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B Abstract

The objective of this research was to develop learners’ scientific creativity by incorporating a virtual studio learning
environment based on the STEAM education concept integrated with socio-scientific issues. The learning environment
highligshted features such as a showcasing space where learners can gain feedback, which could be useful for any revisions
to increase the efficiency of their projects. This created room for learners’ trial and error while engaging in the activities.
Moreover, the STEAM education concept integrated with socio-scientific issues was utilized in the activities. Using purposive
sampling the sample consisted of 75 secondary school students. During the 8-week experiment, these students were assessed
before (week 1), during (week 4), and after studying (week 8). The evaluation tools included a student self-assessment form
and a teacher project evaluation form. Statistical analysis was conducted using mean, standard deviation, and repeated
measure ANOVA. The results from the self-assessment form revealed that students had a higher average score for divergent
thinking after studying (M = 4.66, SD = 0.22) than during (M = 3.31, SD = 0.23) and before studying (M = 3.02, SD = 0.36). For
convergent thinking, the average score after studying (M = 4.65, SD = 0.23) was found to be higher than during (M = 3.32,
SD = 0.22) and before studying (M = 3.02, SD = 0.37) at the .05 statistical significance level. The results from the teachers’
project evaluation form showed that the learmers’ scientific creativity average after learning (M = 21.97, SD = 0.15) was
higher than during (M = 18.23, SD = 0.15) and before learning (M = 12.53, SD = 0.11) at the .05 statistical significance level.

Keywords: virtual studio learning environment, STEAM education, socio-scientific issues, scientific creativity, secondary

school students

Il Introduction

Creativity resides as a highlighted 21st century
skills for its role in preparing learners for the challenges
of sustainably developing and creating innovations
(Haim & Aschauer, 2022). This aligns with SDGs’ education
targets to adjust learning for knowledge and skills
towards innovation as well as resilience and creativity
for sustainable development (Gabriel et al., 2023). The
education framework 2023 promoted creativity that
shall enhance learners’ knowledge application skills
to tackle unfamiliar situations by employing diverse
skills and thinking processes. Learners shall be able to
think and develop new items, knowledge, innovation,
services, works, processes, or methods that are
beneficial and valuable. Also, they must cooperate and
acquire practical skills such as handling information
or technological tools (OECD, 2018). Additionally,
creativity belongs to the future skills category alongside
the ever-changing landscape of the 21st century which
ignited alterations both in the social and technological
aspects as well as learning disruptions (Khlaisang &
Koraneekij, 2024). As a result, the quality of learners
needs to be developed to match the demands on
future skills, body of knowledge, and careers. Likewise,
Thailand’s Ministry of Education classifies creativity

among the future skills for learners ranging from early
childhood, adolescence, and working age (Office of
the Education Council, 2021).

Surrounding the context of science education,
creativity is crucial to the scientific process (Ozkan &
Umdu Topsakal, 2021). This is because the creative
process can be integrated into the scientific method to
help uncover problems, create concepts and deliver-
ables, or seek alternative solutions (Dwikoranto et al.,
2021; Sun et al., 2020; Cook, 2020; Yildiz & Guler Yildiz,
2021). In terms of STEAM education, it incorporates
comprehension in science, technology, engineering
processes, arts, and mathematics, which are utilized to
enhance leamers’ higher-order thinking skills such as
creativity, problem-solving, and critical thinking. Also,
it involves innovating via activities that are designed to
engage learners in tackling complications, collaborating,
and connecting creativity processes to their work
(Chun & Heo, 2019; Wannapiroon & Petsangsri, 2020;
Conradty et al., 2020; de Vries, 2021). Moreover, once
socio-scientific issues become the activity’s setting
alongside STEAM, it allows learners to efficiently under-
stand how to apply knowledge to their daily context.
Thus, learners’ scientific creativity skills development
can be achieved (Sadler et al., 2004; Yoon et al., 2019;
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Hodson, 2020; Kim et al., 2020).

In the aforementioned context, a virtual studio
learning environment (VsLE) is among the suitable
solutions. It is an online learning environment that
highlights the exchange of ideas and reflections
between learners as well as learners and teachers
while they are conducting the activities. This can assist
learners with feedback that can be used for them to
adjust their work or learning processes (McDonald et
al,, 2020; Nespoli et al., 2021). Loudon (2019) mentions
that the fear of mistakes when completing activities can
hinder creativity development. Therefore, a learning
environment that unlocks opportunities for learners’
trial and error while learning can address creativity
development as learners can be more open-minded
and acquire greater learning motivation.

