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ABSTRACT

The Al-powered smart classrooms for C-PBL to enhance mobile and virtual learning tech-
nology, or C-PBL mobile and virtual learning are based on the integration of artificial intelli-
gence and virtual reality technologies with problem-based learning and cooperative learning
with an attempt to enhance students’ analytical thinking and curiosity. Thereby, students
are encouraged to do activities in small groups and use analytical thinking skills to distin-
guish problems in a systematic manner, which is believed to enable them to create their own
bodies of knowledge from the problem-solving process in those situations or problems. The
results of this research are consistent with the hypotheses, as it is found that the C-PBL mobile
and virtual learning system is considered a learning tool that can be practically applied in
cooperative problem-based learning processes through virtual smart classrooms in order to
promote students’ analytical thinking and curiosity in learning. Meanwhile, it is believed that
the C-PBL mobile and virtual learning system herein also enables students not only to create
their own bodies of knowledge after doing small-group activities in virtual environments but
also to receive brand-new knowledge as to their own abilities from experiential learning.
However, there are still some research gaps in this study that need to be further addressed
in the future. For instance, future studies should explore a wider scope of application by
doing surveys with more varied populations and broader educational environments so as
to confirm the validity and clarity of study results. Therefore, the findings in this study are
considered merely the findings derived from a pilot study and can be used as just a guideline
for future development.
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1  INTRODUCTION

Technological and social changes in the 21st century have resulted in the need
for indispensable skills for adaptation and self-development in different aspects,
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which will enable modern students to use and expand their knowledge based on
flexibility and the ability to access knowledge sources via the internet. At the same
time, appropriate technologies are required in order to urge students to create
new bodies of knowledge and organize their own learning. Not only that, students
should be encouraged to take part in teaching and learning and have interactions
with others, which is considered a style of learning that can respond to Education
4.0 [1]. Once considering the development of the Thai education system by 2027, it is
important that students of all ages should be developed to their full potential while
possessing morality, ethics, and necessary skills. Besides, they must be ready for
lifelong learning and able to adapt themselves to the New Normal ways of life and
manage to use technologies in order to support new learning styles that can pro-
mote 21st-century learning, focusing on interactive learning, participatory learning,
and active learning [2]. In addition, there is also an emphasis on the instruction
management that can promote students to develop life skills and practically apply
them in their future careers, aiming to equip students with the qualifications that
are consistent with the demand of workplaces, communities, labor markets, and
even self-employment [3]. For this reason, learning via online platforms has been
applied to education systems with an aim to adjust instruction processes and facil-
itate learning activities in such a way that they would be consistent with more
diverse contexts. It is expected that this can provide opportunities for learners to
access knowledge, collaborate with others, and create new bodies of knowledge
regardless of time and place [4].

Recently, online learning in higher education has grown rapidly, and a num-
ber of higher education institutions have begun to offer online courses in order
to fulfill students’ needs for easy access and high flexibility [5]. Several formats
of instruction management have been developed, and all of them focus on stu-
dents’ engagement and practices that can enhance work skills. It is believed that
the teaching methods in which teachers set up different atmospheres, conditions,
or situations according to specific groups of students [6] can assist students in see-
ing the problems that may arise. In other words, the problem situations established
by teachers will encourage students to think analytically and systematically and
then enable them to work practically [7]. Teachers may use a cooperative problem-
solving process, in which students search for knowledge in order to find out solu-
tions and have a clear understanding of the problems; meanwhile, teachers are
acting as facilitators with minimal participation in that process [8]. It is said that
this is the instruction method that allows students to make decisions on what they
really want.

1.1 Thesignificant effects of technologies on cooperative problem-based
learning in digital society

Nowadays, classroom activities are usually organized with the aid of virtual
classroom technologies combined with artificial intelligence, which is better than
traditional classrooms [9]. This is because this method is said to provide students
with more learning opportunities and more engagement in formal educational
experiences. A variety of educational technology tools have been used to record
lectures, analyze performance, and monitor students continuously in real time in
order to make sure that all students have access to educational resources and receive
equal support [10]. The virtual smart classroom will be designed with the instruction
management that covers all subjects, and the main objective thereof is to stimulate
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students to seek knowledge and, meanwhile, create their own bodies of knowledge.
In addition, the classroom of this kind can also encourage students to practically
do analytical thinking, synthesis thinking, and creative thinking; solve problem:s;
and process the data and knowledge by themselves. Furthermore, the virtual smart
classroom also helps promote learning skills, communication skills, and information
and communication technology skills, all of which can be applied in students’ daily
lives [11].

Additionally, the integration of different technologies in the instruction
management can also enhance the communication skills and teamwork skills of
students [12]. This is consistent with cooperative learning, which refers to the col-
laboration in small groups of students who are working together in order to improve
learning skills of their own and of their teammates and to achieve the results that
benefit both themselves and the team members [13]. The cooperative learning
herein refers to the learning management in which students with different abilities
work together in small groups, exchange their learning or knowledge derived from
the assigned problems [14], [15], summarize their knowledge into learning contents,
and then achieve their mutual goals [16]. In the meantime, teachers are responsible
for giving advice, assistance, and suggestions on additional information sources or
applying any strategies that can help students gain knowledge from the said activities.
Also, teachers can choose any learning management formats that are appropriate to
the learning contents [15]. Thus, it can be said that cooperative learning can stim-
ulate students’ intrinsic motivation, improve attitudes towards learning, enhance
learning efficiency, and enable them to achieve their learning goals. Several earlier
studies have also indicated that cooperative learning can improve learning efficiency
and also add more fun to the learning [17].

According to the aforementioned details, it is expected that the integration of
education technology with problem-based learning and cooperative learning will
help promote students’ analytical thinking, and this enables them to consider,
review, and distinguish the importance, relationships, and principles in order to
receive the sub-issues of facts in various aspects [18], [19]. Moreover, the learning
of this style is believed to help students search and link relationships of different
bodies of knowledge together, search for different backgrounds of things in their
work [20], and then analyze them so as to find out the real causes of what has hap-
pened in a systematic manner. Nonetheless, this must be coupled with students’
curiosity since it is considered an indispensable skill highly needed in the future.
Curiosity will not only provoke students to explore, question, and seek knowl-
edge, but also promote their creativity, critical thinking, and problem-solving skills
during the learning processes [21]. Curiosity is also like a mental state that stimu-
lates students to search for information, and it will fade out once the said informa-
tion is acquired [22]. Classified as CQ (curiosity quotient), curiosity is said to open
up opportunities to learn from others and from the outside world, to talk and build
relationships with others, and to bring about new and exciting experiences [23],
[24]. Once curious about different things, students will be able to learn throughout
their lives.

1.2 Contribution of mobile learning technology to students’ engagement
in virtual learning

Thanks to the constant development of information technology, mobile learning
technology has been widely used in higher education, and this eventually results in
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the so-called personalized learning. To illustrate, personalized learning is a learn-
ing format intended to provide specific learning content and methods according
to the needs, interest and learning progress of each student. Thus, personalized
learning has become an important trend in modern education [25]. In addition,
the traditional graphical user interfaces (GUI) have been replaced by the emerging
touch screen devices, such as tablets, offering a new way for children, even the
very young ones, to interact with digital technologies with no need of such external
input devices as a mouse or a keyboard. It is believed that the use of natural ways
to interact with touch screen devices allows users to express themselves naturally,
which can further promote communication, collaboration, and students’ engage-
ment [26]. So, it can be said that all of the aforementioned technologies have been
applied to facilitate interactive teaching and learning in place of the traditional
classroom learning.

Recently, individualized learning has become such a significant research trend
in the field of education that mobile devices have also become indispensable learn-
ing tools. This is because these gadgets can effectively fulfill students’ needs for
individualized learning, enhance their engagement, promote collaboration, enable
them to create bodies of knowledge, and allow access anytime and anywhere with
mobile interactivity [27]. The main feature or benefit of mobile learning is that it is
not limited to a specific place; for instance, students are able to learn anytime and
anywhere by means of mobile interactivity. This concept provides students with
new freedom for learning and, meanwhile, increases their engagement and acces-
sibility to the learning sources. In addition, the mobile device adaptability that can
make it more flexible to satisfy specific needs is another key feature of this mobile
learning. The concepts of mobile learning can be divided into three main categories:
(1) mobility of learning, which is the ability to use digital devices to deliver learn-
ing materials to users via wireless connectivity; (2) mobility of the learner, which
refers to the ability to learn and communicate with other learners anywhere and
anytime via specific delivery channels; and (3) mobility of technology, which means
the ability to deliver learning materials, communicate, and learn via mobile tech-
nologies [28].

Additionally, mobile technologies also have a vital role in the social adjustment
of adolescents. Although these technologies may cause social isolation and anxiety
in some circumstances, they are still considered valuable tools for building social
networks, accessing support systems, and improving digital literacy skills, all of
which are highly essential for living in today’s modern world [29]. The results of
studies indicate that the use of mobile technologies has increased significantly
since 2018, with a shift from general elLearning applications to specialized Al
applications, particularly in mobile learning (M-learning) environments. It is said
that these applications make education more adaptable, customizable, and flex-
ible with the aid of Al-powered M-learning platforms [30]. Also, push notifica-
tions have been widely employed in Al-powered chatbots. These are the samples
of applying Al in education, leading to individualized learning experiences that
help improve the efficiency of administration along with more creative teaching
strategies.

