of belonging and capacity realization; and convivial technologies. PLEs
help people, learning sites, and actions, as well as ideas, resources, and solutions, connect
across time, space, and media.
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4 Why does Higher Education need Personal Learning
Environments?

The growing demand for lifelong learning opportunities to keep up with social, eco-
nomic, and technological changes drives the demand for more accessible alternatives to
traditional real-time, campus-based instruction. Technology advancements are reshap-
ing education by changing when, how, and where students learn, as well as empowering
them at every stage of their journey.

Technology has the potential to tailor education to individual preferences and require-
ments. As a learner, he or she can establish formal or informal learning objectives. There
are three options for achieving these personalized learning goals.

First, through formal higher education, which benefits from standardization, system-
atization, institutionalization, and specialization; second, through difficult and uncertain
self-directed learning; and third, through enterprise-supported learning tools and plat-
forms, which are distinguished by personalization, cutting-edge technology, adaptability,
and flexibility, as shown in Fig. 1.

o Standardization
« Personalization
eSystematization
 Cutting-edge
e Institutionalization Ad
® Adaptivit
® Specialization pHviY

Annex * Flexibility

Higher P L ES Enterprises

Education

Supply

Fig. 1. Three ways to reach the educational ideal goal

With the advancement of Information and Communication Technology (ICT), higher
education (HE) is no longer the sole source or path to achieving the educational ideal.
Knowledge claims are no longer made solely by universities; knowledge production
is increasingly being built in businesses, non-governmental organizations, and the so-
called third sector, with local, inter, and supranational actors involved (Soysal & Baltaru
2021).

Learners can use third-party learning platforms like Zoom or Google Classroom, as
well as apps like Duolingo, to make learning anywhere more efficient and enjoyable.

Meanwhile, enterprises create interactive online tools such as the Google Slides
add-on “Pear Deck,” course content sharing “Edmodo,” and an advanced LMS tool
“Blackboard,” among others, to assist learners in making the best decisions about which
applications best suit their various online subjects and learning needs.
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For example, the pandemic has created an opportunity to assess the suitability of
third-party education delivery systems. All of these learning tools, platforms, Open
Educational Resources (OER), and technologies, such as data mining and learning ana-
lytics, enable personalized learning. Learners can create their own learning paths based
on their preferred learning style, prior knowledge, and skills and interests.

With the trend toward more personalized learning, there is an urgent need for PLEs to
be integrated into HE. For one thing, formal higher education lacks flexibility and respon-
siveness, which causes its pedagogy, curriculum design, and teaching methods to lag far
behind in the rapidly changing digital information age. These decreases learning effi-
ciency and increases the gap between learners’ needs, expectations, and achievements.
Self-paced, personalized learning, on the other hand, can aid in the development of
learners’ creativity, critical thinking, and problem-solving abilities. Furthermore, many
students are unhappy with their current academic performance.

Many higher education institutions are attempting to improve their outputs and
demonstrate their social and economic worth while ignoring potentially more worth-
while institutional missions and human pursuits. To meet these challenges, higher edu-
cation must reform. Personal Learning Environments (PLEs), which represent a learning
paradigm shift, have emerged as the reform path’s top priority.

On the one hand, educational providers other than universities or colleges, as com-
petitors, are devoted to developing their own commercial PLEs or similar personalized
online learning platforms for learners or HE institutions, such as Symbaloo, Protopage,
Dingding, Zoom, and so on.

To maintain a competitive advantage, HE must either annex the PLEs developed by
other educational providers or purchase their service. Many higher education institutions
are now creating their own PLEs with open-source social networks like Elgg (www.elgg.
com), OSSN, DEMO, and others. Meanwhile, for some institutions that are not yet ready
to develop their own PLEs, enterprises can provide a solution.

The sections that follow will focus on the external framework—the Society, Policy,
Education, and Technology (SPET) framework—as well as the internal framework—
Academic Administration, Teacher, Learner, and ICT (ATLI).

The external framework refers to environmental factors that, if not present, will
prevent the paradigm shift toward PLEs from having a broad and long-term impact on
HE. The internal framework refers to key stakeholders within HE who are driving the
implementation of PLEs in HE.

5 The Society, Policy, Education, and Technology (SPET)
Framework for PLEs

PLEs enable the development of learners’ personal communicative and formative
scenography to enhance learning that is halfway between formal and informal,
encouraging them to organize and take responsibility for their own learning.

However, fully implementing PLEs in HE requires not only revolution, collaboration,
and compromise among all key stakeholders as internal factors, but also the combined
efforts of external environmental factors—Society, Policy, Education, and Technology
(SPET), as shown in Fig. 2.
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Fig. 2. The theoretical framework of PLEs

5.1 Society

The class system, cultural values, power structure, balance of individual freedom and
social control, and degree of urbanization and industrialization all have a significant
impact on any society’s education system.

In retrospect, our society has come a long way, from the hunting society (Society
1.0), agricultural society (Society 2.0), industrial society (Society 3.0), and information
society (Society 4.0), to the future super-smart society. Among them is the Society
5.0 vision, which is a human-centered imagination society in which humans, nature, and
technology create a sustainable balance that is enhanced by super-smart Al data systems.

Economic growth in the current Society 4.0 or information society is knowledge-
driven and innovation-driven, with the goal of achieving sustainable growth, more
efficient resource use, and the formation of an “intelligent society” (Valentina 2017).
Education is essential for social change.

For example, HE assists British society in transition from a colonial power to a
welfare state and a globally oriented knowledge-based economy. To generate a new
paradigm of social growth in the transition from Society 4.0 to Society 5.0, education
should be transformed into smart education using smart technologies (technologies based
on interaction and experience exchange). In terms of the paradigm shift from traditional
HE to PLEs, society should indeed make changes to facilitate HE reform.

First, universities have long been regarded as a socioeconomic source of human
capital and economic growth. Not only are knowledge, research, and degrees measured
as the economic and societal value in the twenty-first century (Schofer et al. 2020), but
academic sciences have become “economic engines” on which both the market and the
state act.

However, the growing specialization of educational provision and the rapid expansion
of universities are being discussed as the consumerization of higher education and the
erosion of the university’s public mission (Wright & Shore 2018).

The global race to excellence in higher education, for example, which is widely per-
ceived and promoted as a driver of economic growth and competitiveness, has accelerated
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(European Commission 2003; OECD 2008). To implement PLEs in higher education,
the emphasis on HE’s socioeconomic value must be reduced. For example, higher edu-
cation should place a greater emphasis on its ability to foster desired states of being that
allow individuals to pursue a meaningful future life course, to be proactive and societally
engaged, and to carry the imprints of their historical legacies (Tomlinson 2021; Soysal
and Baltaru 2021). Second, from a social-cultural standpoint, social structures, social
norms, and social value systems should change.

Both formal and informal social structures influence individuals’ thoughts, values,
and behaviors. Individuals’ opinions, beliefs, and behaviors can be shaped by formal
organizations (Prell et al. 2010). According to organizational theory, shared values in
formal organizations would evolve into organizational norms, which would then become
concrete guidelines outlining the appropriate types of behavior for employees (Hill &
Jones 2000).

The cultures of educational institutions can guide administrators’, teachers’, stu-
dents’, and parents’ views, opinions, and subsequent actions regarding the implemen-
tation of PLEs in HE and the redefining of institutional logic and purpose, beliefs,
approaches, and so on.

In terms of informal social structure, “social networks” refer to the similarity among
individuals, including views, beliefs, and behavior (Lazarsfeld & Merton 1954), that
would form a social attraction or a tie among individuals (McPherson et al. 2001), also
known as the “homophily effect” in the social network literature. Individuals’ views
and behavior toward PLE implementation in HE would be guided or constrained by the
heterogeneous population’s understanding of PLEs.

According to Bicchieri (2006, p. ix), social norms are the “grammar” of social
interactions. Norms are customary or typical behaviors that people engage in because
they believe that is what others do or how you should behave (Reno etal. 1993). Changing
social norms may be more important than changing behavior (Bicchieri & Xiao 2009;
Krupka & Weber 2015).

Social values are idealistic criteria shared by the majority of a society that regulate
and organize daily life. Sociological values are ideally unique to one group at a single
point in time, according to sociology (Doan 2011). General and specific social values
exist. General social values, for example, include universally accepted human values
such as social equality, justice, and women’s empowerment. Social values can be used
to evaluate social norms both subjectively and objectively. Social norms are founded on
social values that are justified by moral or aesthetic standards. Individuals’ social values
are built into their personalities and guide their thoughts and actions. Social norms can
also have an impact on an individual’s attitudes.

The development of PLEs in higher education necessitates a shift in social norms
and social values regarding educational beliefs and values, particularly among parents,
students, teachers, and administrators.

They should be aware of the PLEs paradigm from a macro-perspective, such as
the acceptance of informal education and vocational education, the redefinition of tal-
ents, shifts in learning appraisal from score-oriented to competency-based or capability-
realization, the prevalence of open education and open science, and credit recognition
across universities or even countries.
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Teachers, in particular, must arm themselves with new pedagogical concepts such
as competency-based education, personalized learning, and so on; learn new teach-
ing approaches such as teaching through enterprise projects and real work with local
employers (Tyumaseva et al. 2020); form community partnerships; employ asset-based
pedagogical approaches such as Culturally Responsive instruction, and so on; and shift
their roles from instruction to mentoring, advising, and consulting; acquire new skills
in the effective use of information technologies, mentoring, advising, and consulting;
encourage self-motivation to unlock learners’ potentials; build their academic confi-
dence, sense of belonging; and ensure they can take ownership and responsibility for
their own learning (Miliband 2006; Sun and Xu, forthcoming) to lead a life they believe
is meaningful and valuable.

Administrators must support attainment- or mastery-based assessment, criteria-
based, flexible, and continuous assessment of sub-competences, and the long-term use
of e-portfolios for formative assessment to ensure assessment for learning and learning
success.

To summarize, PLESs reform necessitates the acceptance of social norms. For exam-
ple, if the social norm promotes educational equity by providing individuals with an
environment conducive to their overall development, respecting education as a basic
human right, and supporting open education and open data, more people will advocate
for HE reforms toward PLEs.

5.2 Policy

To successfully implement PLEs in higher education, the policy must be redesigned
from the education system to the HE organization infrastructure to reflect the value and
goal of higher education.

First, full-time classroom-based education must be replaced by capacity-realization
mode by integrating formal education, professional training, and entrepreneurship into
PLEs and giving every single learner the opportunity to be the best they can be, regard-
less of talent or background (Miliband 2004). Learners can gain, improve, and retain
the knowledge, competencies, skills, instincts, instruments, tools, and other resources
needed to expand their capabilities. The underlying philosophy is that the social function
of education has progressed through three stages, beginning with illiteracy eradication
and ending with human development. With the rapid development of ICT, HE is entering
a capacity-realization phase that corresponds to a higher level of human development.
Learners are empowered to pursue alternative paths to self-actualization. Policymakers
must now shift their attitude and mindset away from time-based education and toward
competency-based and capacity-realization education. In other words, traditional pro-
grams require fixed units of time (semesters or terms) and a minimum number of courses
or credits to complete the program. This single-model approach prevents many stu-
dents from achieving their full potential. Time and space are much more flexible in
competency-based or capacity-realization education for learners, who can learn through
a variety of activities at their own pace and schedule.

Second, the infrastructure of the HE organization should be modified accordingly.
For example, rankings have aided the current model of the university system and the
organizational development that has surrounded it (Sauder & Espeland 2009; Baltaru &
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Soysal 2018). To promote equity, diversity, distinctiveness, and uniqueness, we propose
that universities be organized around disciplines and further subdivided by discipline
attributes. We believe that grouping disciplines can optimize the layout of disciplines
in higher education, promote diverse development, and avoid repetitive construction
due to the pursuit of large and comprehensive disciplines. When rankings are made
within disciplinary groups rather than university rankings, each discipline has access
to resources based on its own characteristics rather than being sidelined by utilitarian
factors in a university, which is especially true in the humanities. Students may also
select a university or college based on discipline rankings rather than the university’s
overall ranking. Ranking universities, on the other hand, would increase inequity and
utilitarianism.