This research incorporated a virtual studio learning
environment (VsLE) with STEAM education concepts and
socio-scientific issues. It offered a learning environment
that permits learners to present perspectives, exchange
ideas, and practice while encouraging trial and error
via a series of activities that involve engineering
knowledge and design processes. In the process,
learners are guided to develop deliverables or provide
solutions. The research question, therefore, was what
outcomes on the scientific creativity were observed
among secondary school students when learning via
a virtual studio learning environment based on STEAM
education concept integrated with socio-scientific
issues. This was to address the needs to enhance scientific
creativity and STEAM Education, as a focus in Thai
education, in the hope that it could equip students
with integrated skills in arts, science, and technology
which incorporates creative thinking and knowledge,

Table 1
Elements of Virtual Studio Learning Environment

Elements/Studies

Learning space

Space for learners’ personal activities

implying the improvement of problem-solving skills
and creative innovation in daily life and workplaces
(Ministry of Education, 2022).

Il Objectives

The objective of this research was to develop
learners’ scientific creativity by incorporating a virtual
studio learning environment based on the STEAM
education concept integrated with socio-scientific
issues.

I Hypothesis

After studying through VsLE, according to STEAM
Education, with the socio-scientific issues, students
have higher scientific creativity scores compared with
during and before studying at the .05. statistical
significance level.

I Literature Review

Virtual studio learning environment

The studio learning environment gained
recognition in architectural and industrial design
education as an assistant to enhance learners’ creativity.
It accentuates exchanges of ideas and reflections
between peers and among learners and teachers
whilst completing pedagogical activities. The process
allows learners to access feedback that is used to alter
their working or learning methods (McDonald et al,,
2020). It also highlights openness in thinking via the
learning by doing concept. These interactions help
learners visualize feedback and use it to develop their
work as well as their creative potential (Fleischmann,
2021; Jones et al., 2021). The elements of VsLE were
synthesized and summarized in the table below.

Loudon (2019)
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Table 1
(continued)

Elements/Studies

Space for collecting learners’ works or portfolio

Learner-to-learner and learner-to-instructor sharing of ideas

Organizing learning activities based on learners’ interests
Instruments for learners’ collaborative work
Showcase

Evaluation, reflection, and feedback
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According to Table 1, the learning environment
consists of 1) a personal learning and activity space,
2) a group activity space to exchange ideas among
peers and with teachers, 3) activities that focus on
learning from authentic situations that relate to
the learners’ daily lives according to the learners’
preference, 4) a space for showcasing learners’
work, and 5) evaluation that involves reflections and
feedback from peers and teachers (Walker et al., 2019;
Loudon, 2019; Fleischmann, 2021; Iranmanesh & Onur,
2021; Jones et al., 2021).

STEAM education concept integrated with
socio-scientific issues

STEAM education integrates five disciplines
namely science, technology, engineering, art, and
mathematics. Chu et al. (2019) explained that the
application of STEAM education alongside socio-cultural
contexts could help learners acknowledge the
significance and connections of science to their
everyday lives. For instance, when topics about global
warming are incorporated, it encourages learners’
curiosity which leads to further inquiry for answers in

their areas of preference. This is because learners are
in control of stating the problems and feel a sense
of ownership over the topic they have chosen.
Furthermore, the inclusion of art education while
accomplishing the activities guides learners to better
comprehend scientific conceptions because such
knowledge was required when designing. Thus, they are
provided with the opportunity to develop creativity,
problem-solving skills, and autonomous learning.
Therefore, the advantage of STEAM education is
that learning relates to authentic situations with the
involvement of art in the pedagogical process. This
generates spaces for learners to design their learning
process while spotlighting social contexts as well as
promoting trial and error. This openness to welcoming
diverse experiences, learning mistakes, exchanging
of peers’ perspectives, and feedback, all contribute
well to learners’ creativity development (Chun & Heo,
2019; Wannapiroon & Petsangsri, 2020; Conradty et al.,
2020; de Vries, 2021). The synthesized stages of learning
were presented in the table below.
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Table 2
Synthesized Stages of Learning Model

Stages of learning

Analyzing problems and needs

Gathering ideas related to the problematic situations

Researching, designing, and planning to solve the problems

Evaluating solutions to address the problems
Considering further possible solutions

Connecting and integrating knowledge

Developing innovations or works from the knowledge and plans

Reflecting, giving feedback of, and evaluating the results of what the learners learn v/

Presenting the results

Jia et al. (2021)
Khamhaengpolet al. (2021)

SN \Vannapiroon and Petsangsri (2020)
AN NN Ozkan and Umdu Topsakal (2021)

v Y v
v v
v v

/

/

AR
IR
NN
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According to the synthesized stages of learning
model, ultimately, when socio-scientific issues are
introduced as the context for STEAM education,
the “STUDIO” learning process is constructed with
the approaches as follows: 1) researching the socio-
scientific situation to state the problem, 2) researching
additional information on the task to seek solutions,
3) planning unique solutions by integrating multiple
disciplines via exchanges of information and discussions,
4) designing innovation, work or concepts, 5) illustrating
to showcase the work, and 6) conducting open-minded
reflections and evaluations.