In mobile learning environments, students’ learning behaviors are not limited
to the classroom learning because they are able to interact with almost every-
thing through their mobile devices and platforms. These interactions include
browsing the learning resources, participating in online discussions, submitting
assignments, receiving feedback on quizzes, and many more [25], all of which can
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be conducted via mobile interactions under virtual learning. This can stimulate
learners to respond and interact with virtual environments and have more engage-
ment in learning. Due to the unique characteristics, interactive devices have been
widely applied together with various techniques in order to respond to the needs of
learning and daily life.

The New Normal education has emphasized the significance of digital environ-
ments so as to move towards Thailand 4.0. Digital technologies have forced people
in society to adapt themselves to digital environments, which clearly reflects today’s
learning methods. Once taking into account educational perspectives, digital tech-
nologies have significantly changed learning behaviors since they can be used as
tools to expand educational opportunities and promote lifelong learning for all ages
and all professions regardless of time and place [31]. Virtual learning environments
have been introduced and applied in instruction management, especially in terms of
learning design and digital platform learning, and this enables learners to carry out
collaborative activities anywhere and anytime, which is quite suitable for learning
in such a digital age like this [32]. Besides, virtual learning environments can also
promote enthusiasm for learning as learners are able to access and take part in
virtual spaces, which are fabricated with the combination of varied technologies of
the virtual world and the physical world.

The overviews of the related theoretical concepts and literature insist that it is
highly significant to apply mobile learning technology in education in various con-
texts. It can be clearly seen that mobile learning technology allows learners to have
more engagement in interactive learning in real contexts by means of various learn-
ing techniques through communication channels and the online world. It is believed
that this can create limitless experiences that will further promote learning through
digital technologies in the new normal world.

2  RELATIONSHIPS BETWEEN THE RELATED RELEVANT THEORIES

The analysis in this study was conducted on the basis of the relevant concep-
tual frameworks, the theories, and the research in order to develop the C-PBL
mobile and virtual learning. Thereby, the relationships of this development are
as follows:

2.1 Relationships between the problem-based learning theories
and the development of the C-PBL mobile and virtual learning

The problem-based learning is a kind of learning-management in which teachers
will set up situations or problems for students to think analytically and solve the
said problems in a sequential manner. Students are expected to create bodies of
knowledge by their own based on the problem-solving processes in different situ-
ations or problems while teachers are responsible for facilitating and supporting
students only [8]. The problem-based learning consists of six steps, i.e., 1) Define
problems: Teachers establish different situations and arouse students to be inter-
ested and realize the problems therein. Thereby, the said problems can be set up
as to students’ interest so that they are eager to know and find out the solutions.
2) Understand problems: Students try to understand the problems they are learning
about, and they must be able to explain any things related to the said problems.
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3) Study self-directed contents: Students determine what they have to study and
carry out their own research based on various methods. 4) Synthesize knowledge:
Students exchange and learn the knowledge derived from research with others,
analyze and discuss the study results, and then synthesize the knowledge for their
own groups. 5) Summarize results: Each group of students summarizes the research
results and evaluates the suitability of the information they have studied, which can
be done by examining the ideas within their group. 6) Present and evaluate results:
Students organize the acquired information into bodies of knowledge and present
them in a systematic manner.

In this study, it can be clearly seen that the problem-based learning processes
have a relation with the development of the C-PBL mobile and virtual learning.
This is because the problem-based learning makes the learning process devel-
oped herein have an explicit structure with clear elements, and it can support
the learning formats that are appropriate to the current situations. The roles
of teachers are limited to designing activities, creating classroom atmospheres,
giving advice and guidance, and encouraging students to think analytically.
Meanwhile, students are required to have the characteristics of curiosity and
enthusiasm in seeking information, and they must have full engagement during
the learning process in order that they can enhance their analytical thinking
skills and curiosity.

2.2 Relationships between the cooperative learning theories
and the development of the C-PBL mobile and virtual learning

Cooperative learning is a style of instruction management in which students
who possess different abilities are allowed to work together in small groups. The
learning of this style emphasizes the teamwork process and gives students opportu-
nities to work together in order to achieve the outcomes of the groups [16]. Teachers
are responsible for giving advice and assistance and guiding additional resources.
Referring to the benefits of cooperative learning, it is believed that this learning style
helps students achieve better learning results, improve social skills, and have more
confidence when presenting or discussing in their groups [33], [34], all of which will
make them well-prepared for the future challenges.

In this research, the authors studied the processes of cooperative learning that
are believed to enhance learning efficiency, arouse motivation, improve attitudes
towards learning, and help students achieve their goals while having more fun
in learning. This is all to synthesize the elements and guidelines for the devel-
opment of C-PBL mobile and virtual learning, which is composed of five steps
[16], i.e., 1) join the group, in which students are divided into small groups, and
teachers explain the teaching methods, students’ roles, and information sources
for use in learning; 2) propose lesson issues, in which students are allowed to do
instruction activities and taught about the contents defined in learning plans;
3) study in teams, in which teachers assign tasks to students based on the con-
tents of learning plans and define the scopes of work and the roles and responsi-
bilities of each person in the group; 4) test, in which students are allowed to test
their knowledge derived from learning activities during each learning process;
and 5) evaluate group success, in which teachers and students jointly summa-
rize and evaluate the bodies of knowledge to see whether the learning goals are
achieved or not.
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2.3 Relationships between the mobile learning theories and the development
of the C-PBL mobile and virtual learning

At present, mobile technologies are considered an effective way to develop
students’ skills, e.g., positive thinking, collaboration, communication, etc. Besides,
mobile technologies are also deemed as important innovations that have contrib-
uted to the development of several e-learning research areas. Due to the require-
ments of the 21st century, it is necessary to develop certain skills in order to
correspond to the increasing demands in higher education, and this has led to
a shift from traditional teaching methods to mobile learning [28]. Furthermore,
mobile technologies have also become an important part of modern life, espe-
cially for adolescents, as these technologies have revolutionized the ways they
communicate, learn, and interact with the world [35]. Smartphones, tablets, and
other mobile devices provide unprecedented access to information sources and
social connectivity because the real-time interactivity and engagement features
in these devices enable users to create customized social experiences and have
more engagement [36]. In the meantime, these technologies also serve as valu-
able tools for building social networks, accessing support systems, and develop-
ing digital literacy skills, all of which are quite essential for living in the modern
world [29].

This research is intended to study the learning approaches and the significance
of interactive mobile learning technology and then synthesize them to find out ele-
ments and guidelines that can be used to further design the instruction processes
and the facilitation of instruction activities through virtual smart classrooms. The
objectives thereof are to increase engagement and access to real-time usage with
real situations and provide learning experiences via smartphones and desktop
platforms developed for use in this study:.

2.4 Relationships between the Al-powered theories and the development
of the C-PBL mobile and virtual learning

The COVID-19 pandemic has geared up the application of Al technologies in
learning. Thanks to Al-powered platforms, educators are now able to deliver
content in virtual environments more efficiently, and at the same time, they can
track students’ engagement and performance [30], which can help them improve
resilience and adaptability in the event of unexpected challenges. The transition
mentioned above places an emphasis on the integration of Al into educational
frameworks [37]. The use of Al in higher education is becoming more and more
prevalent, and a number of institutions have been using these tools to enhance the
services of academic guidance, including support for their students, and to improve
learning experiences and learning outcomes. For example, students can ask for help
at any time from an Al chatbot that can not only answer questions about academic
resources but also provide useful suggestions for their further study [38]. Al
technologies are believed to increase their accessibility with more engaging learn-
ing environments, which is particularly beneficial as these can promote adaptive
learning and inclusive educational environments [39]. Additionally, Al-driven col-
laboration can increase learners’ engagement as it promotes collaboration through
real-time interactions, allowing learners to work hand in hand more smoothly with
more interaction.
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This study is aimed at studying the characteristics of Al-powered mobile learning
and Al-driven learning environments and then synthesizing them to find out the
guidelines for instruction management and facilitation of instruction activities that
can promote real-time interactions in virtual environments.

2.5 Relationships between the virtual smart classroom theories
and the development of the C-PBL mobile and virtual learning

The virtual smart classroom relies on the application of technologies related to
artificial intelligence and virtual reality with an intention to follow up on the prog-
ress of students in real time, especially when letting them do learning activities. For
instance, it will be more convenient to analyze the results of knowledge tests of both
individual students and their groups if they are allowed to do the tests in the form of
online games. Furthermore, the virtual smart classroom also makes use of artificial
intelligence in order to enable teachers and students to interact with one another.
The education management by means of the virtual smart classroom [9], [11]
requires the following six specifications: 1) flexible cloud-based learning environ-
ments, 2) comprehensive technology tools for work and communication, 3) learning
systems with enhanced interaction and engagement, 4) automated education
management systems, 5) teaching methods focusing on the creation of innovations,
and 6) support for learners of all levels in terms of learning. Nevertheless, there
are still some limitations in the instruction management through the virtual smart
classroom. For example, the problems related to access to technologies may arise
due to insufficient internet connection; the systems may crash, causing immediate
suspension of learning activities; or students may get stressed from the use of such
technologies because they are not familiar with the virtual smart classroom envi-
ronments [40], [41].