For example, in China, the Double First-Class Initiative (China’s largest education
development scheme to date, aimed at increasing global recognition of China’s university
system by 2049) seeks to use the performance assessment approach to drive reform and
strengthen the development of key disciplines. However, it will exacerbate the regional
imbalance in higher education because the elected universities will receive more financial
resources, human resources, material resources, and policy support (Liu et al. 2019).

In addition to the above-mentioned fields of policy, the following areas are also
crucial to implementing PLEs in HE: first, structures to promote privacy and security
standards, regulations, and legal protection should be established in HE since Artificial
Intelligence applications will raise ethical issues and pose potential threats to the right
to education; second, the method of evaluation and appraisal of HE should be more
dynamic, focusing on HE’s potential to enable individuals to pursue a meaningful future
life (Tomlinson 2021); third, financial support is vital, which should invest more in digital
learning through the development of online learning platforms; and a, tailored support
and resources offered by instructional designers and technology coaches to faculty and
staff in the form of consultation; training; and workshops (Archer-Kuhn et al. 2020;
Morley & Clarke 2020).

5.3 Education

To fully implement PLEs in HE, we should redefine education’s goals and values to get
it back on track. As shown in Fig. 3, we believe that the value of education, from K-12 to
higher education, is presented in three areas: social development, human development,
and knowledge development.

Knowledge
Development

Value of
Education
Humanity
Development

Fig. 3. The value of education
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Aron (1965) defines social development as the “increasing moralization of human
behavior and thought.* This is linked to educational systems. For example, the system of
the twentieth century was largely based on a “one size fits all” model, similar to factory
models of the previous century. Since the turn of the century, there has been a government
push to create social systems that prioritize citizens, challenging the “old” model and
creating systems that are more responsive to individual needs. The educational trend is
shifting away from the industrial economy and toward a knowledge economy, where
citizens must be equipped with a diverse set of personal, social, thinking, and learning
skills. Education is thought to be inextricably linked to processes such as social mobility,
community development, national integration, urbanization, and population change.

Education is essential for the recovery of human and social capital. Learning declines
have a long-term negative impact on productivity and economic growth (Global Part-
nership for Education 2020). Higher education planning must include a strategic plan to
meet societal needs and create job opportunities. The pandemic, for example, changed
the entire concept of education by emphasizing community well-being and engagement.
As a result, the entrepreneurial university model emerges, adding a strong third mission
to Higher Education Institutions (HEIs) (Stolze 2020).

Meanwhile, education has equitably become the focal point of the recovery, with an
emphasis on strengthening educational systems (Global Partnership for Education 2020).
Reducing inequities in education will be the norm, and reimagining our educational
systems will have a positive societal impact (Garca & Weiss 2020a, b).

To summarize, higher education is critical for increasing youth employment oppor-
tunities, reducing societal disparities, ensuring the inclusion of vulnerable and marginal-
ized groups, and conducting impact research that generates long-term socioeconomic
returns.

Knowledge development is the accumulation and transfer of knowledge. For one
thing, in terms of knowledge accumulation, HE is seen as the pinnacle of “powerful
knowledge”—a concept that has recently gained traction (Wheelahan 2012; Young &
Muller 2013). HE also allows students to reflect on and evaluate various bodies of
knowledge, as well as their own relationships to dominant scientific and socio-political
regimes of truth. Another benefit of higher education is that it motivates and inspires
people to explore the unknown world in search of knowledge and truth. Knowledge
transfer can be accomplished by involving innovation partners, delivering innovative
products (Pdunescu & McDonnell Naughton 2020), sharing knowledge, conducting
interdisciplinary research, and collaborating with colleagues from other fields.

In terms of humanity development, the model uses the Merriam-Webster definition:
“compassionate, sympathetic, or generous behavior or disposition: the quality or state
of being humane.* Higher education promotes both personal and social growth. Individ-
ually, higher education empowers students by increasing their agential freedom. Higher
education provides a set of resources from which a person can make positive decisions
about the course of their lives and how to cultivate this further. The dispositions or “qual-
ities” identified by Barnett (2018) as central to the concept of contemporary university
education—willingness to learn, engagement, openness to experience, and resilience—
entail processes of ontological change that are now potentially as valuable as formal
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knowledge acquisition. For the development of social humanity, higher education pro-
motes, among other things, citizenship education, human rights, democracy, cultural
diversity, sustainability, national history, security, and moral values.

According to Tomlinson (2021), current HE is valued in three ways: first, the contin-
ued movement toward systemic massification; second, the movement toward marketi-
zation and the entrepreneurial and transactional orientation of academics, students, and
senior managers; and third, the graduate employment rate in a more flexible and uncer-
tain labor market. All three methods of evaluation center on the monetary benefits of
higher education, which drives institutions to be organized along market logic in order
to meet market-related desires. The value-for-money metric tells us little about how
HE’s transformational potential manifests itself or how and in what ways HE affects our
future lives. Educational research has also contested and critiqued these value framings
(Crawford & van der Erve 2015; Downs 2017; Tomlinson 2018). The value of higher
education is centered on its ability to foster desired states of being that allow individuals
to pursue a meaningful future life course.

5.4 Technology

With increased digitalization, connectivity, and the use of Artificial Intelligence (Al), col-
lective intelligence technologies, and knowledge management systems, it is recognized
that the digital world is becoming smarter than Big Data technologies.

Meanwhile, the concepts of “knowledge society” and “‘smart society” persisted after
the “information society,” as evidenced by the number of FTTH network subscribers,
download speed, broadband access quality, and so on.

When it comes to Society 5.0, technology is supposed to help build innovative mech-
anisms for a smart society where society can self-regulate through smart technologies
and trained citizens.

To fully implement PLEs, the role, function, and value of technology in education
must be altered.

First, technology’s role must shift. Technology is no longer an afterthought in edu-
cation; rather, it should be a key decision-making factor. Technology has the potential to
improve data collection and analysis in order to facilitate educational decision-making
and practices. For example, during COVID-19, some countries were able to respond
quickly to the pandemic due to their prior stance on technology access for education
(see, for example, the International Council of Education Advisers Report 2018-20,
published by the Scottish Government in December 2020). For another, as technology
becomes more prevalent in daily life, everyone will need to “access, manage, understand,
integrate, communicate, evaluate, and create information” in order to participate in the
working, social, and political spheres.

Second, the role of technology must evolve. In the digital age, technology and the
internet will become a source of water and electricity, as well as a service for all as a
human right. Technology has evolved into a powerful tool for overcoming inequalities,
which could be realized by utilizing technology to serve disadvantaged populations
while also ensuring its accessibility and affordability for all. Technology transforms the
organization of HE institutions (e.g., the cross-fields institute, transcending disciplines,
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etc.), curriculum design, and pedagogical mode in the HE field (e.g., virtual reality,
augmented reality, personalized learning) at the micro level.

Third, the value of technology must change. Technology is currently transforming
our perceptions and expectations of education, with concepts such as lifelong learning,
mutual credit recognition, personalized learning, and so on taking root in our minds.
In other words, sustainability has infiltrated higher education, necessitating seamless,
agent-based, and technology-driven intelligent learning (Menon & Suresh 2020).

Technology helps to develop a lifelong learning system that extends beyond the
boundaries of educational institutions and areas and organizes lifelong learning oppor-
tunities in a more flexible manner, especially at the local level (Mazzucato 2018). As
a result, HE can take advantage of digitalized systems and technology-assisted pro-
cesses, and strategies for demonstrating flexibility, sustainability orientation, and impact
achievement are developed.

People, things, and systems will all be connected in cyberspace in the coming “Soci-
ety 5.0,” and the massive amount of data from sensors in physical space will be analyzed
by artificial intelligence (AI) and fed back to humans in physical space. Self-actualization
through education becomes possible when people have the freedom and technical sup-
port to fully express their talents and create values for society. The new value created
by innovation will, in turn, eliminate regional, age, gender, and language gaps, allowing
for the provision of products and services finely tailored to diverse individual needs and
latent needs.

6 The Four Perspectives of PLEs Scales

Successfully implementing PLEs in higher education necessitates the collaboration of
four major stakeholders or perspectives in the educational field, namely Academic
Administration, teachers, students, and ICT. A set of PLE rubrics that ensure quality
control and assurance for the use of PLEs in higher education is necessary. The four
scales are known as the PLEs Teacher and Teaching Scale (PLEs-TTS), PLEs Learner
and Learning Scale (PLEs-LLS), PLEs Academic Administration Scale (PLEs-AAS),
and PLE Technology Scale (PLEs-TS).

We believe that the current slow adoption of PLEs in higher education is primarily
due to a lack of consensus among various stakeholders, which has resulted in a demand
and supply gap between users and developers. The following sections explain the roles
and relationships of the four PLE perspectives. The roles of the four perspectives are
shown in Fig. 4.

As shown in Fig. 4, the implementation of PLEs in higher education necessitates
cooperation and collaboration among the four perspectives. Academic administration
is defined as “the activities are undertaken by academic workers to achieve effective
teaching, research, and community service in accordance with the institution’s pre-
scribed regulations” (KOKO 2011). Academic administration’s primary role is to set
clear expectations and criteria for the other three perspectives, which include, student
recruitment and services, faculty development and assessment, policy and planning,
financial and budgeting, and purchasing goods and equipment.

In the context of PLEs, instructors, among other things, serve as designers of learning
experiences and facilitators of learning (Francom 2014; Reigeluth & Karnopp 2013).
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Fig. 4. The roles of the four perspectives in PLEs

Teachers, as designers, create sequences of learning tasks to provide an appropriate level
of challenge for students and determine how to personalize and differentiate tasks based
on students’ prior knowledge. They must treat learners as explorers and innovators and
use asset-based transformative pedagogical principles to ensure that students, especially
those from historically and systemically underserved backgrounds, feel a part of the
academic community and have the confidence and skills to successfully navigate PLEs
and achieve their learning goals and potentials (Sun and Xu forthcoming). They must
learn skills in designing and managing online collaborative strategies for appropriate
online communication, as well as developing and/or reviewing current technologies
integrated into their teaching area to enhance learning (Segrave et al. 2005).

More importantly, as facilitators, they must explain the learning task and demonstrate
how different parts of the task should be completed; recommend appropriate resources;
provide coaching and feedback to learners as they work on learning tasks; and assist
students in learning on their own.

Learners in PLEs become masters of their own learning, transitioning from passive
receivers of information to self-directed and collaborative learners, as well as active
knowledge explorers (Reigeluth 2016; Reigeluth & Karnopp 2013). They investigate
and direct their learning, solve problems, and conduct self-analysis, self-control, and
self-evaluation of their learning process.

They develop into collaborative learners who teach and learn from one another
through discussions, teamwork, presentations, peer critique, and other activities (Reige-
Iuth & Karnopp 2013). PLEs may also aid in the development of higher-order thinking
(Elfeky 2018).

In summary, learners gain the ability to plan their educational and self-educational
activities, manage their time effectively, work productively with educational materials,
and monitor the outcomes of their work.

In terms of ICT, the primary role is to provide access to and support for PLEs used
by teachers, students, and administrators. In terms of accessibility, the growing use of
data for Learning Analytics and the use of Al in education (e.g., automated feedback
systems, recommender systems, and content creation systems) offer significant poten-
tial for the development of PLEs by providing feedback, opportunities for reflection,
and recommendations based on learner data. In terms of assistance, studies and PLE
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workshops and projects have repeatedly demonstrated that students lack confidence and
competence in using technology to create their own PLEs.

In fact, most students’ digital practice is informal, and they are more accustomed to
using apps than applications (JISC 2009). Effective PLEs are complex applications, and
many students and teachers require structured assistance in using, let alone developing,
PLEs.

To sum up, as the Organization for Economic Co-operation and Development
(OECD) suggested,

Education systems will need to adapt to the changes brought on by automation,
teaching children and teenagers the skills necessary to fully benefit from the present wave
of technological implementation. This involves both cognitive and social intelligence,
as well as the abilities required to function effectively in a digital environment, both as
specialists and as users of digital technology.

Academic Administration establishes rules, principles, and regulations, as well as
supports and procedures to ensure that such policies, standards, and regulations are
followed by learners and teachers via ICT-integrated assessment and appraisal. In turn,
learners and teachers follow those regulations and requirements in order to fulfill their
duties and accept administrative supervision. In PLEs, learners and teachers collaborate
to achieve learning. Teachers can use technology to boost their productivity, implement
useful digital tools to expand students’ learning opportunities, and increase student
support and engagement. It also enables teachers to improve their instructional methods
and personalize learning. Learners use ICT to create their own learning environment,
access and analyze information, interpret and transform that information into their own
personal knowledge (Ertmer & Ottenbreit-Leftwich 2013), and develop their learning
confidence and competence as lifelong learners. ICT provides support and access to
academic administration, learners, and teachers.