Scientific creativity

Scientific creativity is the personal ability to think
and develop new work that is beneficial or valuable to
oneself and society. This can include both concepts
and tangible works that apply knowledge and skills
specifically in the areas of science, scientific process,
and the creativity of general contexts which are then
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used to state problems, uncover solutions, and create
innovation (Yang et al,, 2019; Oh, 2021; Wiyanto &
Hidayah, 2021; Atesgoz & Sak, 2021; Zhou, 2021).
Documents pertaining to elements of scientific cre-
ativity could be summarized in Table 3.

According to Table 3, the elements of scientific
creativity consist of such concepts as divergent
thinking which involves 1) fluency, which is the number of
answers or ideas that the learners generate, 2) flexibility,
which is the number of criteria or groupings that
the learners can categorize, and 3) originality of the
learners’ ideas. Moreover, the process consists of
convergent thinking which consists of 1) analysis and
synthesis, and 2) evaluation and selection to discover
appropriate solutions and problem statements.

According to the rationale of the study, literature
review, along with the theoretical framework of
constructivist learning and self-directed learning
research framework was presented as follows.
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Table 3
Elements of Scientific Creativity

Elements of scientific creativity

Oh (2021)
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Wiyanto and Hidayah (2021)
Atesgoz and Sak (2021)
Yang et al. (2019)

Divergent thinking: fluency, flexibility, and originality v v v v v v v
Convergent thinking: analyzing approaches to identifying v v v v
and solving problems

Selecting useful and innovative ideas v v

Creative process and scientific imagination v v

Il Research Framework

Figure 1
Research Framework

s -
The elements of VsLE consist of 1) a personal

learning and activity space, 2) a group activity :

space to exchange ideas among peers and with :
teachers, 3) activities that focus on learning '
from authentic situations that relate to the
learners’ daily lives according to the learners’ :
preference, 4) a space for showcasing learners’
work, and 5) evaluation that involves reflections :
and feedback from peers and teachers

STEAM Education Concept integrated
with Socio-scientific issues

The stages of learning consist of 1) researching the socio-
scientific situation to state the problem, 2) researching
additional information on the task to seek solutions,

3) planning unique solutions by integrating multiple
disciplines via exchanges of information and discussions,
4) designing innovation, work or concepts, 5) illustrating
to showcase the work, and 6) conducting open-minded |
reflections and evaluations.
(Wannapiroon & Petsangsri, 2020; Jia et al., 2021;

(Walker et al.,, 2019; Loudon, 2019;
Fleischmann, 2021)

Ozkan & Umdu Topsakal, 2021)

Virtual Studio Learning Environment based on STEAM Education Concept Integrated
with Socio-scientific Issues to Enhance Learner’s Scientific Creativity

Scientific creativity

B Divergent thinking consists of Fluency, Flexibility, and Originality
B Convergent thinking consists of Analyze and synthesis and Evaluation and selection
(Yang et al,, 2019; Oh, 2021; Wiyanto & Hidayah, 2021; Atesgoz & Sak, 2021; Zhou, 2021)
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I Methodology

The study used a quasi-experimental design
with a one-group time series. The objective of the
current research was to observe the effects of using
STEAM-oriented VsLE with socio-scientific issues to
develop secondary students’ scientific creativity.

Participants

Using purposive sampling, the sample of the
study consisted of 75 grade-12 secondary students
from different parts of Thailand, including 36 female
(48%) and 39 male students (52%) who were in the
science-mathematics major. The recruitment criteria
were as follows. 1) The students were capable of using
technological devices. 2) Their institutions provided
consent and were technologically ready. 3) The teachers
were prepared for and capable of using technology.

Ethical consideration

In this study, the researchers obtained consent
from the participants to give their responses. The
researchers ensured the anonymity of the participants
as well as their freedom to withdraw from the study
anytime with no need to give reasons. The data were
kept during the study and were destroyed upon
completion of the study. Only researchers would
have access to the data. All research protocols and
procedures were reviewed and approved by the
Research Ethics Review Committee for Research
Involving Human Subjects at Chulalongkorn University
(224/66).

Table 4

Experimental Design

This was a learning innovation research and
development study that designed the virtual studio
learning environment based on the STEAM education
concept integrated with socio-scientific issues to
enhance the scientific creativity of secondary school
students. It emphasized on-demand learning wherein
learners followed their needs or interests within the
socio-scientific concept in order to design concepts
or innovations for problem-solving. The virtual studio
learning environment encapsulated spaces for
completing activities as follows. The first feature was
1) My Studio, where learners carried out activities
(both individual and group tasks). This was where
learners could exchange ideas while working. Also,
group work activities featured STEAM tools that they
could use to design the works such as Tinkercad
(Autodesk), Spatial, and SketchUp. In this space, learners
could display their work in progress to collabora-
tively exchange ideas and reflections in a metaverse
platform. The feedback could be used for better group
work adjustments. The second feature was 2) My
Modules, which was the learning space with related
resources and information that were accessible
anywhere and anytime. The third feature was
3) Showcase, which was where the group could display
their work and fellow students could give likes and
comments. Further details were provided in Table 4.