In this study, the authors studied the essential specifications of the virtual smart
classroom, which can provide opportunities for students to learn and receive learn-
ing experiences via virtual reality and artificial intelligence technologies, and then
synthesized and applied them as guidelines to design the instruction processes and
facilitate the learning activities in the virtual smart classroom with an attempt to
promote students’ analytical thinking and curiosity through the C-PBL mobile and
virtual learning developed in this study.

2.6 Relationships between the theories of analytical thinking
and the development of the C-PBL mobile and virtual learning

Analytical thinking is the process of thinking and considering the things around
us. Thereby, the elements of the said things are classified and distinguished logi-
cally in order to find their importance, relationships, and connections, and then
apply them in the new situations or make predictions so as to find out the facts
of specific accounts [20]. Analytical thinking can be divided into three categories,
Le, analysis of elements, analysis of relationships, and analysis of organizational
principles. Analytical thinking can be measured and evaluated on the basis of the
learning behaviors of students. This can be done by considering the importance of
information or content about different things, leading to the analysis of relation-
ships resulting from the selection of importance, followed by the analysis of orga-
nizational principles in order to discover the connection of information [19], [42].
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In this study, the authors studied the relationships of elements in analytical thinking
that are related to the aforementioned relevant theories and then used them as the
output of the C-PBL mobile and virtual learning.

2.7 Relationships between the theories of curiosity and the development
of the C-PBL mobile and virtual learning

Curiosity is regarded as a strong desire to have knowledge, study lots of infor-
mation, or seek new challenges and experiences with an intention to extend one’s
knowledge, which can be done by learning from others and from the outside world.
The indicators of curiosity in learning can be categorized into four aspects, i.e.,
1) engagement and interest, 2) behaviors related to research, 3) degree of efforts to
search, and 4) emotional responses. Once applied in the instruction management,
curiosity can help promote better learning and develop thinking skills in such a way
that students can improve their problem-solving abilities, increase their engage-
ment in the classroom [22], [43], and have pleasant interactions with others during
the activities. In this research, the authors studied the output of curiosity indicators
after learning with the C-PBL learning via virtual smart classroom in order to see
how much it matched with the evaluation criteria in the four aspects of curiosity
indicators, which had been synthesized by the researchers. Then the said output
was used as feedback information in order to improve the efficiency of the C-PBL
mobile and virtual learning in the future.

3  RESEARCH OBJECTIVES AND HYPOTHESES

This research is mainly related to the study of perspectives towards the devel-
opment of C-PBL mobile and virtual learning. Whereby, the research participants
were willing to do the questionnaire in the evaluation form, and they were all
protected with the policies of confidentiality and anonymity. This is to exam-
ine to what extent the C-PBL virtual learning can fulfill the users’ needs and
whether it is suitable for being put to practical use. The objectives of this study
are as follows:

OB1: To synthesize the C-PBL mobile and virtual learning process.

OB2: To design the C-PBL mobile and virtual learning model.

OB3: To develop the C-PBL mobile and virtual learning system.

OB4: To evaluate the results after using the C-PBL mobile and virtual learning
system.

In this study, the authors employed the pre-experimental research method with a
single pre- and post-test group [44], and the research hypotheses are as below:

: The suitability of the C-PBL. mobile and virtual learning model is at a high level.

: The quality of the C-PBL mobile and virtual learning system is at a high level.

: Thelearning achievement of the students after learning with the C-PBL mobile
and virtual learning system is higher with a statistical significance level
of 0.01.

: The outcomes of satisfaction of the students after learning with the C-PBL

mobile and virtual learning system are at a high level.
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4  RESEARCH METHODOLOGY

The development concepts of C-PBL mobile and virtual learning are based on
the systems approach [45], which consists of four main elements, i.e., input factor,
learning process, output, and feedback. These four main elements have been applied
in the design and development of this instruction system.

4.1 Participants

The participants in this research include: 1) nine experts specialized in the
instruction system design from different vocational institutions and higher educa-
tion institutions, all of whom were derived by means of purposive sampling, and
2) 30 vocational certificate students (dual vocational education) at Nakornluang
Polytechnic College, who are studying in Year 1 and Year 2 in Semester 2 of Academic
Year 2024. Derived by means of cluster sampling. The participants gave their
consent to take part in this study, and they were well protected under the policies of
confidentiality and anonymity.

This study observes the strict ethical guidelines in accordance with international
standard research principles, including the principles of the Declaration of Helsinki,
The Belmont Report, CIOMS Guidelines, and the International Conference on
Harmonization in Good Clinical Practice (ICH-GCP). In addition, this study is exempt
from review by the University Ethics Committee because it involves minimal risk to
participants. The study just tested common behaviors in a short period of time, and
the data collected herein could not be used to identify any volunteers. The details
in the interview and assessment forms are presented in the Thai language with the
details about (1) the purposes and procedures of the study, (2) the benefits and risks
that may occur, (3) confidentiality measures, (4) voluntary participation, and (5) the
rights of withdrawal from study participation at any time without consequences.
The researchers also strictly follow the policies of confidentiality and protection of
the participants’ information.

4.2 Research instruments and data collection

The data instruments used in this research include (1) the C-PBL mobile and
virtual learning model, (2) the C-PBL mobile and virtual learning system, (3) the
evaluation form on the suitability of the C-PBL mobile and virtual learning model,
(4) the evaluation form on the quality of the C-PBL mobile and virtual learning
system, (5) the measurement form on the learning achievement before and after
learning with this classroom, containing 20 questions (multiple-choice), and (6) the
evaluation form on the satisfaction of the C-PBL mobile and virtual learning sys-
tem. The statistics used in data analysis are mean, standard deviation, and t-test
dependent.

The authors employed the evaluation form, which had been proved for validity
and for index of item objective congruence (IOC) by experts, to collect data from the
research participants. All the participants gave their consent to join this study after
learning about the detailed information of this research, and they were assured that
the information they had given would not be disclosed and could not be used to
identify their identities. This is to find out to what extent the C-PBL mobile and
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virtual learning can satisfy the users’ needs and whether it is suitable for being put
in practical use.

4.3 Method

The design of the C-PBL mobile and virtual learning is based mainly on the con-
cepts of the systems approach, which are widely applied in the design and develop-
ment of instruction systems [46]. The authors divided the research methodology into
four stages as below:

Stage 1: Synthesize the C-PBL mobile and virtual learning process. In this
stage, the authors studied the relevant documents and research in order to obtain
the main elements needed in the design of the C-PBL mobile and virtual learning
process to enhance analytical thinking and curiosity.

Stage 2: Design the C-PBL mobile and virtual learning model. The authors
used the results gained from the synthesis in stage 1 to design the C-PBL mobile
and virtual learning model with an intention to enhance analytical thinking and
curiosity. The design herein is based primarily on the principles of instruction
system design (ADDIE model) [37], and the learning model developed in this study
would be assessed in terms of its suitability by the experts.

Stage 3: Develop the C-PBL mobile and virtual learning system. In this part,
the authors had developed the said learning system on the basis of the principles of
the ADDIE model and then requested the nine experts to evaluate its quality.

Stage 4: Study the results after using the C-PBL mobile and virtual learn-
ing system. This stage is related to the study of results derived from the assessment
of the quality of the C-PBL mobile and virtual learning system, which was conducted
by the experts. In addition, the C-PBL mobile and virtual learning system will be
tested for practical use with a sample group of vocational certificate students (dual
vocational education) at Nakornluang Polytechnic College, who are studying in
Year 1 and Year 2 in Semester 2 of Academic Year 2024. Whereby, the criteria for
evaluation and the interpretation of results [47] are as below:

e 4.50-5.00 points means the suitability is at a very high level
e 3.50-4.49 points means the suitability is at a high level
e 2.50-3.49 points means the suitability is at a moderate level
e 1.50-2.49 points means the suitability is at a low level
e 0.00-1.49 points means the suitability is at a very low level

5  RESULTS AND DISCUSSION

The results of the design and development of the C-PBL mobile and virtual
learning to enhance analytical thinking and curiosity can be summarized as below:

5.1 Results of the synthesis of the C-PBL mobile and virtual learning system

The authors studied the related documents and the research so as to obtain
the elements needed in the design of the C-PBL mobile and virtual learning model
to enhance analytical thinking and curiosity. The working process in this case is
illustrated as below.
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Table 1. Synthesis of problem-based learning process

PBL Process [71 [81 [12] 1[48] [49] [50] This Work
Define problems v v v v v v
Analyze problems v v v
Understand problems v v v v
Study self-directed contents v v v v v
Create learning points v v
Learning management v
Synthesize knowledge v v v v
Summarize results v v v v
Design a solution v
Develop and present inventions 4 4
Present and evaluate results v v v v v v
Analyze and evaluate problem-solving process v
Provide individual or group investigative advice v 4

Table 1 illustrates the synthesis of the PBL process. After doing synthesis on the
relevant documents and researches [7], [8], [12], [48]-[50], the authors acquired
the guidelines to establish the PBL process in this study, which includes six steps,
ie., define problems, understand problems, study self-directed contents, synthesize
knowledge, summarize results, and present and evaluate results.