From an educational standpoint, perhaps the most significant aspect is that the
paradigm shift to PLEs must include more than just a change in the tools or resources
used, but must also promote a change in attitude in which students have the opportunity
to take an active role in the teaching and learning process, of which they are an essential
part through self-regulated learning. The teacher, in turn, possesses the various skills
and abilities required to modify the design and planning of instructional situations in the
context of teaching. Meanwhile, academic administrators accept the competency-based
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Fig. 5. The relationship between the four perspectives in PLEs
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or capacity-realization mode of education in order to establish appropriate policies, prin-
ciples, and standards. And the ICT department understands the principle of PLEs, makes
sure ICT resources are accessible, and provides proper support for learners, teachers,
and administrators. The relationship between the four perspectives is shown in Fig. 5.

7 Conclusion

The pandemic has fueled public debate about the importance of higher education in
general, and specific models of higher education in particular. According to some
researchers, the current higher education system is out of date in terms of cost-return
and breadth (Psacharopoulos 1972; Bigliardi et al. 2005).

Meanwhile, higher education institutions are in flux, as are the expectations and
practices of teachers, students, and parents. The one-size-fits-all approach is fading,
and the idea of PLEs is gaining traction. The most recent advancements in informa-
tion technology and digital content creation allow all students to benefit from the PLE
approach.

In the context of Personalized Learning Environments, the purpose or value of higher
education is to facilitate the realization of learners’ capabilities through learner-driven
and learner-designed education. However, the development of the PLEs agenda is not
about quick fixes but about strengthening the educational system’s capacity to meet
the learning needs of all learners, regardless of age. Competency-based or capability-
realization education necessitates learners understand their current capabilities through
objective cloud-based assessment and then rationally gain knowledge, experience, and
attitude in a self-driven paradigm to awaken or transcend their potential.

The evaluation of successful learners, as well as the productivity and effectiveness
of education, is based on competency development and personal capability fulfillment
rather than criterion-referenced measurement. Nonetheless, our Policy, Education, Soci-
ety, and Technology (PEST) must all evolve in order to facilitate the implementation
of PLEs in higher education. PLEs seek to re-establish the value of higher education in
terms of social development, knowledge development, and human development.
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Abstract. The research focuses on the construction and application of learning
adaptation intervention field for college students in the age of intelligence, uses
research methods of survey research, literature research, theoretical deduction,
and design-based research, under the guidance of field theory, combined with the
development direction of digital transformation, proposed the concept of college
students’ learning adaptation intervention field construction of factor connectiv-
ity, link routing and data integration; applied technologies such as Al and RPA
to build an “Al 4+ RPA + X” intervention field that highlights the characteristics
of human-machine synergy, and clarified its hierarchical structure and operating
mechanism; carried out a one-semester practical application for 49 undergraduate
normal students majoring in educational technology in the 2021 grade of H Uni-
versity, and analyzed the application effect of “Al + RPA 4+ X” intervention field.
The results show that the “Al + RPA + X” intervention field of college students’
learning adaptation can provide theoretical and practical reference for constructing
and optimizing the existing field and interfering with college students’ learning
adaptation.

Keywords: College students’ learning adaptation - Intervention field - Al +
RPA + X - Construct - Apply

1 Introduction

The new infrastructure construction, represented by big data center and artificial intelli-
gence(Al), has gradually built a “digital pedestal” for the reform of enabling education
and teaching. The mutural empowerment of scene-based learning and “intelligence +”
learning environment constantly enriches college students’ learning experience, contin-
uously improves college students’ learning self-efficacy, and promotes college students
to maintain high learning motivation in the process of participating in learning activities,
in order to reduce their learning inadaptability. Field refers to a relational framework
endowed with specific gravity (Bourdieu 1992), and the intervention field of college stu-
dents’learning adaptation is the external environment framework with specific gravity
that supports the object of intervention (college students) and implements intervention
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activities. Most of the existing studies on college students’ learning adaptation interven-
tion field discuss the construction method and teaching innovation application of general
learning field, but its structure and operating mechanism are not clear. Based on this, the
study proposes the following three research questions:

RQ1: What concepts should be followed in constructing the intervention field of
college students’ learning adaptation under the digital transformation?

RQ2: What is the hierarchical structure and operation mechanism of the “Al + RPA
+ X intervention field of college students’ learning adaptation?

RQ3: What is the effectiveness of the “Al + RPA + X” intervention field for college
students’ learning adaptation?

The rest of this article is structured as follows. Section 2 reviews the progress of
related research, further clarifies the work to be done in this study and emphasizes its
significance. Section 3 introduces the process and methods of the research. Section 4
proposes the concept of constructing the intervention field of college students’ learning
adaptation with factor connectivity, link routing, and data integration. Section 5 con-
structs the intervention field of “Al 4+ RPA + X (Al 4 Robotic Process Automation
+ Scenario Linkers), which is characterized by human-machine synergy, and clarifies
its hierarchical structure and operation mechanism. Section 6 carries out a one-semester
practical application for 49 undergraduate normal students majoring in educational tech-
nology in the 2021 grade at the University of H, and analyzes the application effect of
“Al + RPA + X” intervention field.

By solving the above three problems, the study provides theoretical references and
practical lessons for the construction and optimization of the existing field to intervene
in college students’ learning adaptation.

2 Related Work

The study summarizes the literature on the intervention field of college students’ learning
adaptation and the construction and application of learning field supported by RPA.
Retrieving 1093 articles from 2000 to 2023 through “Web of Science” and other database,
excluding the less relevant ones, it is found that with the accelerated evolution of scientific
and technological revolution, college students’ learning adaptation intervention field is
developing towards the direction of dataization and intelligence. However, it is still
necessary to further clarify its hierarchical structure and operating mechanism, so as to
provide theoretical and practical guidance for the construction of intervention field that
reflects the full connectivity of learner data and resource data, provides personalized and
customized services for learners.

2.1 The Present Situation of Intervention Field Research on College students’
Learning adaptation

The main focus of research on college students’ learning adaption is to explore how to
effectively implement interventions domestically and internationally. Researchers have
explored intervention strategies, methodological models and model building. For exam-
ple, T.-z et al. (2011) conducted a questionnaire survey on 160 college students, and pro-
posed methods and strategies to improve students’ learning adaptability in the network
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environment. Huanging Qiu (2010) proposed an integrated intervention model based on
the three major factors of college students’ online learning effectiveness, combined with
the self-management learning representation model. Taking vocabulary learning in col-
lege English courses as an entry point, Xu D et al. (2021) constructed a multimedia-based
interactive English teaching adaptation intervention model. In terms of field construc-
tion and application, Scepanovic S et al. (2012) connected the data of students’ learning
styles to the adaptive learning system,in order to provide students with more suitable
courses. Aiming at the limitations of rule-based adaptation, Zhao T et al. (2017) further
proposed a framework for the generation and evolution of software adaptation rules
based on reinforcement learning. Nguyen A et al. (2018) integrated learning analysis,
proposed a game analysis framework specific to people with intellectual disabilities,so
as to create adaptive learning environments. Synthesizing the existing research, it is
found that most of the fields of intervention for college students’ learning adaptation can
provide functional support for the implementation of intervention activities, and their
internal components, structure, and operating mechanism are not clear enough.

2.2 The Present Situation of Construction and Application of Learning field
Supported by RPA

RPA refers to the simulation of various rule-based and repeatable processes without real-
time creativity or judgment, “bringing robots out of humans”, with the characteristics of
repeatability, determinism, and clarity (Zhang L. F. 2018, p. 303). At present, the research
on learning fields supported by RPA mainly focuses on management governance, teach-
ing practices, and scenario applications. In terms of management governance, Mosteanu
et al. (2022) assisted the students’ enrollment registration process through RPA, and
helped professors conduct student evaluation processes to improve the effectiveness of
teaching, research and study programs, for the purpose of improving academic study
programs. Gupta A et al. (2023) developed RPA-driven Admission Management Sys-
tem (R.P.A.A.M.S) to manage and verify student information throughout the process.
In terms of teaching practice, Sutipitakwong, S. et al. demonstrated that RPA8 can be
used as a teaching resource to support the teaching and learning process, which has been
used as part of students’ visual and verbal interactions. In terms of scenario application,
Somasundaram M et al. (2022) described a reporting tool developed using UiPath, which
was successfully implemented in the Department of Electronics and Communications
(ECE) of R M.K., in order to generate reports that provide student information based on
the principles of Al and automatically send them to each student’s email for program
improvement. Synthesizing the existing studies, it is found that RPA has already taken
part of the automation work in different scenarios of education and teaching, but access-
ing it to Al and existing teaching tools to build a digital-intelligence-integrated learning
field needs to be further explored.

Compared with the existing research, this study not only focuses on the new trend of
field construction brought by technological development, but also pays more attention to
the integration of college students’ learning adaptation and field theory, trying to clarify
the composition of “Al + RPA + X” intervention field of college students’ learning
adaptation from the structure, providing direction for optimizing the existing field. At
the same time, the study focuses on the function of intervening learning adaptation to
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help college students adapt to university learning quickly in the digital age and improve
learning effectiveness.

3 Research Process and Methods

This study utilizes a combination of research methods such as survey research, literature
research, theoretical deduction, technical realization and design-based research to carry
out the study, and the specific research process and methodology are shown in Fig. 1.

During the phase of current situation survey and literature analysis, through the
methods of survey research and literature research we investigated the existing intelli-
gent learning fields domestically and internationally, clarified the points of convergence
between learning field and learning adaptation, then constructed a hierarchical model of
learning adaptation intervention fields for college students in the intelligence era. During
the phase of field conduction, through the methods of theoretical deduction and technical
realization, combined with Al assistants, RPA, and Scenario Linkers, selected existing
fields such as cyberspace, hybrid space, and ubiquitous space, focusing on “core con-
cepts, key technologies, supporting tools, operating mechanism”, we constructed the “Al
assistant + PRA + X” intervention field for college students learning adaption. During
the phase of field conduction, through the methods of theoretical deduction and techni-
cal realization, we carried out a one-semester practical application for 49 undergraduate
normal students majoring in educational technology in the 2021 grade of H University,
collected and analyzed the data of CSLAli scale measurements and learning satisfaction,
so as to verify the effectiveness of the “Al 4+ PRA 4 X” intervention field.

Research process Research content Research method

Clarify the points of convergence
between learning field and learning
adaptation

Tnvestigate existing intelligent learning
fields domestically and internationally

Y

Survey Research
Literature Research
Theoretical Deduction

Current situation survey
Literature analysis

A hierarchical structure model of intervention fields for
college students’ learning adaptation in the intelligent era

Cyberspace
Q ) o minedspace

Alassistant ~ RPA  Scenario Linkers(X) ubiquitous space

Theoretical Deduction
Technical Realization

“AI+RPA+X” intervention field for college students’

Field construction A LD EELD &)
Iearning adaptation in the intelligent era

Key Operating

technologies mechanism
. .
- 3 ~

g “AT+RPA+X” intervention field for

llege students” I ing adaptatic
r before intervention Sl S L after intervention

J

-

in the intelligent era

Field
Effectiveness verification

Design-based Rescarch

« Intervention subjects: 49 undergraduates from H University.
« Scale data: CSLAIi scale measurement data (Y0,Y).

« Other data: Learning satisfaction(X) of 49 undergraduates.
- Intervention effect = (V-Y0) + X.

J

Fig. 1. Research process and methods
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4 Construction of “Al + RPA + X” Intervention Field for College
Students’ Learning Adaptation

4.1 Concept of Construction

Pierre Bourdieu pointed out that a field refers to a network or a structure of objective
relations between locations that are objectively defined, and each field is defined by a
market that connects producers and consumers in the field (Li Q 2002). The learning
field, i.e., the evolution of the concept of field towards autonomy in the field of education,
and the fundamental tendency to make learning activities manifest. The intervention field
described in the study, as a specific type of learning field, has more artificial, unnatural
and explicit features, which points to the goal of “intervention on the learning adaptation
of college students”. The field of intervention on college students’ learning adaption is
the external environment with a specific gravitational structure that supports the target
(college students) and implements the intervention activities. In short, the field should
not only reflect the inherent nature of the learning field, but also meet its specific goals.
Based on the concepts of factor connectivity, link routing, and data integration, the study
constructed an intervention field for college students’ learning adaptation.