The Relationship between the Learning Process in the Virtual Studio Learning Environment and Scientific

Creativity

STUDIO

Features in the virtual studio learning
environment

Scientific creativity

S (Situation)

Research on socio-scientific issues
to state the problem in a situational
format

My Studio feature: learners’ personal
learning and activity space (Figure 1)

Divergent thinking

T (Task)
Further research to seek solutions for
the group discussion tasks

B My Module feature: information related
to the activity’s topic (Figure 2)

B Group activity space with peer-to-peer
ideas exchange (divergent thinking and

Divergent thinking and
convergent thinking to state
the problem and seek
problem-solving options

convergent thinking)

U (Unigueness)

Design and plan to solve problems
by integrating knowledge from diverse
disciplines that are used to generate
multiple, unique ideas for discussions

My Studio feature: a group activity space
for peer-to-peer ideas exchange

Divergent thinking
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Table 4
(continued)

STUDIO Features in the virtual studio learning Scientific creativity

environment

D (Design) My Studio feature: a group activity space  Convergent thinking
Collaboratively analyze and synthesize  with examples of STEAM tools that
information to design the best solution  learners can choose to help with their

design such as Tinkercad (Autodesk),

Spatial, SketchUp, etc. (Figure 3)

I (Ilustration) My Studio feature: a group activity space  Convergent thinking
Illustrate innovative work or concept

development that is beneficial to

oneself and society by applying specific

scientific knowledge and skill with

creativity
O (Open-minded) Showcase feature: a space for display and  Divergent and convergent
B Draft presentation in the metaverse ~ €valuation as well as for reflection and thinking

platform to open-mindedly receive ~ feedback (Figure 4)
comments from teachers and peers
that can be guidelines for better
revisions
B Finalized students’ works are

displayed for collaborative learning
opportunities

Figure 2
Identifying the Learners’ Activity Topic in “My Studio” and Using Online Concept Maps to Assist Learners in
Stating as Many Problems as Possible About Resources
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Figure 3
“My Module” Learning Space
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Figure 4
STEAM Tool to Assist Learners’ Design with Tinkercad and SketchUp Programs
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Figure 5

(Left) First Draft and (Right) Second Draft of the Water Waste Collection Innovation Design

Experimental procedure of stating the problem and introducing their interest
Learners could log in to the website via http:// to the group. The group then chose the problem that
studios-lab.com and complete the individual activity they were mutually interested in to discuss, sought
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solutions, and further developed the group’s work.
The students performed self-assessment before
(1st week), during (4th week), and after (8th week)
studying. Moreover, the teacher engaged in evaluating

Figure 6
Diagram of the Experimental Design

(n=75)
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the working process and completed work which was
assessments before, during, and after studying as well.
The experimental design is elaborated in Figure 6.

Pre-test Scientific creativity
(self-evaluation) (1* week)

Scientific creativity

Pre-test Scientific creativity
(by the teacher) (1" week)

(1% - 3" week) identify problems
and develop innivation

During study, Scientific creativity
(self-evaluation) (4" week)

During study
Scientific creativity

During study, Scientific creativity
(by the teacher) (4" week)

(@" - 7" week) develop and redesign
innovation based on feedback

(8" week) Final innovation

Post-test Scientific creativity
(self-evaluation) (8" week)

Instruments

Usability Assessment

The platform “Virtual Studio Learning Environment
based on STEAM Education Concept Integrated with
Socio-Scientific Issues” was designed and developed
using responsive web technology. Its validation process
involved five experts in educational technology and
science education, utilizing the usability assessment
platform of a 5-point Likert scale. The result showed
an average rating of 4.00, which underscores its
effectiveness and suitability for implementation.

Post-test
Scientific creativity

Post-test Scientific creativity
(by the teacher) (8" week)

Questionnaire

The current study employed two research
instruments. The first one was the work and process
evaluation form in the format of a teacher graded
scientific creativity rubric. With the total score of 24,
this four-level rubric includes three items dealing with
divergent thinking and the other three with convergent
thinking. The tools were validated by five experts in
educational technology and science education. For
the internal consistency analysis, Cronbach’s alpha
coefficient was .92. The second instrument was

e



N
JI Journal of Information and Learning
Volume 35, Issue 2, May-August, 2024

a scientific creativity self-assessment form for learners
in the format of a 5-point Likert scale. Having 64 items in
total, the form included two factors with five aspects.
The first factor was divergent thinking, which involved
1) fluency, 2) flexibility, and 3) originality, covering 30
items. The second factor was convergent thinking,
which were 1) analysis and synthesis and 2) evaluation
and selection, covering the rest 34 items. Before being
used, the instruments were validated by five experts
in educational technology and science education. In
the internal consistency analysis, Cronbach’s alpha
coefficient was .72.