Table 2. Synthesis of cooperative learning process

Cooperative Learning Process [16] [34] [51] [52] This Work

Organize the learning environment v v

Define the goals v

Join the group v v v v

Preparation

Set the small groups v

Propose lesson issues v v v

Group by ability v

Study in teams v 4 v

Doing activities v

Test v 7

Check and test

Evaluate group success v v v

Summarize and evaluate the group work 4

Summarize the main points

Create a problem-solving sequence

Check the validate
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Table 2 represents the synthesis of the cooperative learning process. The authors
had synthesized the related documents and researches [16], [34], [51], [52] and
received the guidelines for the learning process of this kind, which can be divided
into five steps, i.e., join the group, propose lesson issues, study in teams, test, and eval-
uate group success.

Table 3. Synthesis of analytical thinking

Elements [20] [42] [53] [54] This Work
Analysis of elements v v v v
Analysis of relationships v v v v
Analysis of organizational principles v v v v
Define goals/problems v
Define the assumptions v
Summary of information 4
Evaluation v

Table 3 shows the synthesis of the elements in analytical thinking. After the
synthesis of the documents and researches concerning this issue [20], [42], [53],
[54], the authors found out the three elements in analytical thinking, including
analysis of elements, analysis of relationships, and analysis of organizational
principles.

Table 4. Synthesis of indicators of curiosity in learning

Indicators [21] [22] [24] [43] [55] This Work
Engagement and interest v v v v
Intrinsic motivation v v v
Behaviors related to research v v v v
Asking questions v v
Degree of efforts to search v v
Emotional responses v v v
Inquire for information/problem 4
Explore the details v v v
Eagerness to learn v v
Search data v
Knowledge linkage

Table 4 explains the synthesis of indicators of curiosity in learning. The authors
had studied the relevant documents and researches [21], [22], [24], [43], [S5] and
gained the guidelines for use in this study. The indicators of curiosity in learn-
ing obtained from the synthesis above can be categorized into four aspects, i.e.,
1) engagement and interest, 2) behaviors related to research, 3) degree of efforts to
search, and 4) emotional responses.
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5.2 Results of the design of the C-PBL mobile and virtual learning model

The C-PBL mobile and virtual learning model is a research tool designated for
problem-based instruction management combined with cooperative learning. This
instruction format focuses on the integration of education technologies with learning
management so as to promote students’ analytical thinking and curiosity by means
of cooperative learning, which can help them achieve the group outcomes. Besides,
this style of learning is said to enable students to think analytically and examine

problems in a systematic manner. The C-PBL mobile and virtual learning model is
illustrated in Figure 1.

Thinkini
Evaluate 9
Define
oblems
Curiosity ——

(\0\0
uoyer00ened °

o\
e
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Fig. 1. The C-PBL mobile and virtual learning model

Figure 1 illustrates the C-PBL mobile and virtual learning model, which is com-

posed of the following elements:

1. Input factor: This element refers to the factors needed for the design and devel-

opment of the C-PBL mobile and virtual learning model, including learning
objectives, students, teachers, learning activities, and media and equipment.

2. C-PBL mobile and virtual learning process: This element is the learning

process that was initiated by integrating the concepts of PBL with those of the
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cooperative learning. In addition, the authors also employed cloud technology
and the virtual smart classroom to enhance the efficiency of this cooperative PBL
process with an expectation that it can help students develop analytical thinking
and increase curiosity in learning, both of which are regarded as the main learn-
ing characteristics necessary for education 4.0. The cooperative PBL process via
virtual smart classroom also consists of the three main components as below:

i) The cooperative PBL process, which consists of seven steps, i.e., join the
group, propose lesson issues, define problems, study in teams, synthesize
knowledge, test, and evaluate success.

ii) Virtual smart classroom, which is a tool used to promote learning and doing
activities. The virtual smart classroom is fabricated based on the concepts of
artificial intelligence technology combined with virtual reality technology.
The authors employed the virtual smart classroom in step 4 to step 7 in order
to monitor the students’ progress in real time. This technology is also used to
assist in doing the tests in the format of online games, which can help analyze
the results of knowledge tests of both students and their groups. The virtual
smart classroom consists of two elements, including (1) artificial intelligence
technology and (2) the metaverse.

iii) Cloud technology, which is used to assist in doing the activities in the coopera-
tive PBL process. This technology is applied particularly in step 1 to step 3 in order
to assure that the management of instruction activities can proceed as planned.

. Output, which is the results after learning with the cooperative problem-based

virtual learning process. The output herein includes (a) learning achievement, (b)
analytical thinking, which is divided into three categories, i.e., 1) analysis of ele-
ments, ii) analysis of relationships, and iii) analysis of organizational principles, and
(c) curiosity, which refers to the strong desire to learn and study new information
or seek new challenges and experiences from others and from the outside world
in order to broaden the scope of knowledge. The indicators of curiosity in learning
can be categorized into four aspects, i.e., 1) engagement and interest, 2) behaviors
related to research, 3) degree of efforts to search, and 4) emotional responses.

. Feedback, which refers to the use of the results obtained from evaluation on the

output (learning achievement, analytical thinking, and curiosity) to improve the
cooperative problem-based learning process.

The results of the evaluation on the suitability of the C-PBL mobile and virtual

learning model to enhance analytical thinking and curiosity can be summarized as
seen in Table 5.

Table 5. The suitability of the C-PBL mobile and virtual learning model (overall)

Items for Evaluation Mean SD Interpretation

1. Suitability of principles and concepts used to design the C-PBL | 4.89 0.33 Very high

mobile and virtual learning model

2. Suitability of the elements in this model

2.1 Input factor 4.89 0.33 Very high
2.2 Cooperative problem-based virtual learning process 4.67 0.50 Very high
2.3 Output 4.89 0.33 Very high
2.4 Feedback 4.89 0.33 Very high
3. Suitability of the sequencing of coherent relationships 4.89 0.33 Very high

of the elements

(Continued)
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Table 5. The suitability of the C-PBL mobile and virtual learning model (overall) (Continued)

Items for Evaluation Mean SD Interpretation
4. Suitability and understandability of the order of the elements 4.89 0.33 Very high
5. Completeness and comprehensiveness of the overall elements 5.00 0.00 Very high
Average scores 4.88 0.31 Very high

Referring to the results in Table 5, it is evident that the overall suitability of the
C-PBL mobile and virtual learning model (overall elements) is at a very high level
(mean = 4.88, SD = 0.31). It can be concluded that the C-PBL mobile and virtual
learning model contains all necessary elements, and it can be applied to further
develop other C-PBL mobile and virtual learning systems that can be put to practical
use in the future.

Table 6. The suitability of the C-PBL mobile and virtual learning model

Items for Evaluation Mean SD Interpretation
Input factor
1. Learning objectives 4.89 0.33 Very high
2. Students 4.56 1.01 Very high
3. Teachers 4.89 0.33 Very high
4. Learning activities 4.89 0.33 Very high
5. Media and equipment 4.89 0.33 Very high
C-PBL mobile and virtual learning process
Cooperative problem- | 1. Join the group 478 0.44 Very high
based learning process 2. Propose lesson issues 489 0.33 Very high
3. Define problems 4.67 0.50 Very high
4. Study in teams 4.89 0.33 Very high
5. Synthesize knowledge 478 0.44 Very high
6. Test 5.00 0.00 Very high
7. Evaluate success 4.89 0.33 Very high
Virtual smart classroom | 1. Artificial intelligence technology 5.00 0.00 Very high
2. Metaverse 4778 0.44 Very high
Cloud technology 5.00 0.00 Very high
Output
1. Learning achievement 4.89 0.33 Very high
2. Analytical thinking 4.67 0.50 Very high
3. Curiosity 478 0.44 Very high
Feedback
1. Evaluation on the learning achievement 5.00 0.00 Very high
2. Evaluation on the analytical thinking 4.67 0.50 Very high
3. Evaluation on the curiosity 5.00 0.00 Very high
Average scores 4.85 0.33 Very high
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Referring to Table 6, it is found that the overall suitability of the C-PBL mobile
and virtual learning model (individual elements) is at a very high level (mean = 4.85,
SD = 0.33). This insists that the C-PBL mobile and virtual learning model is com-
posed of all essential elements, and it can be employed as a guideline to design other
learning tools that can be applied in practical use to enhance analytical thinking
and curiosity in learning. Both analytical thinking and curiosity are regarded as the
essential characteristics for learners in the digital age because these characteristics
enable learners to perform self-learning through varied technologies quite well. The
results are also in line with the research of Suvandy et al. [56], who applied the
systems approach as a guideline to design and develop the MICRO-META model,
which is a research tool designated for learner-centered instruction management,
in which small units of learning activities are carried out by means of micro-steps
under digital learning environments.

5.3 Results of the development of the C-PBL mobile and virtual
learning system

The C-PBL mobile and virtuallearning system is an online learning tool developed
with the combination of virtual technology and artificial intelligence technology.
The virtual smart classroom in this study can promote group learning through the
virtual world, in which the students can also create their own avatars and perform
active learning therein. In addition, within this virtual smart classroom, the students
are able to present their works or express their opinions to the classmates any-
where and anytime via virtual technologies that are compatible with the displays
on smart devices and smartphones. It is believed that the instruction management
in this modernized style can also add more fun to the class. Additionally, the virtual
smart classroom enables the students to track their own progress in every activity
or review the contents assigned by the teachers. In the case of group work where
the students in small groups have to work together, the virtual smart classroom can
facilitate them when doing analysis on their assignments, while the teachers can
monitor the operation, the submission of assignments, or even the group activities
of the students in an instant manner.