Factor Connectivity

With the deepening of “Internet +”, the boundary between online space and offline space
is gradually blurred, and blended learning is becoming the new normal in universities.
Connectivity, as an essential feature of “Internet +”, extends the boundaries of the
learning field and strengthens the links between learners, learning resources, service
providers, managers and data.

Link Routing

The learning field can be regarded as a learning-themed flow network formed through
the connection of factors. In order to fully utilize the effectiveness of the learning field,
it is especially important to build links that point to factors and dynamically allocate
them. Drawing on the idea of network layer routing in the OSI architecture, the learning
field also needs to rely on the form of link routing to support its efficient operation, and
the link routing shows the rule-based and automated characteristics, which clarifies the
direction for the construction of the learning field.

Data Integration

Digitalization is an inevitable trend of educational reform and development, and it pro-
vides a material basis for highlighting data as an emerging factor of production. We
should promote multi-modal data integration in multiple dimensions and throughout
the process to realize the value of data. Based on the high reliability and credibility of
structured data, semi-structured data, and unstructured data, the unified processing is
carried out with specific standards, in order to realize the “fusion” between data, lay the
foundation for data integration, which promote the full business of data circulation and
enhance its interpretability.
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4.2 Supporting Technology

With the rapid development of a new generation of information technology represented
by generative artificial intelligence, Al is reshaping the production mode of society and
creates a huge impact on people’s way of life and cognition. The intervention field
for college students’ learning adaptation consists of Al-centered technology systems,
mainly including key supporting technologies such as Al assistants/Al agents, RPA, and
scenario linkers(X). Al assistants/Al agents, as the main body of the service, can gen-
erate personalized learning content for students, provide customized learning strategies
and resource push, and answer students’ questions in the learning process, i.e., partially
fulfilling the roles of producers, peers, service providers and managers. RPA technology
simulates human operating steps and automates business processes to realize the collab-
orative processing of different tasks between humans and machines, so that the learning
field has the best efficiency. The Scene Linker (X) technology realizes data connection
between applications through the API between different applications.

4.3 Hierarchical Structure

In line with the development direction of digital transformation of education, we take the
factor connectivity, link routing and data integration as the construction concepts, high-
light the role of data elements, integrate the system engineering and divide-and-conquer
ideas, and rely on Al, RPA and other technologies to form a hierarchical structure model
of intervention field for college students’ learning adaptation in the age of intelligence,
as shown in Fig. 2; The model consists of four levels: carrier layer, connection layer,
link layer and session layer.

The carrier layer is a large-scale data set composed of multi-source and multi-modal
data, which is the “digital base” of the whole intervention field. In this layer, structured
data such as student status, course selection and grades, semi-structured data such as
behavior logs generated by students in the learning process, and unstructured data such
as documents, text, pictures, audio and video, together constitute a “digital portrait”
describing students’ own characteristics, behavior habits, learning style and so on,which
provides material basis for the upper layer to carry out the connection between applica-
tions, and provide evidence source for the implementation of scale personalized learning
adaptation intervention.

The connection layer is an application connection flow composed of multi-
application and multi-interface connections, which is the supporting link of machine
feedback in the whole intervention field. In this layer, the application connector stan-
dardizes the platform, resources and tools to establish the application connection flow
for data aggregation, exchange and transfer in the carrier layer, so as to achieve a spe-
cific intervention process. Different application connection flows correspond to different
intervention processes, and can be generated and adjusted dynamically, which provide
process support for automatic intervention at the upper level, and give an operation plan
for the implementation of scale personalized learning adaptation intervention.

The link layer is an automatic execution network generated by multi-rule and multi-
process mapping, which is the core component of supporting human-machine synergistic
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Fig. 2. “Al + RPA + X” intervention field hierarchy model for college students’ learning
adaptation in the intelligent age.

intervention in the whole intervention field. This layer is a multimapping network com-
posed of N rules and N processes, and automatic execution is realized by RPA (Robotic
Process Automation). RPA can act as a fast executor of various artificial intelligence
algorithm models, and establish a linkage channel among Al assistants, Al agents, and
Al algorithm models, so that data at the carrier layer can flow continuously and accurately
between applications at the link layer, generate credible decision-making suggestions
and provide a connectivity channel for implementing individualized learning adaption
interventions at scale.

The session layer is a value experience ring formed by multi-agent and multi-
dimensional interaction, and it is the part of the whole intervention field that shows
the process of human-machine synergistic intervention and feedback the effectiveness
of intervention. This layer is composed of student groups, teacher groups, and artificial
intelligence agents or assistants. Artificial intelligence agents or assistants can assist stu-
dents and teachers to establish effective connections, and provide students and teachers
with appropriate feedback and appropriate guidance according to the specific situation
of human-machine interaction, provide an entrance and entry point for implementing
individualized learning adaption interventions at scale.

4.4 Operating Mechanism

According to the hierarchical structure model of college students’ learning adaptation
intervention field in the age of intelligence, combined with the core concepts, key tech-
nologies and supporting tools of “Al + RPA 4 X” intervention field construction, around
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the generation, circulation and application of data points, the research proposed the
intelligent era’s college students’ learning adaptation field operation mechanism, which
characterized by refining key multi-dimensional data points, binding multi-application
connection flow, establishing automatic execution rule chain and forming a session set
for human-machine interaction, as shown in Fig. 3.

Refine Key Multi- Bind Multi-application Establish Automatic Form a Session Set for
dimensional Data Points Connection Fl Execution Rule Chain Human-machine Interaction

Data point 1
Data point 2

Individual
ti

Homework error data,
Behavior log data,
Emotional level data,
Psychological index
DP(1,2,--n)

Al assistant / Al agent

PHD

NLP,
RPA

Blg;laeta, Linker,

RPA,
Block chain Block chain

computing

Fig. 3. The operating mechanism of college students’ learning adaptation intervention field in the
intelligent era.

Refine Key Multi-dimensional Data Points

Refining the key multi-dimensional data points provides the data basis for the connection
of multi-elements between the whole intervention fields. By refining and analyzing the
multidimensional data of college students’ individual characteristics, past achievements,
wrong homework questions, behavior logs, emotional level and psychological index, we
can find out a number of key data points, and analyze which learning application can
generate corresponding data, so as to provide a basis for establishing application connec-
tion flow. Using big data to mine the association and implied information between data,
and using edge computing distributed processing can improve the granularity of data,
in order to provide a more credible basis for the construction of application connection
flow.

Bind Multi-application Connection Flow

Binding multi-application connection flow is to establish a channel for data flow, thus
providing a trusted routing network for data exchange. On the basis of multi-dimensional
data points, find matching teaching and learning applications and carry out semantic bind-
ing, and establish connection flows between applications, which can provide support for
the automatic execution of corresponding intervention rules. In this link, the standard-
ized exchange of data between applications can be realized by using connectors, and the
consistency in the process of data exchange can be ensured by using blockchain, thus
providing an available path for establishing an automated execution rule chain.

Establish Automatic Execution Rule Chain
Establishing automatic execution rule chain provides association rules and transfer
dependencies for the connection flow between different applications, thus providing a
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basis for automatic combination and mutual call between applications. Different applica-
tion connection flows are encapsulated into rule classes with various functional attributes,
and mutual call and data exchange are realized through interfaces. In this link, RPA can
be used to realize the automatic call, chain call and adaptive adjustment of rules, and
blockchain can ensure the consistency of data among various rules, providing intelligent
attributes for the formation of human-machine interaction session sets.

Form a Session Set for Human-Machine Interaction

Forming a session set for human-machine interaction provides an entry point and an
exit point for human-machine synergistic intervention. On the one hand, Al agents or
Al assistants can provide students with corresponding decision-making suggestions and
learning resources, provide intervention methods and related cases for teachers, and
guide effective interaction between students and teachers. On the other hand, while
automating the execution of preset rules, Al agents or Al assistants carry out network
tuning of rules, cascading calls of applications and visual feedback of data according to
the feedback of students and teachers. Constantly adjust the effectiveness and credibility
of data points, application flows, rule chains and session sets to ensure the effectiveness
of the intervention.

5 The Application of “AI + RPA + X” Intervention Field in College
Students’ Learning adaptation

5.1 Design

The study selected 49 undergraduate normal students in the 2021 grade of H University
as the research subjects, took the 18-week teaching period of the “Instructional System
Design” course in the second semester of the 2022-2023 academic year as the research
cycle, adopted the design-based research method, applying the “Al 4+ RPA + X” inter-
vention field in this process. We used the College Student Learning Adaptation in the
age of Intelligence (CSLAII) scale (Xie Y et al. 2023) as a measurement tool, analyzed
the effectiveness of the “Al + RPA + X” intervention field by combining the feedback
of teaching and learning activities and student satisfaction.

Firstly, relying on the CSLAIL scale, we conducted a pre-test on the learning adap-
tation of the research object to obtain the result (Y0). Then, the optimization tool based
on the “Al + RPA + X” intervention field hierarchy model was used to intelligently
transform the existing field. We selected a certain teaching week as an important obser-
vation point, got the results(X) from learning satisfaction, etc. Finally, the results (Y)
were obtained after the post-test on the research subjects, and based on the pre and
post multidimensional measurements, the application effect of the intervention field was
determined to be C = (Y-Y0) + X.

5.2 Implement

The study took the key observation class “strengthening first-class curriculum design of
ideology and politics” as an example, which aims to require students to understand the
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connotation and characteristics of curriculum ideology and first-class courses, and to
master the method of designing first-class courses with strengthened curricular ideology
and politics. Students applied the “Al + RPA + X field to participate in learning
activities, including “Independent judgment: Please judge whether the content shown in
the following pictures reflects the ideology and politics”, “Human-machine synergistic
analysis: What are the characteristics of a first-class curriculum?” and “Collaborative
group discussion: How to design a first-class course that strengthens the ideology and
politics?” etc. The class relied on the National Higher Education Intelligent Education
Platform, which connects students’ learning data inside and outside the classroom by
carrying out blended teaching, providing solid support for the implementation iterations
of intervention and field adjustments.

Automatic Acquisition of Push Information Data

Before class, aiming at the online classroom data in the National Higher Education Intel-
ligent Education Platform, we used the RPA technology to realize the automation of the
whole process of learning data collection, processing and pushing, and then help teachers
to accurately design teaching activities according to the email content. After class, the
classroom feedback results obtained from the pre-designed satisfaction questionnaire
were automatically sent to the teacher within 2-3 days after the end of a classroom les-
son, and the feedback results are categorized according to different conditions for timely
processing and adjustment.

Carry Out Human-machine Synergistic Teaching Based on Mathematical Intelli-
gence

The generative Al tool provided in the classroom activated the human-machine synergis-
tic channel. In the process of interactive dialogue between students and Al assistants, it
dynamically generated and recommended valuable viewpoints and content for students,
customized precise and intelligent teaching services one-to-one, formed the problem
solutions based on subjective dialogues (as shown in Fig. 4) to solve problems arising
during the completion of learning tasks. It expanded the category of subjects in the
learning field, effectively stimulated the internal drive of students’ participation, guided
students to reach the established learning objectives without probation, and facilitated
the process of deep interaction and blended learning.

Improvement of Dynamic Tracking, Evaluation and Diagnosis

Based on the iData data collection and circulation platform, the one-click questionnaires
on course satisfaction of Instructional System Design were sent to students after class to
track the study longitudinally and focus on the process dynamically, so as to understand
the students’ learning experience and satisfaction in terms of learning tools, teaching
content, teaching activities and learning inputs, etc..Then we gave full play to the guiding,
diagnosing and feedback functions of tracking and evaluation data, to automatically
transfer the resultant data to teachers in a timely manner, and classify the feedback
results according to different conditions for processing and adjustment, so that teachers
can judge students’ learning situation and improve teaching accurately.
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Fig. 4. Learning activities based on Al conversation

6 The Effect of “Al + RPA + X” Intervention Field on College
Students’ Learning Adaptation

6.1 The Index of Learning Adaptation

The results of pre and post test of intervention field application show that the total index
and each dimension index of college students’ learning adaptation almost increased in
different degrees, among which the total index of college students’ learning adaptation
increased from 5.0521 to 6.3804, indicating that positive changes have taken place in
college students’ learning adaptation as a whole, and the application of “Al + RPA +
X” intervention field has achieved certain positive results. However, by further carrying
out the paired sample T test, it is found that there are only significant changes(P < 0.05)
in the dimensions of “learning tool” and “learning community”. The specific results are
shown in Table 1.