Data analysis

In studying the system usage, the research was
designed by collecting data in weeks 1, 4, and 8. For
the analysis, the average, standard deviation, and
repeated measure ANOVA were used to analyze the

Table 5

mean difference in scientific creativity before, during,
and after studying.

Hll Results

Analysis of the mean difference in scientific
creativity in secondary school students before,
during, and after studying

Divergent thinking

The results revealed that the students had an
overall statistically significant (p < .05) mean difference
of divergent thinking (F = 619.134, p = .00) with the
highest mean in the post-test (M = 4.66, SD = 0.22)
followed by during studying evaluation (M = 3.31,
SD =0.23) and pre-test (M = 3.02, SD = 0.36) respectively.

In exploring the individual elements of divergent
thinking namely fluency, flexibility, and originality, the
details are shown in Table 5.

The Level of Divergent Thinking from the Pre-test, During Studly, and Post-test Evaluations (Full Mark is 5 Points)

Divergent
thinking

Fluency 3.05 0.38 medium 3.30
Flexibility 2.98 0.06 low 3.31
Originality 3.04 0.06 medium 3.32

Evaluation

Post-test

During study

0.23 medium 4.67 0.23 highest
0.03 medium 4.65 0.03 highest
0.03 medium 4.66 0.03 highest

Convergent thinking

The results revealed that the students had
an overall statistically significant (p < .05) mean
difference of convergent thinking (F = 594.652, p = .00)
with the highest mean in the post-test (M = 4.65,
SD = 0.23) followed by during studying evaluation

Table 6

(M =3.32,5D = 0.22) and pre-test (M = 3.02, 5D = 0.37)
respectively.

For the individual elements of convergent
thinking namely analysis and synthesis as well as
evaluation and selection, the details are shown in
Table 6.

The Level of Convergent Thinking from the Pre-test, During Study, and Post-test Evaluations (Full Mark is 5 Points)

Pre-test

Convergent thinking

Evaluation

During study Post-test

Analysis and synthesis 3.00 0.04 medium

Evaluation and selection 3.03 0.05 medium

3.30 0.03
3.33 0.03

medium 4.67 0.03 highest

medium 4.63 0.03 highest
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Table 7
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The Level of Scientific Creativity from the Pre-test, During Study, and Post-test Evaluations (Full Mark is 5 Points)

Pre-test

Scientific creativity

Divergent thinking 3.02 0.36 medium

Convergent thinking 3.02 0.37 medium

Evaluation
During study Post-test
SD
3.31 0.23  medium 4.66 0.22 highest
3.32 0.22  medium 4.65 0.23 highest

Analysis of the scientific creativity level in
secondary school students before, during, and
after studying that derives from the scientific
creativity work and learning process rubric

Results showed that the students had an overall
statistically significant (p < .05) mean difference of

Table 8

scientific creativity (F = 5760.412, p = .00) with the
highest mean in the post-test (M = 21.97, SD = 0.15)
from the total mark of 24 points followed by during
studying evaluation (M = 18.23, SD = 0.15) and pre-test
(M = 1253, SD = 0.11) respectively.

The Scientific Creativity Difference Analysis from Students’ Final Work Evaluation

Scientific creativity Variables SS MS F p Summary
Scientific creativity Evaluation 3389.13 1694.56  5760.412 <.001* Post-test>
Error 43.54 148 0.294 during>
pre-test
*p < .05
Figure 7
(Left) Self-assessment (Right) Work Evaluation
Divergent [l Convergent scientific creativity
500 25.00
400 20.00
3.00 15.00
200 10.00
1.00 5.00
0.00 0.00
before study during study after study before study during study after study