The C-PBL mobile and virtual learning system is an online learning tool that
can be put to practical use as it is compatible with a variety of interactive screens
of smartphones, tablets, and desktop platforms. With the aid of mobile technology,
learners are able to participate in learning, study content and conduct interactive
activities in virtual environments, which are fabricated with the Spatial.io platform
coupled with the ClickUp application, the tools used to produce and organize the
works with high quality and attractiveness. The researchers have developed this
platform with the structure and components that are consistent with the learning
contents and users’ needs. The platform also has the real-time feedback system
that focuses on learners’ engagement with an attempt to provide them with new
experiences that can lead to self-learning. Not only that, this real-time feedback sys-
tem enables both instructors and learners to interact with each other in an instant
manner. The C-PBL mobile and virtual learning system is illustrated in Figure 2.
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Fig. 2. The C-PBL mobile and virtual learning system
Table 7. The quality of the C-PBL mobile and virtual learning system
Items for Evaluation Mean SD Interpretation

Function requirement

1. Ability to run the system 4.56 0.53 Very high

2. Ability to add information 422 0.67 High

3. Ability to update information 4.56 0.53 Very high

4. Ability to present information 4.89 0.33 Very high

Overall function requirement 4.56 0.51 Very high

Functions

1. Accuracy of system functionality 489 0.33 Very high

2. Accuracy in classification of information 444 0.73 Very high
(Continued)
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Table 7. The quality of the C-PBL mobile and virtual learning system (Continued)

Items for Evaluation Mean SD Interpretation

3. Accuracy in addition of information 4778 0.44 Very high
4. Accuracy in update of information 4778 0.44 Very high
5. Accuracy in presentation of information 4.67 0.50 Very high
Overall functions 471 0.49 Very high
Usability

1. Ease of running the system 4.67 0.50 Very high
2. Suitability of design in virtual smart classroom 4.56 0.53 Very high
3. Clarity of presentation of the contents 4.56 0.53 Very high
4. Convenience of access to the system 4.56 0.53 Very high
5. Attractiveness of the system 4778 0.44 Very high
Overall usability 4.62 0.50 Very high
Performance

1. Speed of data display after connection 456 0.53 Very high
2. Speed of saving and updating information 467 0.50 Very high
3. Speed of presentation of information 4.56 0.53 Very high
4. Speed of overall system operation 4.67 0.50 Very high
Overall performance 461 0.51 Very high
Overall, 4 aspects 4.63 0.50 Very high

Table 7 shows the results of the evaluation of the quality of the C-PBL mobile and
virtual learning system; thereby the said evaluation was conducted by the seven
experts specialized in the field of instruction system design from various vocational
institutions and higher education institutions. It is found that the overall quality
(four aspects) of the C-PBL mobile and virtual learning system is at a very high level
(mean = 4.63, SD = 0.50). Once considering the values of standard deviation, there
is only a small dispersion of values. The values in the mean are nearly similar to
each other, which means the research results have only little deviation. This insists
that the students have quite the same opinions towards the quality and abilities of
the C-PBL virtual learning system after putting it in practical use. Furthermore, it is
expected that the application of this learning system will help promote the students’
analytical thinking and curiosity in learning as well.

In reference to the discussion with the participants in the research by means of
in-depth interviews, the authors found that the C-PBL mobile and virtual learning
system is capable of presenting the information via the virtual classroom, in which
the students can join activities, talk, and assign tasks to the group members before
doing them. Besides, this learning system assists the students in reviewing their
knowledge before taking the tests, which can increase their interest in following the
contents in a continuous manner. In addition, the students are found to be satisfied
with the ability to interact with the system in real time via smartphone devices,
which allows them to access the system anywhere and anytime because the learn-
ing system herein can be run on a variety of operating systems. All of the aforemen-
tioned are in accordance with the research of Ageel Alzoubi [57], who mentioned
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that not only does the introduction of multimedia and virtual environments mini-
mize the misunderstandings and discrepancies when providing mathematical infor-
mation, but it can also significantly promote students’ learning efficiency.

5.4 The outcomes of the C-PBL mobile and virtual learning system

The main target of this research is to study the participants’ learning outcomes
derived from the C-PBL mobile and virtual learning system. Thereby, the participants
in this research, derived by means of cluster sampling, are 30 vocational certificate
students (dual vocational education) at Nakornluang Polytechnic College, who are
studying in Year 1 and Year 2 in Semester 2 of Academic Year 2024. These participants
were asked to use the C-PBL virtual learning system in order to find out whether the
C-PBL virtual learning system has enough quality and efficiency to promote voca-
tional students’ learning achievement. The study results can be summarized as below:

A. Comparison of learning achievement before and after learning from the
C-PBL mobile and virtual learning system

Table 8. Comparison of learning achievement hefore and after learning (N = 30)

Test Full Score Mean SD t-Value
Pre-test 20 7.67 2.93 26.70**
Post-test 20 17.43 1.50

Note: ** Significant at the level of 0.01 (oc= 0.01, df = 29).

According to the results of the comparison of learning achievement before and
after learning in Table 8, it is obvious that the learning achievement score of the stu-
dents who learned with the C-PBL mobile and virtual learning system is higher. Once
considering the mean of the said score, it is found that the mean score after learning
(mean = 17.43, SD = 1.50) is higher than before learning (mean = 7.67, SD = 2.93).
This shows that learning with the C-PBL mobile and virtual learning system helps
enhance the students’ learning achievement with a statistical significance level of
0.01. Therefore, it can be concluded that the virtual smart classroom using coop-
erative PBL can promote students to achieve higher learning achievement, which
corresponds to hypothesis 3 (H,).
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Fig. 3. The learning achievement before and after learning of each learner
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In Figure 3, the outcomes of learning achievement before and after learning
obviously reflect the effectiveness of learning of each learner. Once considering the
full score of 30, it is found that the individual learners’ learning achievement score
after learning is significantly higher than before learning. This implies that learn-
ing with the C-PBL mobile and virtual learning system can improve the learning
achievement of these learners.

The findings of this study underscore the importance of evidence-based develop-
ment of approaches by making use of the potential of mobile technologies and the
real-world environments in order to provide more engaging and effective learning
experiences that can increase learner engagement and improve their learning out-
comes through Al-powered mechanisms, which can provide learners with real-time
assistance and mobile-supported adaptive learning. The study is in line with the
research of Alasmari [30], who stated that the application of Al in mobile learning
can create interactive learning environments that comply with individual learners’
learning needs, and this obviously highlights the positive influence of Al technol-
ogy. Nonetheless, there are still some challenges in terms of AI’s potential for mobile
learning, including the issues concerning the digital divide, insufficient infrastruc-
ture constraints, and resistance from certain instructors. Furthermore, the issues
related to data privacy and cultural relevance of Al-powered learning systems need
to be cautiously addressed.

B. The satisfaction of the students after learning with the C-PBL mobile

and virtual learning system

The evaluation of the satisfaction was carried out with the evaluation form con-
taining 16 questions with a 5-level rating scale for each question. Whereby, the said
form had already been proved for validity and for index of item objective congru-
ence (I0C) by experts. The items for evaluation are classified into four aspects, i.e.,
design, contents, virtual smart classroom, and design of learning activities, in accor-
dance with the components of the C-PBL mobile and virtual learning system.

Table 9. The satisfaction after learning with the C-PBL mobile and virtual learning system

Items for Evaluation Mean SD Interpretation

Design

1. Suitability of the design of learning media components. 4.63 0.49 Very high

2. Suitability of the design of interactive learning media. 463 0.56 Very high

3. Convenience when using the learning support tools. 477 0.43 Very high

4. Suitability of colors and font sizes. 4.67 0.55 Very high

5. Continuity when using the system. 477 0.43 Very high
Overall satisfaction towards design 4.69 0.52 Very high
Contents

6. The contents are easy to understand. 470 0.53 Very high

7. The elements of the contents are complete and comprehensive. 4.80 0.41 Very high

8. The contents are accurate and up to date. 4383 0.38 Very high

9. The contents are interesting. 4.80 0.41 Very high
Overall satisfaction towards contents 4778 0.43 Very high

(Continued)
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Table 9. The satisfaction after learning with the C-PBL mobile and virtual learning system (Continued)
Items for Evaluation Mean SD Interpretation

Virtual smart classroom

10. Suitability of the design of virtual smart classroom. 477 0.43 Very high
11. Convenience of access to virtual smart classroom. 4.80 0.41 Very high
12. The attractiveness that can promote the attendance 4.80 0.41 Very high

in virtual smart classroom.