According to the test results, it can be seen that the total index of college students’
learning adaptation is t(49) = —0.165, p = 0.870 > 0.05, which shows that even though
college students’ learning adaptation has improved (K = 0.2%), it has not changed
significantly. The study discussed this separately and concluded that relying on the
intervention field of “Al + RPA + X”, teachers adjust teaching activities and integrate
Al assistants, which is the main reason for the improvement of “cognitive ability index”
(K'=3.3%, p =0.135), “thinking ability index” (K = 2.0%, p = 0.455) and “‘emotional
attribution index” (K = 3.4%, p = 0.181). At the same time, according to Sewart’s
continuous attention theory, the after-class “learning satisfaction” survey provides a
channel for students’ feedback, which may be the main factor for the relative increase
of emotional attribution index. In addition, most of the existing research subjects are
digital aborigines, who have certain advantages in using learning platforms for digital
learning, using digital learning tools to adjust their own learning process, and carrying
out community learning; however, due to the students’ vague cognition of the overall
learning goals, their self-regulation is easy to deviate from the direction of self-regulation
and need guidance to better achieve self-adaptive adjustment, this is not only an important
reason why the indexes such as “learning platform” (K =2.7%,p = 0.392) and “learning
resources” (K = 2.6%,p = 0.376) have not changed significantly, but also a key aspect
of further optimization of “Al + RPA + X” intervention field. Even in the “Al + RPA +
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Table 1. Results of T-test of paired samples for college students’ learning adaptation.

Index name | Pre/Post- N M K SD daf |t P
Intervention
Test
Learning before 49 15052 |02% 0.781 |48 |-0.165 0.870
Adaptation intervention
Total Index | gy 49 | 5.064 0.716
intervention
Cognitive before 49 10.148 |3.3% 0.032 |48 |-1.521 0.135
Ability Index | intervention
after 49 10.153 0.029
intervention
Thinking before 49 10.348 |2.0% 0.076 |48 |-0.753 0.455
Ability Index | intervention
after 49 10.355 0.074
intervention
Emotional before 49 10.322 |3.4% 0.068 |48 |-1.359 0.181
Attribution intervention
Index after 49 0333 0.054
intervention
Learning before 49 10.148 |2.7% 0.026 |48 |-0.864 0.392
Platform intervention
Index after 49 |0.152 0.020
intervention
Learning before 49 11.059 |2.6% 0.200 |48 |-0.893 0.376
Resource intervention
Index after 49 | 1.087 0.140
intervention
Learning before 49 10.042 |316.7% |0.061 |48 |-12.852 |0.000
Community | intervention
Index after 49 0175 0.047
intervention
Learning before 49 10302 |6.0% 0.055 |48 |-2.390 0.021
Tools Index | intervention
after 49 10.320 0.044
intervention

*Percentage of changes in M before and after intervention.
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X” intervention field, there are no significant differences in many dimensions of learning
adaptation before and after the intervention, but the development of accurate teaching
activities based on Al services has significantly improved the indexes such as “learning
tools” (K = 316.7%, p = 0.0) and “learning community” (K = 6.0%, p = 0.021).
In short, from the perspective of learning adaptation index, the intervention field has
achieved good results and can promote the interaction among subjects.

6.2 Learning Satisfaction

The students’ satisfaction questionnaire shows that the average score of classroom teach-
ing by the students participating in the study is 4.5 (the full score is 5). Specifically, 43%
of students gave the course a score of 4 and 5, while the remaining 14% gave the course a
score of 4.5. In addition, students show positive feedback such as “comfortable teaching
environment”, “rich resources of course team”, “good paper sharing”, “comprehensive
and easy to understand practice”, and the possibility of recommending courses to friends
or other students is higher than 3.5. And in the overall experience of the course, most
learners agree that “I can speak actively in the online or offline community”, “I think
both online and offline learning goals are in line with learning needs”, and “The mixed
learning evaluation in the classroom can better reflect my learning situation and urge me
to adjust my study flexibly” and so on.

From the above analysis, it can be seen that the “Al + RPA + X” intervention field has
varying degrees of effect in learning adaptation index and learning satisfaction, which
proves the effectiveness of the intervention field. However, due to the limitations of the
indirect port of the platform, security authentication and so on, it is not clear that the
independent or combined application of Al, RPA, X and other technologies will play
a specific role and effect on college students’ learning adaptation. Therefore, the study
has some limitations, and further research is still needed.

7 Conclusion

Learning field plays an important role in supporting, guiding and promoting students’
learning activities. The research focuses on the construction and application of learning
adaptation intervention field for college students in the age of intelligence, uses research
methods of survey research, literature research, theoretical deduction, and design-based
research method, under the guidance of field theory, combined with the development
direction of digital transformation, proposed the concept of college students’ learning
adaptation intervention field construction of factor connectivity, link routing and data
integration; applied technologies such as Al and RPA to build an “AI + RPA + X” inter-
vention field that highlights the characteristics of human-machine synergy, and clarified
its hierarchical structure and operating mechanism; carried out a one-semester practical
application for 49 undergraduate normal students majoring in educational technology
in the 2021 grade of H University, and analyzed the application effect of “Al + RPA
+ X” intervention field. The results show that the “Al + RPA + X” intervention field
of college students’ learning adaptation can provide theoretical and practical reference
for constructing and optimizing the existing field and interfering with college students’
learning adaptation.
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Abstract. This investigation explores the utilization of the digital human model
(DHM) in design education, including a survey and a case study of design stu-
dents’ learning results. The survey comprises an anthropometric investigation of
106 students of a university and an investigation of design students who use DHM.
The study examines the design students apply DHM and product design to design
scenes. The survey results show that the students’ design works can be divided
into three types: (A) adjusting 3D human models (61.3%), (B) no adjusting 3D
human models (23.6%), and (C) no importing 3D models (i.e., only cut-paste
human shape images; 15.1%). Most of the students are able to use the low design
threshold approach to generate good design works. In addition, the case study
focuses on the students’ design works of door handle devices in public places dur-
ing the COVID-19 epidemic. The results show that the simulated sensory feedback
the virtual environment gives to the students lacks sufficient accuracy. Although
designers could simulate the user’s operation in the early design stage, however,
applying DHMs does not ensure the generation of optimal designs. In product
design experiments, physical prototypes are needed to simulate the user’s working
force, to which the optimal angles and shapes can be determined.

Keywords: Digital human model - Design education - Product design -
Human-machine interactive - Anthropometry - Door handle auxiliary device -
COVID-19

1 Introduction

Due to the rise of the wave of the metaverse, the virtual digital human model (DHM)
has become indispensable. The development of digital human models (DHMs) in the
human factors engineering field has a long history, mainly in industrial engineering,
simulation, and the application of assembly efficiency on the production line. Recently,
the application of DHMs is not limited to the field above and plays a vital role in educa-
tion, industry, entertainment, and design. New applications of DHMs have become an
important academic research field [1]. However, how DHMs can assist design education
is worth considering. This article studies the case of door handle auxiliary devices under
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the epidemic as the theme. It will combine digital human body models, anthropometric
measurements, and product design to discuss the use of combined DHMs and design
education to enter the virtual world to assist in the design process and ascertain the
feasibility of DHMs to assist design education.

In addition, there are obvious differences between Taiwan’s domestic industries and
foreign industries. Taiwan has a few heavy industries but focuses on small and medium-
sized enterprises, including consumer electronics, hand tools, components, medical
equipment, etc. However, foreign countries apply DHM to the automobile industry,
factories, production line planning, medical devices or workstations, etc. DHM is rarely
used in combination with product design in Taiwan. Many enterprises are suitable for
applying DHM in product design, such as furniture design, shoe design, input devices
design, etc., which are worthy of in-depth discussion. Also is worth introducing DHMs
in human factors engineering courses for students to learn the application of this new
technology in product design.

Therefore, this article considers the importance of users in the human factor design
with daily life. In addition, it combines DHMs and human-centered design. So humans
are no longer invisible characters in product design drawings, but play a critical role
in having a close interaction with the product. On the other hand, applying DHMs can
simulate user operation behaviors, enhancing students’ creativity in product design, and
solve complex real-life design problems. This paper introduces the course of DHMs in
the human factors engineering course at the university. We aim to attract more students’
interest in combining DHMs and product design through DHMs studying courses.

2 Literature Review

The article’s literature review focuses on the significance of DHMs in product design,
the impact of CAD on design education, and the development of door-handle auxiliary
devices to address public health concerns during the COVID-19 pandemic.

2.1 Digital Human Model

Advances in digital human models (DHMs) and computer-aided design have revolution-
ized the field of product design, with applications in clothing design, furniture design,
and automotive design. Design prototypes can be simulated and virtually tested using 3D
analysis software, which assists in understanding the interaction between the designed
product and relevant body regions [2]. In addition, digital human modeling of design
has been widely used in biomechanics, education, and healthcare [3]. Also, Univer-
sity of Michigan researchers need to improve existing DHM to better serve as effective
ergonomic analysis and design tools and effective posture and motion prediction models
for various human populations [4].

On the other hand, virtual reality has been widely used in various manufacturing
industries, and the DHM is crucial for virtual manufacturing applications. The DHM
solution is based on morphological, behavioral, and product modeling. Also, based on
multiple knowledge engineering operations, the available knowledge is transformed into
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a higher level [5]. Simply put, DHMs are increasingly used in the early stages of product
design.

The DHM is considered the best method to capture all the detailed movements,
correct wrong usage, and to facilitate improvement in the process. The goal is to simulate
the operation use of real-life people. Relevant cases include a method for analyzing the
ergonomics of equipment specifically designed to house refrigerated display units, the
study describes the method, including selected virtual persons, refrigerated units, and
products handled [6]. A research lab at the University of Oregon proposed an ergonomic
approach for incorporating Human Factors Engineering (HFE) guidelines early in the
design process. The method utilized virtual reality (VR), computer-aided design (CAD),
and participants in the conceptualization phase before building a functional prototype.
It was used to evaluate human performance during a Boeing 767 cockpit fire emergency
[7]. In addition, related applications and research of DHM include electric bicycles [8],
traffic lights [9], threshing machines [10], car driving seats [11], and wheelchairs [12].

2.2 CAD’s Impact on Design Education

Research by Brink showed that educators have various encounters with the expected
learning results when the computer-aided design is utilized in instructing, and four
progressive classes arose: (a) Dealing with the product, (b) Utilizing instant models,
(c) Manufacturing and making printed models, and (d) Planning. School teachers and
educators additionally need to offer the most significant benefit for understudies in
their computer-aided design course [13]. Ye’s research mentions the question about
CAD courses: what should be included in such a computer-aided design educational
curriculum [14]?

Different researchers have different opinions on whether CAD can stimulate stu-
dents’ creativity. Altay mentions that the virtual techniques suggest that CAD has prac-
tically zero worth as a stimulus for ideas [15]. However, Mustaamal’s research mentions
that from the analysis and discoveries, the study recommends a connection between
the emergence of imaginative ways of behaving and the use of CAD in designing [16].
Thus, Gelmez’s research mentions a model associating the knowledge types with learn-
ing results as far as their intricacies were developed for CAD courses [17]. This means
that the design of CAD courses needs to consider different factors to achieve the best
results for students and creativity stimulation.