N 11



N
JI Journal of Information and Learning
Volume 35, Issue 2, May-August, 2024

I Discussions

Based on the analysis, both from the self-assess-
ment and work evaluations, the results showed that
learners had a statistically significantly higher scientific
creativity in the divergent and convergent thinking
elements, when compared with during and before
studying. This was observed in both the self-assessment
by the student and work evaluations by the teacher.
This was owing to the VsLE design that offered a flexible
learning environment and activities wherein learners
had access to the contents anywhere and anytime.
The results went in accordance with self-directed
learning theory which allows learners to identify the
topic, design, and plan for the learning activities of their
interest. As supported by Lee’s (2024) study on the
factors affecting creativity development, self-directed
learning seemed to enhance learners’ creativity.
Moreover, the group activity space, My Studio, in-
corporated a variety of STEAM tools that learners
could select to help with their designing process. The
integration of STEAM tools into pedagogy enhanced
learners’ scientific creativity (Samamiego et al., 2024).
This aligned with Mebed et al. (2022) who involved
e-learning techniques with the virtual design studio. In
their design, digital tools were used for designing which
assisted in creativity skill development. Additionally,
the learning activities that offered designing, drafting,
and drawing, helped learners deliver innovation and
promoted their creativity (Sharma & Kumar, 2023).
Furthermore, with reference to the table presenting
synthesized elements of learning environment, VsLE
highlighted the space for learners to showcase their
progress or works so that they receive feedback for
more efficient development or revision of their works
or processes. This opened trial and error opportunities
while learners were completing their tasks, which
addressed pedagogy that developed creativity. This
was also supported by constructivist learning theory
where students learned through collaboration, social
interaction, and teacher-provided scaffolding, which
helped relate learners’ experiences and promote their
creativity (Kiesler, 2022). Interestingly, divergent and
convergent thinking are related thinking processes.
Toillustrate, the task to identify the topic was categorized
as a divergent thinking process while deciding on
the interested topic belongs to convergent thinking
(Pinkow, 2023). Therefore, requiring learners to present
their work in progress could help enhance both skills
as learners were asked to think of various problem-
solving options (divergent thinking) and evaluate the
appropriate path (convergent thinking) that could
lead to improvements. This coincided with Obeid
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and Demirkan (2023) who utilized the virtual design
environment to aid the learners’ design process. Their
findings revealed that it was more efficient when
compared to non-immersive methods while also
increasing learning motivation.

When spotlighting the scientific creativity factors,
the results showed that, after studying, learners had
higher divergent thinking, in all three skills of fluency,
flexibility, and originality when compared to during and
before studying. According to Table 3, Hu and Adey
(2002) referred to fluency, flexibility, and originality as
important elements of divergent thinking. This went in
accordance with Torrance, but in the context of scientific
creativity, scientific knowledge was applied. This was
accomplished through activities where fluency and
originality were practiced by identifying the highest
number of socio-scientific issues. Then together, learners
categorized the problems that assisted flexibility. This
supported Lu et al. (2022) who mentioned activity
settings where learners could achieve both individual
and group work. They explained that group work via
brainstorming activities could enhance fluency as
learners were open to diverse perspectives from peers.
Furthermore, activities, wherein learners could design
and develop works, alongside the tasks, identified
by teachers, could contribute to divergent thinking
development (Bulut Ates & Aktamis, 2024). In terms of
convergent thinking, the results showed that learners
acquired higher skills in analysis and synthesis as
well as evaluation and selection after learning when
compared to during and before learning. It was found
that providing opportunities for the learners to analyze
and select issues as well as finding solutions using
scientific knowledge could promote their scientific
creativity (Yang et al., 2019). It could be observed that
the Showcase space promoted learning exchange to
help them improve their work, build motivation for
adjustments, and enhance creativity (Putri et al., 2023).
The analysis and synthesis as well as evaluation and
selection from ideas exchange was a crucial element
in the innovation and creativity development process
(Baruah & Green, 2023).

I Conclusion

The virtual studio learning environment enhanced
learners’ scientific creativity via activities that integrate
STEAM education and socio-scientific issues. It provided
the opportunity for learners to incorporate knowledge
from multiple disciplines for work design and
development to solve problems that are of learners’
interest. Aside from the space, another significant
aspect was the activity design that helped learners
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practice thinking. It could be accomplished by intro-
ducing topics that learners preferred and allowing for
trial and error during the process which could lead
to the development of learners’ scientific creativity.

I Recommendations

Firstly, educational institutions are recommended
to integrate STEAM Education with socio-scientific
issues and use it to promote active learning. VsLE is
suggested to be integrated in such teaching context
to develop scientific creativity, as a part of scientific
literacy.

Secondly, the use of STEAM Education with
socio-scientific issues (STUDIO) is regarded as an
integration of scientific knowledge and skills along
with related fields of study such as mathematics,
engineering, technology, and art, under socio-scientific
contexts. Therefore, teachers could adapt this approach
to the context they are working in to improve scientific
creativity or literacy by integrating such scientific
knowledge and skills to activities.