Overall satisfaction towards virtual smart classroom 479 0.42 Very high

Design of learning activities

13. Suitability of the design of learning activities to promote 473 0.45 Very high
learners’ analytical thinking.
14. Suitability of the design of learning activities to promote 4.60 0.50 Very high
learners’ curiosity.
15. Opportunities from learning activities to demonstrate learners’ | 4.80 0.41 Very high
knowledge.
16. Availability of the real-time feedback system in learning 4.80 0.41 Very high
activities that can improve learners appropriately.
Overall satisfaction towards design of learning activities 473 0.44 Very high
Overall satisfaction towards 4 aspects 474 0.45 Very high
6
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Design Contents Virtual smart classroom  Design of learning activities
mMean =SD
Design Contents Virtual smart classroom | Design of learning activities
B Mean 4.69 4.78 4.79 4.73
M SD 0.52 0.43 0.42 0.44

Fig. 4. Results of satisfaction with the C-PBL mobile and virtual learning system

In reference to the results of the evaluation on the satisfaction after learning with the
C-PBL mobile and virtual learning system in Table 9 and Figure 4, it can be clearly seen
that the overall mean of all 16 items for evaluation is at a very high level (mean = 4.74,
SD = 0.45). Once considering the four aspects separately, it is found that the mean of
design (mean = 4.69, SD = 0.52), contents (mean = 4.78, SD = 0.43), virtual smart class-
room (mean =4.79, SD = 0.42), and design of learning activities (mean =4.73, SD = 0.44)
is at a very high level as well. This is corresponding to the research hypothesis 4 (H,).
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According to the discussion with focus groups of 3-5 learners, it is found that the
C-PBL mobile and virtual learning system can encourage learners to conduct hands-on
self-learning by means of interactive mobile learning. In addition, there is the real-time
feedback system that allows learners to receive information quickly and meanwhile fol-
low the contents continuously, which can lead to more effective learning. This is in line
with the research of Sisamud et al. [58], who stated that the application of virtual envi-
ronments and digital tools to support self-learning enables Chinese Mahayana novices to
quickly perceive new bodies of knowledge and adapt their learning quite conveniently
to their needs, leading to the effective development of knowledge and innovator skills
(questioning, observation, interaction, testing, and cognitive linkage). Accordingly, in
such a digital age like today, these novices are able to disseminate Buddhism to the pub-
lic with the aid of technologies and platforms in the virtual world, creating immersive
learning like in the real world, or the new normal world at present. Furthermore, this
is also consistent with the research of Annuar et al. [59], who studied the results of the
research on “Enhancing Early Childhood Cognitive Development via Mobile Game-Based
Learning Applications: Insights and Practical Experiences.” It is found that the creation
of more engaging and interactive learning environments in game-based learning can
motivate young learners to learn and promote their exploration skills, problem-solving
skills, and creativity through hands-on learning and self-directed learning.

6  RESEARCH CONCLUSION AND LIMITATIONS

This study focuses mainly on the examination of perspectives towards the devel-
opment of C-PBL mobile and virtual learning with an aim to find out to what extent
it can fulfill the users’ needs and whether it is suitable for being put in practical
use. This study can also encourage the students to do self-learning and enhance
their analytical thinking and curiosity in learning, which can further promote life-
long learning as well. Thanks to the application of virtual technologies integrated
with artificial intelligence technology, it is possible to fabricate “the virtual smart
classroom” that can promote group learning in the instruction management through
virtual environments and avatars. It is said that this style of learning can respond
well to the learning situations in today’s world.

6.1 Research conclusion

The C-PBL mobile and virtual learning system is an online learning tool that
enables students to follow up on their own progress in every single activity or
review the contents assigned by their teachers. This learning tool also facilitates the
students’ analytical thinking processes, and at the meantime, the teachers are able to
monitor the students’ work, submission of assignments, and group activities in real
time. With this learning system, the students are allowed to conduct active learning,
present their works, and express their opinions to other classmates via virtual tech-
nologies that are compatible with the displays on smart devices and smartphones
anywhere and anytime. Above all, the C-PBL mobile and virtual learning system
can add more fun to the instruction management by making use of digital innova-
tions and technologies under the New Normal virtual environments.

It can be clearly seen that this study can stimulate the students to think analyt-
ically and systematically, consider different elements in a logical manner in order
to find out the relationships and connections of things, and eventually manage to
effectively apply the acquired knowledge in new situations. Once coupled with the
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cooperative PBL process, the learning system in this study can also promote students’
curiosity in learning and seeking new experiences, which can help further extend
their scope of knowledge and escalate their competencies. Moreover, this can also
promote lifelong learning and improve the quality of social services, especially those
related to education. Most importantly, it is believed that the exchange of knowl-
edge and interaction through virtual technologies allow Thai people to access varied
sources of information with no limitations, and at the same time, this can enhance
their knowledge and skills and also add more fun to both teaching and learning.

6.2 Research limitations and future work

This study is intended to present the guidelines to develop the C-PBL mobile and
virtual learning system via mobile learning technology and virtual environments that
can satisfy the needs of interactive learning and enhance learners’ engagement and
flexibility through Al-powered mechanisms. However, there are still some noticeable
limitations in this study. First of all, this research is just a specific group study, and
the usability of the system is quite limited. Thus, in order to confirm the suitability
and clarity of study results, future research should be conducted with more diverse
participants, and the survey should be done with a larger population. The findings in
this study, therefore, are considered just the findings from a pilot study and can be
used only as a guideline for future development. Moving on to the other limitation,
the contexts of technologies employed in this study are limited to education only.
Thus, future studies may place an emphasis on the more various technologies along
with the skills that have effects on the use of both educational technologies and other
relevant technologies. The other limitation is that the research methodology was an
experiment with a single pre-test/post-test group. This method limits the usability of
the system, and it is not sufficient to identify the causal relationship. Therefore, in
order to confirm the results and the appropriateness of the research more clearly, a
comparative study between the C-PBL mobile and virtual learning and the traditional
PBL should be conducted with more solid research methods, such as a control group
or a quasi-experimental design. In addition, future research can emphasize the study
of the scalability of virtual smart classrooms for large-scale educational adoption,
comparative studies with traditional PBL, and longitudinal effects on student retention.

In conclusion, this study still has a significant role to promote and support
analytical thinking and curiosity in learning. This is because students are able to
learn and practice in an immersive virtual environment freely, which encourages
them to carry out active learning through media and information technology.
Consequently, it is obvious that the C-PBL mobile and virtual learning system can
support students to gain self-learning experiences, resulting in the learning society
that promotes learning skills highly needed in the digital age.

7  REFERENCES

[1] P. Chatwattana, Virtual Reality Technology. Bangkok: KMUTNB Textbook Publishing
Center, 2020.

[2] Ministry of Education, “Summary of the Ministry of Education’s Action Plan 5-year Period
B.E. 2566-2570,” 2023. [Online]. Available: https://www.moe.go.th/360government-
action-plan-moe [Accessed: Nov. 19, 2024].

[3] Office of the Vocational Education Commission, “Vocational Education Development
Policy,” 2023. [Online]. Available: https://www.wvec.go.th/Portals/0/%202567.pdf
[Accessed: Nov. 19, 2024].

iJIM | Vol. 19 No. 10 (2025) International Journal of Interactive Mobile Technologies (iJIM) 27


https://online-journals.org/index.php/i-jim
https://www.moe.go.th/360government-action-plan-moe
https://www.moe.go.th/360government-action-plan-moe
https://www.vec.go.th/Portals/0/ 2567.pdf

Rattanakha et al.

(4]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

P. Chatwattana, C. Onoun, and J. Wongkhamchan, “The online learning platform using
animation media for storytelling to enhance students’ new normal learning outcome,”
International Journal of Interactive Mobile Technologies (iJIM), vol. 18, no. 20, pp. 115-128,
2024. https://doi.org/10.3991/ijim.v18i20.50199

L.Zeng, Z. Tan, Y. Ke, and L. Xia, “Danmaku-based automatic analysis of real-time online
learning engagement,” International Journal of Interactive Mobile Technologies (iJIM),
vol. 18, no. 8, pp. 127-139, 2024. https://doi.org/10.3991/ijim.v18i08.48025

T. Mandee, S. Panjaikaew, and K. Wongchetta, “Problem-based learning management
to enhance the creative thinking skills,” Journal of MBU LNC, vol. 28, no. 2, pp. 173-182,
2021.

S. Phunaploy, P. Chatwattana, and P. Piriyasurawong, “The problem-based learning pro-
cess with a cloud learning environment to enhance analysis thinking,” International
Journal of Higher Education, vol. 10, no. 6, pp. 45-56, 2021. https://doi.org/10.5430/
ijhev10n6p45

S. Sankoke, “The development of learning activity based on problem based learning
cooperated with web-based learning to enhance 10th grade’s computational thinking
ability,” Master’ thesis, Mahasarakham University, 2022.

K. Lu, H. H. Yang, Y. Shi, and X. Wang, “Examining the key influencing factors on college
students’ higher-order thinking skills in the smart classroom environment,” International
Journal of Educational Technology in Higher Education, vol. 18, no. 1, 2021. https://doi.
org/10.1186/s41239-020-00238-7

A. Kaur, M. Bhatia, and G. Stea, “A survey of smart classroom literature,” MDPI, vol. 12,
no. 2, p. 86, 2022. https://doi.org/10.3390/educsci12020086

N. Siriwan, Smart Classroom, 2022. [Online]. Available: https:/prt.parliament.go.th/
server/api/core/bitstreams/c257f2cf-b652-4faf-81£3-b391bb75d849/content [Accessed:
Jan. 2, 2025].

N. Puttiwanit, S. Puttiwanit, and A. Chitviboon, “Learning management guidelines for
using PBL with nursing students,” The Southern College Network Journal of Nursing and
Public Health, vol. 7, no. 2, pp. 324-335, 2020.