2.3 Door Handle Assist Design During the Epidemic

The COVID-19 virus may remain on various surfaces for up to 72 h. Thus, avoiding
direct contact with surfaces is a critical way to reduce contamination during a pandemic,
especially in public and healthcare centers [18]. Some components, such as buttons,
door handles, switches, etc., can be viral spreaders because they interact with many
people, especially in public places, such as hospitals, buildings of communities, and
transportation stations. Therefore, a series of handle modifications have been developed
to allow alternative mechanisms for door opening without direct skin-to-surface contact
[19].
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These doors handle auxiliary devices can be pressed by elbows, hooked by fingers,
stepped on by feet, or presented as additional designs. Relevant literature includes Taipei
Veterans General Hospital, which proposed a new device to enhance existing door han-
dles, to avoid direct contact with hands and reduce the transmission of microorganisms
through healthcare workers [20]. In addition, researchers report their experiences of
designing, producing, and dispatching three 3D printed components designed to reduce
the risk of COVID-19 contamination by limiting direct contact: (a) fixed hand-free door
openers, (b) door hooks and (c) button pushers [21].

There are also additional door handle-mounted designs, with the most commonly
used door handles revised to develop proposals that can be applied to existing models. The
goal is to avoid the need for their complete replacement. Through the interplay between
engineering, design, and ergonomics, an assisted hands-free door-opening device is
developed to provide greater ergonomic comfort [22]. On the other hand, 3D printing
also plays an important role. For example, one hand-free door handles auxiliary device
is a gadget that allows the user to open the door by elbow or foot. Also can be applied
3D printing to reduce direct contact with the door handle, contact and avoid potential
contamination points [23].

3 Methods

This article outlines a research framework consisting of three main components: survey
and analysis, case study, and discussion. It focuses on the application of Digital Human
Models (DHMs) in product design, with a particular emphasis on door handle auxiliary
device design in response to the COVID-19 pandemic.

3.1 Research Framework

The framework of this study consists of three parts: survey and analysis, case study,
and discussion. In the survey phase, there are two investigations. The first one is an
anthropometric survey of university students and then create 3D of DHMs from the
survey data. The second one is followed by a survey of design students learning the
DHM to design scenes. The research framework is presented in Fig. 1.

In addition, the case study applies the DHM to aid door handle auxiliary device
design. Many people attract attention to the door handle auxiliary device design, due to
the Covid-19 pneumonia epidemic that has impacted the world in recent years. People
have begun to emphasize the need to maintain a safe distance from each other and
reduce unnecessary contact. Therefore, door handles that we often encounter in our
lives have become one of the problems that need to be urgently solved. Many products
have appeared on the market. The handle device allows people to open the door without
touching the handle. However, the shape currently on the market is too limited in its
application, and considering products with human factors is required. Thus, we plan
to design a model that is more in line with the design of the ergonomic door handle
auxiliary device through the DHM, design experiments, and analysis of human factors.
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Fig. 1. The Research Framework.

The last part of the research framework is the discussion. Applying the virtual 3D
DHMs method and physical models of product design, the study will compare the differ-
ences between the two. Also, we discussed the advantages and limitations of the virtual
model application of the DHM.

3.2 Create a Process Combining DHM and Product Design

The 3D software for creating DHMs is MakeHuman, and the software for integrating
product design and DHMs is Blender. Afterward, 3D rendering software is used for
rendering, and preparations for implementing VR/AR are provided. The detailed creation
procedure is as follows.

1. Apply MakeHuman software to create a DHM. Next, adjust age, gender, body shape,
skin color, and other characteristics. Then set the export 3D file format, MHX2 or
MPFB.

2. Use Blender to receive the 3D file format of the MakeHuman or apply the MPFB
file format to input. In Blender, you can adjust the posture of the received DHM and
integrate it with product 3D models by other designed software.

3. Apply product design software to design products 3D, such as Rhino or Creo, and set
the output 3D file format.

4. Use Blender to integrate product design 3D models and DHMs. And then complete
scene rendering. In addition, it can also use other rendering software, such as Keyshot.

5. Convert the 3D modeling combining DHMs and product design to virtual reality (VR).
Software such as Simlab Composer or Unity allows the participants to simulate the
usage situation of the product.

4 Survey and Analysis

The study implements two surveys regarding DHMs. The first one conducts a survey of
anthropometry for college students and built DHMs. The second is the survey of learning
results about how the design students apply and learn the DHMs method.
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4.1 Anthropometry for College Students and Build DHMs

First, the investigation introduce how to combine anthropometry with a virtual DHM
and apply it in the field of product design. Anthropometry is the measurement of human
physical attributes. In human factors, anthropometry is used as the basis for setting up
a workstation. Three ergonomic design principles based on anthropometry are range
design, extreme design, and mean design [24]. Anthropometry and anatomical models
will be combined to measure the lengths of hands, arms, and legs for men and women,
and performance modeling for better design of products and workstations [2].

This study covers the human-machine interactive, combined with the DHM, and the
steps to analyze the user’s operation. The investigation considers the human-centered
method and uses anthropometry to measure the height of the user. The participants of
the experiment are second-grade and third-grade students of Ming Chuan University.
The study combines a DHM with product design and tries to apply it to teaching human
factors engineering courses in the School of Design.

Participants are eligible for anthropometric data regarding gender, age, skill level,
and experience. A total of 63 s-year and third-year students of Ming Chuan University
participated in the questionnaire. The participants are 12 males and 51 females, and
their ages are between 20 and 22 years old. All participants are students of the Product
Design Department of the School of Design. The online questionnaire tool used is
Surveycake, and the content of the questionnaire included the sex, hand span, and height
of the participants. The questionnaire results found that the average height for females
is 160.73 cm and a standard deviation of 5.095 cm. At the same time, the average height
for males is 172.25 cm and a standard deviation of 5.048 cm. The data visualization
software for statistical values is JMP 14 from SAS. Also, transfer the data into 3D of
the DHM and adjust the height, please see Fig. 2.

Mean(F): 160.725 | Gender
Mean(M): 172.25 IlF
Em

Gender

——
150 155 160 165 170 175 180 185
Height

Fig. 2. The participants are 63 students in the second grade and third grade of Ming Chuan
University to measure the height. The study combines DHMSs and anthropometric measurements
to create 3D models with accurate height in software.
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4.2 The Survey of Design Students Apply and Learn the DHMs

Next, this study discovers the learning results and performance of DHM applications by
design students. Thus, 106 students in Classes A and B are analyzed, and the learning
results are divided into three types: better learning results (Type A), normal learning
results (Type B), and weak learning results (Type C). Type A students can import 3D
models and adjust the gestures or postures of DHMs according to products or furniture
size. Type B students can import 3D models but only use existing gestures or postures
of DHMs and cannot adjust 3D models. Type C students cannot import 3D DHMs into
the 3D scenes. Also, they can only present gestures and pictures of humans by cut-paste
pictures. Thus, we can see some scale or symmetry issues in the image.

The learning survey result shows that there are 65 students with type A: better
learning result (61.3%), 25 students with type B: normal learning result (23.6%), and 16
students with type C: weak learning result (15.1%). The results are depicted in Fig. 3.

Fig. 3. The learning survey of design students apply a DHM and divided the results into three
types include (a) type A: better learning result, (b) type B: normal learning result, and (c) type C:
weak learning result.

Therefore, 61.3% can import the 3D of DHM and adjust the gestures and postures
of the DHM according to the product or furniture. However, there are still 15.1% of
students cannot import the 3D of DHMs and can only present them by cut-paste pictures.
In general, students can use this method to be fully creative, low threshold to design,
and get good design works.

5 Case Study

The study compares the two methods, applying door handle auxiliary device design as
a case using the virtual 3D DHMs and physical product design models method. The
article highlights the integration of DHMs and VR in product design, emphasizing the
importance of physical prototypes for practical testing and user comfort evaluations. It
demonstrates the significance of proper angles in the design of door handle auxiliary
devices.

5.1 Apply DHM to Aid Door Handle Auxiliary Device Design

The study combined DHMs and anthropometric measurements to create precise 3D
models in software. Thus, we have a relatively accurate height of DHM, which aligns
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with the average height of second and third year university students in Taiwan. We also
can apply the DHM to design products, including consumer electronics, hand tools,
components, medical equipment, etc. On the other hand, we can also apply this model to
the human factor design of daily life, including desks and chairs, office furniture, sinks,
drinking fountains, and even door handles. Next, this case will combine DHM to study
the door handle auxiliary devices on university campuses during the epidemic. The case
study is depicted in Fig. 4.

C
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4

|
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1

Fig. 4. A case study using a DHM to assist a door handle auxiliary device design.

5.2 Simulations of New Product Usability Applying Virtual Reality

Today’s technology could quickly move from 3d modeling scenarios that com-bine
DHMs and product designs to virtual reality (VR). Also, allow experiment participants
to simulate the usability of conceptual products. Virtual reality can be roughly divided
into two categories: static and interactive. Static VR is limited to exploring the scene,
while interactive VR allows users to interact with objects. Some software tools, such as
Simlab Composer, could transform 3D modeling into an interactive VR experience in
the product design process. Allowing designers to design products in a virtual reality
environment is conducive to the integrity of the product. Through the immersive virtual
experience, the designers can also obtain critical feedback from participants on the
developed products. In this way, virtual reality (VR) is converted from an entertainment
tool to an industrial or educational use.

5.3 Apply Rough Prototypes for Design Experiment

In the early stages of the design process, a total of four different types are designed,
including (A) an angled door handle auxiliary device, (B) a horizontal door handle
auxiliary device, (C) a “U” shaped door handle auxiliary device and (D) an “O” shaped
door handle auxiliary device. These four types of designs are all door handle auxiliary
devices. You don’t need to change the original door handle design, and it doesn’t need
to be opened by hand. Pressing the device by elbow can avoid direct contact during the
epidemic. The four types of rough prototypes are depicted in Fig. 5.

At this time, it is possible to integrate the DHM, and the 3D model of the door
handle auxiliary device into the virtual world scene. However, the pressing weight of the
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elbow when pressing the door handle, the friction of the material during contact, and the
tactile feeling of pressing cannot be simulated. Thus, the user must use a physical model
to test and evaluate its effectiveness. However, the DHM can still be used for visual
evaluation to find design problems, such as with the “U” and “O” shaped door handle
auxiliary devices, chiefly how to configure them (place the device vertically or parallel)
to consider which concept is more suitable for use. The goal is to prevent designers from
imagining designs out of thin air and choosing a suitable concept design.

.4

Fig. 5. Rough prototypes of the door handle auxiliary device for the design experiment.

5.4 Apply Experiment Prototypes With Angled

Next, this experiment screened the design concepts of the above-mentioned several door
handle auxiliary devices and carried out a subjective evaluation of the comfort of these
devices. The goal is to understand users’ comfort with different inclination angles when
using the devices. The difference is used as a reference for the designer to design the
door handle auxiliary device. According to our continuous design and modification of
the handle auxiliary device, two auxiliary devices are finally designed: 15-degree and
25-degree. The prototypes of two auxiliary devices are depicted in Fig. 6.

Finally, there are nine participants in this design experiment. All of them are right-
handed, aged between 18 and 56, with a height between 155 cm and 182 cm. The test
scores received after the actual test. Almost everyone prefers a 15-degree door handle
auxiliary device to a 25-degree regardless of age and height.

Fig. 6. Two experiment prototypes of different angles: 15-degree and 25-degree.

According to the statistical t-test result of the two devices, the p-value is 0.0002. Due
to the p-value being less than 0.05, the null hypothesis is rejected, and the 15-degree
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handle device has a statistically significant preference for the experiment participants.
Finally, the interviewees found that the 15-degree device is generally more comfortable
and smoother. Therefore, according to the subjective evaluation and statistical results
after the experiment, it is found that the proper angle between the door handle auxiliary
device and the arm had a significant influence. The door handle auxiliary device is better
at 15-degree than 25-degree. In general, the same device with two different angles, the
15-degree device, is found to be more in line with the user’s needs.

6 Discussion

The applications of DHMs and VR assist in streamlining product design processes, espe-
cially in the early design stages. Still, they cannot entirely replace physical prototypes,
particularly when assessing a product’s tactile and physical aspects. The choice between
virtual and physical models depends on the specific design stage and product.

6.1 DHM and Virtual Reality Could Assist in Product Design

After implementing the case study, the main question is how DHM:s can assist product
design. Whether it is in the early or later stages of the design process. However, in the
early stage of design, because designers are exploring problems, the possible answers
are relatively divergent. Thus, whether it is a circular closed “O” shaped or a semi-closed
“U” shaped door handle auxiliary device may become the final design direction. The
DHM can assist in product design virtual simulation and discover problems in different
concept designs.