Thirdly, leamers could bring VsLE and STEAM
tools to develop scientific creativity. This is because
it offers ways to participate in learning activities based
on their interest, which meet the differences in terms
of learning style.
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I Abstract

This research aims to create an application to assess students' emotions in the classroom to be tested using artificial
intelligence with a sample of students aged 18 years old and over attending schools of the Vocational Education Commission.
This application uses the faces of volunteers in Kanchanaburi and Nonthaburi provinces to train models with images from
FER2013 and the sample group to test the application in Nakhon Nayok, Phichit and Khon Kaen provinces and in Bangkok.
The application uses computer vision with Haar's facial detection algorithm and convolutional neural network (CNN) to make
predictions. If the Al finds an emotion, it will count the frame and count the cumulative frequency of the seven emotions.
The positive emotions include natural resting emotion, happiness, and surprise, while negative emotions include sadness,
fear, anger, and disgust. The training model was programmed to allow artificial intelligence to analyse the learners’ faces.
A webcam was connected to a portable computer while teaching in the classroom without recording video or sending data
to be stored on an online server in order to protect the privacy of the volunteers. The research found that: 1) the application
had an accuracy value of 0.6288 and interrater reliability value with an average accuracy of all emotional states of 0.8 and
2) the application trial found that room environments affected the face discrepancy recorded by the camera. The learners'
actions affected the analysis of facial emotions, for instance some students wore masks. The assessment of the students'
emotions showed that normal emotions were the most common and no students had the emotion of disgust. After analysing,
it was found that positive moods accounted for 71.19% of all moods, while negative moods made up 28.81%. The Al application
is able to generate a graph in real-time which can highlight if an individual student is consistently sad to prompt the teacher
to help them. Moreover, teachers can use the graphs to improve teaching and learning.

Keywords: evaluation, emotion, artificial intelligence
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Figure 4
The Research Phase is Based on D.School
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Figure 11

Assessing the Emotional State of Learners in the Room With Artificial Intelligence
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B Abstract

The objectives of this research were to study 1) the problems encountered by students, 2) the operating processes
of the student support system, and 3) the recommendations from stakeholders for operating the student support system
in the next normal era. This study examined the case of one school under the Office of Special Education Administration
in the southern border provinces. This study used a semi-structured interview protocol, observation form, and document
analysis as research instruments. The interviews were conducted with 11 stakeholders. The collected data were analyzed
using content analysis. The data triangulation technique was used to promote trustworthiness.

The results showed that the problems faced by students include physical dimensions, technological readiness, teaching
and learning, student mental health, and family and social relations. The study also found that the operating process of the
student support system includes getting to know individual students by interviewing students and parents and visiting their
homes to record an online database system, screening student cases by resident teachers using the Strengths and Difficulties
Questionnaire (SDQ), preventing and solving the problem by adding an investigating room, promoting positive disciplines,
deducting a behavioral score, organizing relevant activities, and conducting moral and ethical training, promoting student
development by providing opportunities for students to demonstrate their abilities, participate in academic skills competition,
and receive vocational skills training, and referring the cases to school Islamic teachers or external agencies, such as other
appropriate schools or drug dependence treatment hospitals. Furthermore, the recommendations from stakeholders to
support students in the next normal era include intensifying the screening of students, using information technology to
create a student database, and supporting every school to have a psychologist.

Keywords: student support system, next normal, special education, southern border provinces
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Il Abstract

This research aimed to estimate the total correlation matrix of factors associated with social media literacy and to
develop a suitable meta-analytic structural equation model describing these associations. The study employed the following
methods: Firstly, a comprehensive search for research articles between 2019 and 2022 was conducted using Google Scholar,
following the PICO principles, resulting in the retrieval of 1,290 research articles. Subsequently, a refined selection process
based on PRISMA 2020 criteria yielded 11 research articles that met the inclusion criteria. Furthermore, publication bias
was assessed, which indicated that the effect size of social media literacy was independent of sample size (t(25) = 1.018,
p = .318). Homogeneity was also tested, revealing that the variance of the correlation matrix significantly deviated from
zero (Q(26) = 865.028, p < .001), indicating high variability within the total correlation matrix. The key findings of this study
included the identification of six factors through the analysis of the total correlation matrix. These factors encompassed social
media literacy, internet skills, digital learning platform management, attitudes, commmunication through social media, and
meta-cognition. Additionally, a comprehensive model comparison revealed that the best-fitting model highlighted indirect
influences on social media literacy. Specifically, social media literacy was influenced indirectly by digital learning platform
management, communication through social media, and meta-cognition through the intermediary factor of internet skills.
This research provides valuable insights into the multifaceted nature of social media literacy and offers a comprehensive
framework for understanding the interplay among these crucial factors.

Keywords: social media literacy, MASEM, teacher students
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Figure 1

Selection of Research Searches Using PRISMA (2020)
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Figure 5
Model of the Relationship of Social Media Literacy Variables (Model 3)
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of Mathematical Problem Solving Skills and Real-Life Connection Skills
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n1s3fladuuuuasATINLATLILLENadAlsEnauzasinwen1suilandlani
nuAfnAansLazinuenisdaulaludinadeaaviiniSaussaulseaudnu dandailnmnil
Suleeha Masae', Afifi Lateh', Areeyuth Sama-Ae®, and Hamidah Musor®
A8an ez, adAN andiz’, a13ana auaua’, waz andine yaa®
'Department of Research and Evaluation, Faculty fo Education, Prince of Songkla University
'g12157n15598uas sl ANSANIAARS ANIINENAEAIIATYATUNS