D. W. Johnson and R. T. Johnson, “Cooperative learning: The foundation for active learn-
ing,” in Active Learning — Beyond the Future, S. M. Brito, Ed., IntechOpen, 2019. https://doi.
org/10.5772/intechopen.81086

K. Mingsiritham, “Integrating cooperative learning and collaborative learning,” Veridian
E-Journal SU, vol. 4, no. 1, pp. 435-444, 2011.

R. Srisuk, “Applying co-operative learning theory in the design organize teaching,”
The Journal of Boromarjonani College of Nursing Suphanburt, vol. 2, no. 1, pp. 5-16, 2019.
U. Praimee et al.,, “Environmental education learning for enhancing wetlands manage-
ment in the Northeast of Thailand using cooperative-based learning,” Journal of Education
and Learning, vol. 11, no. 4, pp. 161-173, 2022. https://doi.org/10.5539/jel.v11n4p161

C. Yang, R. Chen, X. Chen, and K. H. Lu, “The efficiency of cooperative learning in phys-
ical education on the learning of action skills and learning motivation,” Frontiers in
Psychology, vol. 12, 2021. https://doi.org/10.3389/fpsyg.2021.717528

P. Nakphong, “The development of analytical thinking skill of seventh grade stu-
dents by using problem based learning and stad technique,” Master’ thesis, Silpakorn
University, 2019.

W. Wongyai and M. Patthaphon, Learning Management to Develop Analytical Thinking.
Bangkok: Leadership Center for Curriculum and Learning Innovation, 2019.

C. Nakkunlabut, “The development of analytical thinking ability and creative think-
ing by learning management based on stem education,” Master’ thesis, Burapha
University, 2021.

28 International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 19 No. 10 (2025)


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijim.v18i20.50199
https://doi.org/10.3991/ijim.v18i08.48025
https://doi.org/10.5430/ijhe.v10n6p45
https://doi.org/10.5430/ijhe.v10n6p45
https://doi.org/10.1186/s41239-020-00238-7
https://doi.org/10.1186/s41239-020-00238-7
https://doi.org/10.3390/educsci12020086
https://prt.parliament.go.th/server/api/core/bitstreams/c257f2cf-b652-4faf-81f3-b391bb75d849/content
https://prt.parliament.go.th/server/api/core/bitstreams/c257f2cf-b652-4faf-81f3-b391bb75d849/content
https://doi.org/10.5772/intechopen.81086
https://doi.org/10.5772/intechopen.81086
https://doi.org/10.5539/jel.v11n4p161
https://doi.org/10.3389/fpsyg.2021.717528

JIM [ Vol. 19 No. 10 (2025)

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

[30]

(31]

(32]

[33]

(34]

[35]

[36]

Al-Powered Smart Classrooms for C-PBL: Enhancing Mobile and Virtual Learning Technologies

D. A. Ibrahim and A. M. Rashid, “Curiosity among students in learning the design and
technology subject,” The Journal of Social Sciences Research, vol. 8, no. 3, pp. 48-55, 2022.
https://doi.org/10.32861/jssr.83.48.55

L. Goupil and J]. Proust, “Curiosity as a metacognitive feeling,” Cognition, vol. 231,
p. 105325, 2023. https://doi.org/10.1016/j.cognition.2022.105325

W. Thianleela, “CQ: Curiosity quotient.” 2018. [Online]. Available: https://thepotential.
org/knowledge/curiosity-quotient/ [Accessed: Dec. 2, 2024].

C. Scrivner, “Curiosity,” in The Oxford Handbook of Evolution and the Emotions, Laith
Al-Shawaf and Todd K. Shackelford, Eds., Oxford: Oxford University Press, 2024. https://
doi.org/10.1093/oxfordhb/9780197544754.013.20

S. Sun and Y. Fu, “The role of mobile education technology in promoting personalized
learning in higher education,” International Journal of Interactive Mobile Technologies
(i7IM), vol. 19, no. 4, pp. 93-107, 2025. https://doi.org/10.3991/ijim.v19104.54217

S. Papadakis, “Apps to promote computational thinking and coding skills to young age
children: A pedagogical challenge for the 21st century learners,” Educational Process:
International Journal (EDUPIJ), vol. 11, no. 1, pp. 7-13, 2022. https://doi.org/10.22521/
edupij.2022.111.1

L. Liu, “The impact of mobile applications on personalized learning paths in dance
education,” International Journal of Interactive Mobile Technologies (i/IM), vol. 19, no. 5,
pp. 128-143, 2025. https://doi.org/10.3991/ijim.v19i05.54525

H. F. El-Sofany, “The effectiveness of using mobile learning techniques to improve learn-
ing outcomes in higher education,” International Journal of Interactive Mobile Technologies
(iJIM), vol. 14, no. 8, pp. 4-18, 2020. https://doi.org/10.3991/ijim.v14i08.13125

A. Powell, A. J. Scott, and N. Henry, “Digital harassment and abuse: Experiences of
sexuality and gender minority adults,” European Journal of Criminology, vol. 17, no. 2,
pp. 199-223, 2018. https://doi.org/10.1177/1477370818788006

T. Alasmari, “Artificial intelligence and M-learning in Arabic countries: Innovations,
trends, and regional perspectives,” International Journal of Interactive Mobile Technologies
(i/IM), vol. 19, no. 5, pp. 170-194, 2025. https://doi.org/10.3991/ijimv19i05.52735

S. Sapliyan, P. Chatwattana, and P. Nilsook, “A constructionist, imagineering learning sys-
tem with the metaverse: A study of learning outcomes at secondary schools in Thailand,”
Global Journal of Engineering Education, vol. 25, no. 2, pp. 90-98, 2023.

C. Chookusol and P. Wannapiroon, “Virtual learning environment via smart coworking
space,” Journal of Education and Innovative Learning, vol. 1, no. 1, pp. 97-110, 2021.

A. Manaf, “Talking Chips: Model Pembelajaran Coorperative Dapat Meningkatkan
Hasil Belajar Siswa Untuk Semua,” Jurnal Eksperimental: Media Ilmiah Pendidikan Guru
Madrasah Ibtidaiyah, vol. 8, no. 2, 2022. https://doi.org/10.58645/eksperimental.v8i2.109
M. A. Dang, N. Trung, P. D. Do, and X. Truong, “The benefits of cooperative learning:
An overview,” Technium Education and Humanities, vol. 4, pp. 78-85, 2023. https://doi.
0rg/10.47577/teh.v41.8709

I. Mustapha, N. Khan, M. I. Qureshi, H. Sikandar, M. Hassan, and ]. Simarmata,
“Revolutionizing supply chain processes: Harnessing the power of IoT and block-
chain technology to enhance opportunities,” in Innovative Technologies for Enhancing
Experiences and Engagement, SpringerBriefs in Applied Sciences and Technology, A. Ismail,
E. N. Zulkipli, R. Mahat, M. A. Mohd Daril, and A. Ochsner, Eds., Springer, Cham, 2024,
pp. 87-94. https://doi.org/10.1007/978-3-031-55558-9_10

V. Rattanawiboonsom, H. Sikandar, U. Thatsaringkharnsakun, and N. Khan, “The role
of mobile technologies in tracking cyberbullying trends and social adaptation among
teenagers,” International Journal of Interactive Mobile Technologies (iJIM), vol. 19, no. 1,
pp. 171-186, 2025. https://doi.org/10.3991/ijim.v19i01.52747

International Journal of Interactive Mobile Technologies (iJIM) 29


https://online-journals.org/index.php/i-jim
https://doi.org/10.32861/jssr.83.48.55
https://doi.org/10.1016/j.cognition.2022.105325
https://thepotential.org/knowledge/curiosity-quotient/
https://thepotential.org/knowledge/curiosity-quotient/
https://doi.org/10.1093/oxfordhb/9780197544754.013.20
https://doi.org/10.1093/oxfordhb/9780197544754.013.20
https://doi.org/10.3991/ijim.v19i04.54217
https://doi.org/10.22521/edupij.2022.111.1
https://doi.org/10.22521/edupij.2022.111.1
https://doi.org/10.3991/ijim.v19i05.54525
https://doi.org/10.3991/ijim.v14i08.13125
https://doi.org/10.1177/1477370818788006
https://doi.org/10.3991/ijim.v19i05.52735
https://doi.org/10.58645/eksperimental.v8i2.109
https://doi.org/10.47577/teh.v4i.8709
https://doi.org/10.47577/teh.v4i.8709
https://doi.org/10.1007/978-3-031-55558-9_10
https://doi.org/10.3991/ijim.v19i01.52747

Rattanakha et al.