Students of design-related departments have strong practical ability, including 3D
modeling, 3D human models construction, scene design, light control, etc. It is not
difficult to convert the models of the virtual world into a physical model, and we can see
the advantages of design department students to design the objects in the virtual world
(metaverse). However, programming is not an advantage for design students. Therefore,
if they can complete the details of the virtual world without programming, it could
narrow the gap between the virtual world and the real world.

6.2 Compare Virtual 3D Models and Physical Prototypes

Regarding which design stage the DHM is suitable for, in this case, it is more suitable
in the early design stage. For example, what is the optima door handle auxiliary device,
whether parallel to the door or perpendicular to it? What kind of suitable situation can
simulate the user’s hand to avoid hitting the door, instead of imagining it out of thin
air? However, in the latter stage of the design, the physical prototype is more valuable
than virtual 3D models. For example, the designer determines the different angles of the
door handle auxiliary device, which one is the optimal design, 15-degree or 25-degree?
Due to some conditions cannot be simulated by digital human body models, such as the
weight of pressing, the feel of use, and the difference in materials. In addition to the
virtual model, the physical model also plays an important role.
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The product design of visualization can be simulated and evaluated, but the feel of
the hand cannot be simulated with a virtual model. For example, an Anne CPR training
manikin is often used in the education and training of CPR. However, a virtual Annie
only can be used to practice the procedure. The students using AR\VR to simulate the feel
of Annie’s is more challenging. Therefore, the participants who operate on the virtual
Anne still need a physical Anne to realize the training practice.

6.3 The limitations of Applying the DHMs and VR in Product Design

Although digital human models (DHMs) and virtual reality (VR) provide many advan-
tages for product design, there are also certain limitations to be aware of. The advantages
include reducing product design costs, a speedy product design schedule, and fewer team
members to complete the project. The limitations include a lack of accurately simulated
sensory feedback and physical feedback. Due to the primary reliance on visual and audi-
tory feedback in DHM and VR simulations, it can be difficult to effectively sense and
evaluate physical characteristics including force, texture, weight, and resistance.

If we take the door handle auxiliary device as an example, designers can simulate
the user’s operation based on the VR environment in the early design stage. How-
ever, depending solely on DHMs and virtual reality cannot predict the optimal design.
The experimentation of human factors is needed with a physical model to simulate the
operation force and determine the optimal design with a suitable angle.

6.4 The Suitable Product Types for Virtual Simulation

Due to different kinds of human factor experiments, there are various product types.
In addition to the door handle auxiliary devices design, available products also include
mug designs, metro ticket vending machines, glasses, one-handed bottle openers, stylus
pens, keyboard cleaning brushes, elevators button layout designs, hair dryers, weighted
computer mice, bus handles, tableware for older people, soft material seasoning jars,
and juicers. Another question is which product type of virtual 3D model by the DHM
is suitable for simulation. After observing the actual design experiment process, the
investigation found that large products are more suitable than small products, product
usability in human behavior evaluation is more suitable than the operation of hand tools,
and visual design is more suitable than tactile design. In addition, the design in the early
stage is more suitable than the later stage.

Therefore, this survey takes the design of the door handle auxiliary device as an
example. If it is necessary to select the optimal design from two auxiliary devices from
different angles in the later stage of the design, the actual test physical model will be
a better choice. However, if it is the design concept that needs to be determined in the
early stage of design, then virtual methods (AR\VR) can be used for simulation. But
this does not mean DHMs can replace rough models, 3D printing, or actual physical
prototypes. It can only save the initial production model’s cost and achieve the effect of
user simulation in the early-stage product design process.
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7 Conclusions

This investigation provides a design students’ learning result survey and a case study. The
case combined DHMs and design education in product design courses to discover how
the method can assist the design process. From a design viewpoint, physical prototypes
still have irreplaceable value in product design. The virtual DHMs cannot completely
replace the user’s experience in use. Nevertheless, the operation and simulation of the
DHM can help the designer or design students choose the appropriate design direction in
the initial design stage. This approach is beneficial for discovering design issues through
visualization. A future direction in research will explore how to use DHMs to integrate
VR glasses to simulate product operations in design education.
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Abstract. Children with hearing impairment or deafness often face difficulties
in spelling and reading. This research aims to develop a program that translates
Thai fingerspelling sign language into Thai consonants. The objective is to use
this program as a teaching tool to help children with hearing impairment under-
stand and learn the Thai language more easily. The program created is a utilization
of Artificial Intelligence (Al) techniques, where the program captures real-time
hand gesture images in fingerspelling sign language and then translates the results
into Thai consonants. It enables them to accurately create hand signs and makes
the learning process more engaging and interesting. The program development
begins with Hand Detection algorithm, which involves detecting the positions of
21 landmarks on the hand after using image processing techniques. After that,
the hand gesture images for all the Thai consonants are captured and saved to
be used as ground truth datasets. Next, the ground truth datasets are fed into the
machine learning process to create a trained model. This enables the program to
match the hand gesture images accurately with the correct consonant flashcards,
using Google’s Teachable Machine. The results of testing the program revealed
that the program has an average accuracy of 79.50%. The program was deployed
with 12 users, consisting of 2 teachers and 10 elementary school students from
Setsatian School for the Deaf under the Royal Patronage of His Royal Highness
Crown Prince Maha Vajiralongkorn. After conducting the user satisfaction survey
and applying statistical analysis methods, the results revealed an overall satisfac-
tion rating of “very satisfactory,” scoring 83.80% across all aspects. The program
developed can be used as a teaching aid for children with hearing impairments to
facilitate their learning and academic progress.

Keywords: artificial intelligence - hand detection - machine learning - student
engagement - student satisfaction
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1 Introduction

Sign language is an essential means of communication for hearing-impaired people. It
is a fundamental and effective way of sharing thoughts, feelings, and opinions. How-
ever, sign language is not universal, with the diversity of over 7000 sign languages with
variability in motion position, hand shape, and position of body parts (Adeyanju et al.
2021). Each country and even regions within countries may have their own sign language
with unique vocabulary and grammar. For example, American Sign Language (ASL) is
used in the United States, British Sign Language (BSL) is used in the United Kingdom,
Auslan is used in Australia, Thai Sign Language (TSL) is used in Thailand, and so on.
Any sign language usually has two schemes: sign and fingerspelling schemes (Nakjai
and Katanyukul 2019). Signs in sign languages are composed of specific handshapes,
movements, locations, and orientations that convey words, phrases, and concepts. Signs
are the core components of sign languages and are used for everyday communication.
Fingerspelling involves manually spelling out the letters of a word using specific hand-
shapes or finger positions that correspond to individual letters of the written or spoken
language. This is especially useful for spelling out words that might not have a corre-
sponding sign or for conveying proper nouns, names of people, places, technical terms,
and unfamiliar words that may not have established signs in the language. Additionally,
the use of fingerspelling can also aid in enhancing vocabulary and literacy develop-
ment for individuals with hearing impairments (Alawad and Musyoka 2018), thereby
increasing opportunities for inclusive learning alongside their hearing peers.

The academic success of deaf students relies on their ability to read and comprehend
the meaning of a text. Thus, the development of literacy skills is considered a critical
factor in deaf students’ academic success. Difficulty in reading and writing among deaf
students adversely affects their learning processes, indicating the importance of literacy
skill development for deaf students (William 2012). Sarchet et al. (2014) investigated
reading ability and specific language skills of deaf students in third through seventh grade.
The results revealed that knowledge of specific ASL structures, including fingerspelling,
correlates with reading achievement. In their study, children who scored better on reading
tests were competent in associative skills, such as the ability to write down words that
were fingerspelled to them as well as the ability to translate initialized signs. Looking
specifically at performance on the fingerspelling tasks, fingerspelling ability significantly
correlated with reading comprehension.

Setsatian School for the Deaf under the Royal Patronage of His Royal Highness
Crown Prince Maha Vajiralongkorn is the first school for the deaf in Thailand. It is a
government school under the Department of Empowerment of Persons with Disabili-
ties, Ministry of Education. Currently, there is teaching and learning of fingerspelling
integrated with sign language at the elementary school level, which is for children aged
between 6 and 10 years old. The current teaching method for fingerspelling involves
the teacher demonstrating hand movements for students to observe, and then presenting
images of corresponding letters for students to look at. This process is repeated over
and over until the students memorize it and can establish the correct mapping between
fingerspelling postures and printed letters. Since students need to practice and perform
fingerspelling sign language gestures frequently, teachers are required to assess the ges-
tures until they are accurate. This results in limited practice time for each individual
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student and consequently hinders the effectiveness of learning. The school aims to pro-
mote students’ ability to learn and practice accurate fingerspelling, laying a foundation
for spelling, reading, and writing at higher grade levels. The purpose of this research is
to introduce real-time Al-driven software tailored to engage learners, for use as instruc-
tional and training materials in Fingerspelling. The goal is to facilitate accurate learn-
ing and enjoyable memorization, aiming to enhance students’ interest and willingness
to learn. By hypothesizing that integrating software could significantly boost learning
enthusiasm, the research aspires to amplify students’ engagement in the learning pro-
cess. The remainder of the paper is organized as follows; Sect. 2 provides the review of
related studies. Section 3 presents the methodology to develop the program and program
usability assessment. Section 4 the results of the program, program accuracy and user
satisfaction scores are presented. The conclusions are presented in Sect. 5.

2 Related Studies

British, American, Russian, Arabic, French, Chinese, and Japanese sign languages rely
mainly on still postures (either in a one-hand or two-hand scheme) with only a few excep-
tions for movement signing. On the contrary, TFSL uses single-hand fingerspelling with
an extension using movement and multi-posture signings for the consonants and a two-
hand scheme for the vowels and intonation marks. Thai Fingerspelling sign language
(TFSL) was developed in 1953 by Lady Kamala Kraireuk, who adapted the ASL finger-
spelling system to suit the Thai language’s phonological and linguistic characteristics.
It is developed to represent 42 consonants, 4 intonation marks and 20 vowels. Noted
that there are 44 consonants in Thai language. Two consonants do not have the TFSL
because they are not commonly used in everyday life. This research focuses on 42 Thai
consonants because it is a significant basic lesson for the children. The TFSL for 42
Thai consonants can be categorized into 3 groups based on the number of postures or
the number of hand movements: single-posture, two-posture, and three-posture. The
diagram of the postures representing the consonants are shown in Fig. 1.

A one-posture consonant means the consonant can be represented using a single
posture or movement. A two-posture consonant and a three-posture consonant mean
that these consonants require two and three postures, respectively, to represent them. In
Thai consonants, there are 15 one-posture consonants, 24 two-posture consonants, and
3 three-posture consonants. These consonants are produced through single use or by
combining 25 different postures (Nakjai and Katanyukul 2019).

Learning and understanding sign language is a complex matter due to the variety
of gestures and communication styles, making communication between regular indi-
viduals and those with hearing impairments challenging. Hence, there are numerous
research works that attempt to develop technologies to facilitate easier communication
between regular individuals and those with hearing impairments. Recent advancements
in Al have created opportunities for research groups to incorporate Al into sign language
recognitions (SLR). There are various ways to apply Al in sign interpreting operations.
More recently, further attention has been directed toward intelligent-based SLR systems,
as they are now being applied in numerous applications. These applications include
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Fig. 1. TFSL for consonants diagram (adapted from Tumsri and Kimpan 2017).

robotics, interpreting services, real-time multi-person recognition systems, games, Vir-
tual reality environments, natural language communications, online hand tracking for
human communication in desktop environments, and human-computer interaction.

Vision-based SLR techniques here later (VSLR), which is an application of intel-
ligent based SLR systems, are used to develop programs to translate sign language
to letters or words. There are research works that apply VSLR techniques to various
countries’ sign languages especially ASL. The application of these techniques to Thai
sign language is more limited. And, using VSLR techniques for TFSL is more complex
compared to other languages due to the presence of many multi-posture consonants. For
example, research studies by Saengsri et al. (2012), Nakjai and Katanyukul (2019, 2021),
and Pariwat and Seresangtakul (2021). The primary applications of VSLR techniques
with TFSL are for communication between hearing individuals and those with hearing
impairments. There is very little research that uses VSLR to be used as teaching and
learning materials.

VSLR techniques can be categorized into five stages: image acquisition, image pre-
processing, image segmentation, feature extraction, and classification. Adeyanju et al.
(2021) describes stages of VSLR as follows. Image acquisition is the first stage in SLR
that can be acquired through self-created or available public datasets. Researchers have
used different devices including a camera or webcam, data glove, Kinect, and leap motion
controller. Among these devices, a camera or webcam is the most widely used by many
researchers because it provides better and natural human-computer interaction without
additional devices, unlike data glove based. Data glove has proven to be more accurate in
data acquisition but very costly and inconvenient for the users. Kinect is wildly used and
effective. It provides both color video and depth video stream simultaneously, however
it is expensive. The leap motion controller is a low-cost device with better accuracy than
Kinect, but it can operate in a limited range.

The second stage is preprocessing to eliminate unwanted noise and enhance the
quality of the image. This can be accomplished by resizing, color conversion, removing
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noise, or a combination of techniques from the original image. Image preprocessing
techniques can be classified into image enhancements and image restoration.

The third stage is image segmentation. In this stage, the regions of interest in
the images are segmented and extracted from the entire image. There are two basic
approaches used for segmentation: contextual and non-contextual segmentation. Con-
textual segmentation employs the relationships between the image features, such as
edges, similar intensities, and spatial proximity. A non-contextual segmentation ignores
spatial relationships between image features, but group pixels based on global attribute
value (Sharma et al. 2021). There are various techniques in segmentation such as Thresh-
olding, Edge detection, Region based, Clustering based, and Artificial neural network
(ANN)-based segmentation techniques. ANN-based segmentation techniques are cur-
rently famous because they do not require a complex program to work, and they are
less prone to noise. However, computational time in training is higher than other tech-
niques. The background of the image also affects the quality of segmentation. In this
research area, backgrounds are divided into 2 types: simple backgrounds and complex
background. The simple background entails the use of a single color such as green,
blue, or white. This can help hand segmentation work more easily, and the system can
recognize accuracy at a high level. However, it is not practical due to the complexity of
the backgrounds in real-life situations.

The fourth stage is features extraction, which transforms the input image region
into feature vectors for recognition. It aims at finding the most distinctive features in the
acquired image. The output is the compact feature vector, which is extracted by removing
an irrelevant part to increase learning accuracy. The features extracted output supports
the classification stage by checking for features that can effectively be distinguished
between classes and help achieve high recognition accuracy. The features extraction
techniques are used as hand detection algorithms in VSLR. There are several approaches
and algorithms used for hand detection: Histogram of Oriented Gradients (HOG), Con-
volutional Neural Networks (CNNs), YOLO (You Only Look Once), MediaPipe Hands.
MediaPipe Hands, developed by Google, is particularly notable for its ability to robustly
detect and track human hands in images and videos, making it a valuable tool for appli-
cations ranging from gesture recognition and sign language interpretation to augmented
reality and human-computer interaction. It employs a deep learning model trained on
a large dataset of annotated hand images. This model can detect hands in a variety of
poses and orientations, making it adaptable to different scenarios and user movements.
One of the standout features of MediaPipe Hands is its suitability for real-time scenar-
ios. It leverages a combination of machine learning and computer vision techniques to
achieve impressive performance without sacrificing speed. This is essential for applica-
tions where quick and accurate hand tracking is crucial. Furthermore, MediaPipe Hands
not only identifies the presence of hands but also provides detailed information about
hand landmarks — key points on the hand’s surface — which can be used to infer gestures
and movements.

The last stage is classification. After the pre-processing, segmentation, and extrac-
tion of features from the images have been completed, it is necessary to use a predictor
algorithm to help give valuable meaning to the extracted features. Machines are trained
to learn and machine learning improves their performance to match the features of the
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new sign image with the stored features in the database for recognition of the given sign
language. Machine learning is a subfield of computer science, and it is also classified
as an Al method (Voyant et al. 2017). The artificial intelligent techniques used for sign
language recognition include supervised or unsupervised. Supervised machine learning
took in a set of known training data and used it to infer a function from labelled training
data, whereas unsupervised machine learning is used to draw inferences from datasets
with input data with no labelled response. Google’s Teachable Machine is a web-based
tool developed by Google that allows users to easily create and train custom machine
learning models without requiring extensive coding or machine learning expertise. It’s
designed to help individuals understand the basics of machine learning through hands-on
experience. Google’s Teachable Machine primarily uses supervised machine learning.
Users provide labeled examples to train the model, and the model learns to associate pat-
terns in the data with specific classes or labels. With Google’s Teachable Machine, users
can train models to recognize patterns in different types of data, such as images, sounds,
or gestures. The process usually involves providing the tool with labeled examples of
data, allowing the model to learn the associations between input data and corresponding
output categories.

3 Research Methodology

The research methodology is composed of 6 main steps as follows.

3.1 Program Development Concept

The process of developing the functional part of the program consists of three phases:
the training phase, the testing phase, and the prediction phase. The flow diagram of
functional part of the developed program is illustrated in Fig. 2.

In the training phase, a trained classifier named Keras.h5 is created. It is a neural
network model capable of recognizing hand gesture images associated with Labels. The
trained model is then tested with another set of hand gesture images to evaluate the
accuracy of model before program deployment. Finally, the program is tested by the
actual users, which is the prediction phase to evaluate the performance of the trained
neural network model.

3.2 Training Phase of Program Development

The training phase follows 5 stages of VSLR techniques mentioned in the second session.
In this research, the TFSL image dataset is a self-created dataset. Thus, the process starts
with creating the dataset. After that, this dataset is used to train neural network model
to create the trained classifier or trained neural network model. Therefore, there are two
parts in this phase as follows.

Data Collection for Sign Language Dataset. This part starts with capturing the hand
gesture image of all 42 TFSL using webcam. Three individuals are used to perform
the hand gesture of these consonants with different angle and distance referred from
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Fig. 2. Program flow diagram.

the webcam. There are 300 images, 500 images, and 800 images created for each one-
posture consonant, two-posture consonant, and three-posture consonant respectively.
Hand detection process is created using OpenCV and CVZone library of Hassan (2022),
which use MediaPipe Hands library. The process starts with using computer vision
to detect a hand from an input image and keeps focus on the hand’s movement and
orientation. OpenCV is used to perform operations associated with computer vision.
After that MediaPipe Hands library is used to perform the actual hand detection and
tracking on input images. Using MediaPipe Hands, 21 landmarks according to hand and
finger joints as shown in Fig. 3 are extracted. These landmarks are embedded in the hand
posture image.
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Fig. 3. Hand landmarks from MediaPipe Hands and their indices.
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Creation of Trained Model. The dataset of hand posture images and landmarks
obtained from the previous section is put into Google’s Teachable machine. Google’s
Teachable Machine primarily uses a technique called transfer learning along with pre-
trained neural network architectures to create machine learning models for image and
audio classification tasks. Transfer learning involves taking a pre-trained model that has
been trained on a large dataset and adapting it for a specific task with a smaller dataset. In
this research, it is employed to create machine learning models for image classification
from the TFSL dataset. The output obtained from this step is a trained model, which will
be used as a trained classifier in the next phase, called Keras.hS5.

3.3 Testing Phase of Program Development

The testing phase is to evaluate the trained model on the validation set to assess its
performance. In this phase, the trained model named Keras.h5 will take features from
another hand posture image dataset performing by the same individuals through the same
process as in the data collection steps. After that, it yields predicted labels, which are
consonants. The testing will be conducted with every consonant, each repeated 10 times,
utilizing various angles and distances from the webcam. Subsequently, instances where
the consonant card images are correctly matched to the TFSL gestures are recorded. The
average percentage of accuracy for all consonants is then calculated.

3.4 Prediction Phase of Program Development

This phase is also referred to as program deployment. The process is composed of the
same steps as mentioned in the testing phase but in this phase, it is done by the actual
users. The actual users in this research are the hearing-impaired students who study in
elementary grade and teachers from Setsatian School. The actual users have various
sizes of hand, TFSL skills and stability of hand gesture, concentrations. These factors
may affect the accuracy of the programs.

3.5 Graphic User Interface (GUI) Design

After completing the testing phase of program development, we can ensure that the
program functions correctly according to our design. The program will then be used
to create a GUI, enabling real users to easily use it, and providing an engaging user
experience. One computer, one monitor, and one keyboard are required when using the
program. The equipment setup, the hand image (input) and flashcard (output) displayed
on the monitor are shown in Fig. 4(a) and Fig. 4(b) respectively.

To use the program, the user performs TFSL in front of webcam. The user captures
the image by pressing “s” button on keyboard to send the image into the program and
ends the program by pressing “a” button on keyboard. Then, the program shows the
flashcard corresponding to the TFSL on monitor. For multi-posture TFSL, the user press
“s” button for each posture and press “a” button when finish all of postures.
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Fig. 4. GUI design (a) Equipment setup (b) Input and output.

3.6 Software Usability Assessment

After program deployment, the developed software usability is assessed. The evaluation
is divided into 3 aspects: Aspect 1 represents the program’s functionality, Aspect 2
pertains to the GUI, and Aspect 3 relates to the program’s benefits. These are used to
create 8 assessment topics in the questionnaire rating scale 1-5, as shown in Table 1. The
rating scores are defined as indicated in Table 2. Criteria are also established to interpret
the meaning of the average assessment scores obtained from participants evaluating
program usage in each topic. The criteria are in Table 2.

Table 1. Topics of each aspect in the questionnaire.

Aspect 1 Aspect 2 Aspect 3
1. Precision 3. Ease of use 6. Text and image 8. Program benefits
2. Response 4. The interestingness size on the screen in enhancing
time in usage, featuring 7. Displaying the Thai consonant
novelty and captivating results through learning
engagement flashcards to
5. Interestingness of enhance
display screen comprehension
components

The experiment participants totaled 12 individuals, consisting of male and female
schoolchildren, with 10 individuals aged between 6 and10 years. All participants were of
Thai nationality and ethnicity, born with normal hearing, without any other disabilities,
and were studying at the elementary level of the case study school. This age and educa-
tional level were chosen as they were currently learning Thai consonants according to
the school curriculum. The teaching staff involved in the experiment comprised 2 teach-
ers responsible for this class. In the program deployment phase, as shown in Fig. 5, the
researcher will explain and demonstrate the program to non-hearing-impaired teachers.
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Table 2. Score interpretation.

Score Level 1 2 3 4 5

Range of 1.00-1.49 1.50-2.49 |2.50-3.49 3.50-4.49 4.50-5.00

Average Score

Meaning need somewhat | moderately | very satisfied | extremely
improvement | satisfied satisfied satisfied

Subsequently, the teachers will convey the usage methods to students using sign lan-
guage, along with demonstrating program usage. Afterward, the teachers will initiate the
software usage trial, followed by the students. Participants in the trial will perform TFSL
posture for every consonant twice and observe the flashcards of the letters displayed on
the screen by the program.

Fig. 5. Demonstration of program usage and program deployment test.

In the evaluation phase, the researcher explained the objectives and meanings of
each topic in the questionnaire to the teachers in detail. The teachers then translated and
conveyed this information to the students participating in the software usage experiment
using sign language. The translation was done topic by topic. Once the students com-
pleted the evaluation for one topic, the next topic was translated and conducted in the
same manner until all 8 topics were completed.

4 Results and Discussion

The accuracy of the trained model reported by Google’s Teachable Machine is 100%.
However, when tested in the testing phase, it was found that the average accuracy for all
consonants decreased to 79.50%. This drop can be attributed to the use of still images
for training the model, while real-time motion images were employed for the testing
phase. Regarding the satisfaction assessment of the program usage, the results, obtained
from 12 real user participants, are presented in Table 3 and visually represented in Fig. 6.
From Table 3, overall average score of all assessment topics is 4.19, indicating that users
are highly satisfied. When considering satisfaction in each aspect of the program, it was
found that the average scores for functionality, GUI, and benefits of the program are
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3.75, 4.32, and 4.42 respectively. These scores exceed 3.50 for all aspects, indicating
that the users are very satisfied in all aspects. In terms of the functionality of the program,
the assessment received the lowest scores, particularly in precision topic. Students gave
an average score of 3.70, while teachers gave an average score of 3.50. The precision of
the program when displaying the results has the lowest score, which could potentially
be influenced by hand stability, hand size, and unfamiliarity with the program. The
display will continuously change according to the user’s hand movements until the hand
comes to a stop. This causes users, especially students, to take longer time to press
the answer submission but