(37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
(48]

[49]

(50]

(51]

L. A. Valenzuela-Fernandez et al, “Artificial intelligence in higher education during
and after the COVID-19 pandemic: Need, transition and transformation,” International
Journal on Recent and Innovation Trends in Computing and Communication, vol. 11, no. 9,
pp. 1402-1413, 2023. https://doi.org/10.17762/ijritccv11i9.9111

J. Wang and J. Li, “Artificial intelligence empowering public health education: Prospects
and challenges,” Front. Public Health, vol. 12, p. 1389026, 2024. https://doi.org/10.3389/
fpubh.2024.1389026

S. Aravantinos, K. Lavidas, I. Voulgari, S. Papadakis, T. Karalis, and V. Komis, “Educational
approaches with Al in primary school settings: A systematic review of the literature avail-
able in Scopus,” Education Sciences, vol. 14, no. 7, p. 744, 2024. https://doi.org/10.3390/
educsci14070744

S.Liu, “Virtual reality and 6G based smart classroom teaching using artificial intelligence,”
Wireless Personal Communications, 2024. https://doi.org/10.1007/s11277-024-11223-y

N. Songkram, N. Songkram, S. Chootongchai, and T. Samanakupt, “Developing students’
learning and innovation skills using the virtual smart classroom,” International Journal
of Emerging Technologies in Learning (i/ET), vol. 16, no. 4, pp. 34-51, 2021. https://doi.
0rg/10.3991/ijetv16i04.15221

A. Binsulatan, M. Kaemah, and A. Sulong, “The development of critical thinking skill
by using question from story-telling on al-Akhlaq subject for primary school students,
Year 3,” MENARA: Journal of Islamic and Contemporary Issues, vol. 2, no. 2, pp. 12-24, 2021.
7. Zetriuslita, S. F. Saleh, B. Baharullah, and L. Laelasari, “An analysis of students’ math-
ematical curiosity in online learning viewed from academic level and gender,” Research
in Social Sciences and Technology, vol. 9, no. 2, pp. 1-12, 2024. https://doi.org/10.46303/
ressat.2024.22

D. T. Campbell et al, “Experimental and Quasi-experiment Al designs for research,”
Handbook of Research on Teaching: Houghton Mifflin Company Boston, 1966.

T. Khemmani, Science of Teaching: Knowledge of Efficient Learning Process Management.
Bangkok: Chulalongkorn University Press, 2018.

S. J. McGriff, “Instructional system design (ISD): Using the ADDIE model,” Instructional
Systems, College of Education, Penn State University, 2000. [Online]. Available: https://
snazlan.wordpress.com/wp-content/uploads/2017/03/instructional-system-design-isd-
using-the-addie-model.pdf [Accessed: Dec. 15, 2024].

B. Srisa-Ard, Basic Research. Bangkok: Suweerivasarn Press, 2013.

A. D. Marthaliakirana, H. Suwono, M. Saefi, and A. Gofur, “Problem-based learning with
metacognitive prompts for enhancing argumentation and critical thinking of second-
ary school students,” Eurasia Journal of Mathematics, Science and Technology Education,
vol. 18, no. 9, 2022. https://doi.org/10.29333/ejmste/12304

A. K. Amin, N. S. Degeng, P. Setyosari, and E. T. Djatmika, “The effectiveness of mobile
blended problem based learning on mathematical problem solving,” International
Journal of Interactive Mobile Technologies (i/IM), vol. 15, no. 1, pp. 119-141, 2021. https://
doi.org/10.3991/ijim.v15i01.17437

A. Poonsawad, J. Srisomphan, and C. Sanrach, “Synthesis of problem-based interactive
digital storytelling learning model under gamification environment promotes students’
problem-solving skills,” International Journal of Emerging Technologies in Learning (iJET),
vol. 17, no. 5, pp. 103-119, 2022. https://doi.org/10.3991/ijetv17i05.28181

N. Sermsri, A. Sukkamart, and T. Kantathanawat, “Thai computer studies student
teacher complex problem-solving skills development: A cooperative learning manage-
ment model,” Journal of Higher Education Theory and Practice, vol. 22, no. 16, pp. 87-99,
2022. https://doi.org/10.33423/jhetp.v22116.5603

30 International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 19 No. 10 (2025)


https://online-journals.org/index.php/i-jim
https://doi.org/10.17762/ijritcc.v11i9.9111
https://doi.org/10.3389/fpubh.2024.1389026
https://doi.org/10.3389/fpubh.2024.1389026
https://doi.org/10.3390/educsci14070744
https://doi.org/10.3390/educsci14070744
https://doi.org/10.1007/s11277-024-11223-y
https://doi.org/10.3991/ijet.v16i04.15221
https://doi.org/10.3991/ijet.v16i04.15221
https://doi.org/10.46303/ressat.2024.22
https://doi.org/10.46303/ressat.2024.22
https://snazlan.wordpress.com/wp-content/uploads/2017/03/instructional-system-design-isd-using-the-addie-model.pdf
https://snazlan.wordpress.com/wp-content/uploads/2017/03/instructional-system-design-isd-using-the-addie-model.pdf
https://snazlan.wordpress.com/wp-content/uploads/2017/03/instructional-system-design-isd-using-the-addie-model.pdf
https://doi.org/10.29333/ejmste/12304
https://doi.org/10.3991/ijim.v15i01.17437
https://doi.org/10.3991/ijim.v15i01.17437
https://doi.org/10.3991/ijet.v17i05.28181
https://doi.org/10.33423/jhetp.v22i16.5603

JIM [ Vol. 19 No. 10 (2025)

Al-Powered Smart Classrooms for C-PBL: Enhancing Mobile and Virtual Learning Technologies

[52] Z. Bousalem, A. Qazdar, and I. E. Guabassi, “Cooperative learning groups: A new
approach based on students’ performance prediction,” International Journal of Online
and Biomedical Engineering (ifOE), vol. 19, no. 12, pp. 34-48, 2023. https://doi.org/10.3991/
ijoev19i12.41181

[53] M. Alimalbari, C. Tuntiwaranuruk, and C. Sirisawad, “The effects of using the 4MAT
Learning activities in the topic of body systems on grade 8 students’ analytical thinking
and attitude towards sciences,” Journal of Education Naresuan University, vol. 23, no. 3,
pp. 255-268, 2021.

[54] C. Chaimin, “Assessment of analytical thinking skills in media literacy of elementary
school students in the Education 4.0 era by using games 1,” TLA Research Journal, vol. 16,
no. 2, pp. 66-84, 2023.

[55] L. D. Kaczmarek, T. B. Kashdan, and ]. Enko, “How curiosity enhances performance:
Mechanisms of physiological engagement, challenge and threat appraisal, and novelty
deprivation,” PsyArXiv, 2024. https://doi.org/10.31234/osf.io/c2w5q

[56] A.Suvandy, P. Chatwattana, and P. Nilsook, “The micro-learning activities via metaverse
platform: The outcomes of students’ at Pakse teacher training college, Lao PDR,” TEM
Journal, vol. 13, no. 2, pp. 1675-1683, 2024. https://doi.org/10.18421/TEM132-80

[57] K. A. Ageel Alzoubi, “The effectiveness of multimedia and virtual environments in
light of the conflict strategy to reduce misconceptions in mathematics among first-year
university students,” International Journal of Emerging Technologies in Learning (JJET),
vol. 18, no. 24, pp. 49-61, 2023. https://doi.org/10.3991/ijetv18i24.42937

[58] K. Sisamud, P. Chatwattana, and P. Piriyasurawong, “The outcomes of project-based
learning system on metaverse through design thinking for Buddhism innovators,”
International Journal of Engineering Pedagogy (ifEP), vol. 15, no. 1, pp. 56-74, 2025. https://
doi.org/10.3991/ijep.v15i1.51461

[59] H. Annuar, E. Solihatin, and Khaerudin, “Enhancing early childhood cognitive develop-
ment via mobile game-based learning applications: Insights and practical experiences,”
International Journal of Interactive Mobile Technologies (i/IM), vol. 19, no. 4, pp. 208-229,
2025. https://doi.org/10.3991/ijimv19i04.51897

8 AUTHORS

Raweewarn Rattanakha is a Master’s degree student in Division of Information
and Communication Technology for Education, Faculty of Technical Education, King
Mongkut’s University of Technology North Bangkok, Thailand. She has experience
includes educational technology and designing and developing learning system
(E-mail: s6602052856017@email. kmutnb.ac.th).

Pinanta Chatwattana is an Associate Professor at the College of Industrial
Technology, King Mongkut’s University of Technology North Bangkok, Bangkok,
Thailand. Her research interests include educational technology, multimedia tech-
nology, instruction technique, information and communication technology for edu-
cation, and applied information and communication technology for instruction. She
has experience in designing and developing online learning platforms and develop-
ing virtual learning platforms (E-mail: pinanta.c@cit.kmutnb.ac.th).

Pallop Piriyasurawong is a Professor at the Division of Information and
Communication Technology for Education, King Mongkut’s University of Technology
North Bangkok, Bangkok, Thailand. His expertise is predominantly in education
technology, and information and communication technology (E-mail: pallop.p@fte.
kmutnb.ac.th).

International Journal of Interactive Mobile Technologies (iJIM) 31


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijoe.v19i12.41181
https://doi.org/10.3991/ijoe.v19i12.41181
https://doi.org/10.31234/osf.io/c2w5q
https://doi.org/10.18421/TEM132-80
https://doi.org/10.3991/ijet.v18i24.42937
https://doi.org/10.3991/ijep.v15i1.51461
https://doi.org/10.3991/ijep.v15i1.51461
https://doi.org/10.3991/ijim.v19i04.51897
mailto:s6602052856017@email.kmutnb.ac.th
mailto:pinanta.c@cit.kmutnb.ac.th
mailto:pallop.p@fte.kmutnb.ac.th
mailto:pallop.p@fte.kmutnb.ac.th