’Department of Mathematics and Computer Science, Faculty of Science and Technology, Prince of Songkla University
2gradmadnmansuasinginisnaniunas augingmansuazinaluladl uniingnasasaariasuns
3Department of Curriculum and Instruction, Faculty of Education, Prince of Songkla University
351’1?lﬁzr’ma“ngmsuazmiﬂau AQEANIAERNS NN1INENaEAIIATUATUNT

*Corresponding author: afifi.l@psu.ac.th

Received April 17, 2024 B Revised June 6, 2024 B Accepted June 7, 2024 B Published August 26, 2024

Ell Abstract

This research aimed to diagnose mathematics problem-solving skills and real-life connection skills holistically and
separately for primary school students in Pattani Province. The target groups consisted of 11 mathematics teachers in grades
5-6, selected through purposive sampling, and 463 students in grades 5-6 in the second semester of the academic year 2023.
The research instruments included a survey questionnaire focusing on fraction problems and diagnostic tests for assessing
mathematics problem-solving skills and real-life connection skills. Statistical analyses included percentages, means, and
standard deviations.

The findings revealed that students generally understood problem-solving skills were at a good level, with strengths
in understanding the problem, planning, and concluding. However, the implementation of problem-solving strategies was at
a moderate level. Students lacked a deep understanding of fractions, which hindered their ability to apply this knowledge
to real-life situations. Additionally, they showed a limited understanding of other subjects. Overall, the ability to connect
mathematics to various topics and daily life was good, but connections to other subjects were at a moderate level.

Keywords: holistic diagnosis, component separate diagnosis, diagnostic test, mathematical problem-solving skills, real-life
connection skills
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Figure 1

Examples of Diagnostic Tests for Mathematical Problem Solving Skills and Sample Answers
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Table 2

Diagnosis Results of Mathematical Problem-Solving Skills from Diagnostic Test for Mathematical Problem
Solving Skills
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Table 4

Holistic and Component-Specific Deficiencies in Real-Life Connection Skills
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Examples of Diagnostic Tests for Real-Life Connection Skills and Sample Answers
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Figure 4

Examples of Diagnostic Tests for Real-Life Connection Skills and Sample Answers in the Component Linking

Mathematics with Daily Life
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Effect of the Advanced Systematic Thinking Process GPAS 5 Steps
Combined With Six Thinking Hats and the Mindmeister Application
on the Analytical Thinking Ability of Mathayom 5 Students
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B Abstract

The objectives of this research were 1) to compare the analytical thinking ability of Mathayom 5 students before and
after learning management using the advanced systematic thinking process GPAS 5 Steps combined with six thinking hats and
the Mindmeister application, and 2) to study the development score or gain score of analytical thinking ability of Mathayom 5
students after learning management using the advanced systematic thinking process GPAS 5 Steps combined with six thinking
hats and the Mindmeister application. The sample group for this study comprised 42 Mathayom 5/2 students, obtained from
cluster random sampling, using the classroom as a random unit. The research instruments included a learning management
plan, which took eight hours, and a multiple-choice test with four options and 30 questions to measure analytical thinking
ability. The statistical analyses employed mean, standard deviation, a dependent sample t-test to compare the pretest and
posttest scores, and development score or gain score.

The results of the research revealed that 1) students had higher analytical thinking ability after the learning management
than before the learning management, with statistical significance at the .01 level, and that 2) the development of students'
analytical thinking ability after the learning management was at a medium level, with relative development scores increasing
by an average of 35.47 percent.

Keywords: analytical thinking, advanced systematic thinking process GPAS 5 Steps, six thinking hats, Mindmeister
application
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Figure 1
Conceptual Framework
NTOUKWIANNITITE

o = b4 .
N133AN15L58U3 (Learning management)

NITUIUNITANYUEAUVITTUY GPAS 5 steps

(Advanced systematic thinking process GPAS 5 steps)

d % 1%

AN 93UINVoYa (Gathering: G)

' v
o

Uil 2 TheTeiLazasuaus (Process: P)

ui 3 Udhnazasuanuindin1sufon (Applying 1: A1)

Wil 4 deansuaziinaue (Applying 2: A2)

Fuil 5 Ussiuiloiunuandnisdinuas dnansnue
(Self-Regilating: S)

(Institute of Academic Development, 2018)
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m TnqissauAn133de (Objectives)
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ﬁm%ugu%ﬁsw GPAS 5 Steps saufuwatianuan 6 Tu
wazleUndiatuIngndlanes

El §uNfgIun133de (Hypothesis)
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Steps saufuwAliavLIn 6 Tu uazleundladunenilanes
genitneun1sdanisiteus

Bl N52ULUIAANTFIAY (Conceptual Framework)
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— (Analytical thinking ability)

1

N15ATIL9ANEIARY (Important analysis)
MMTIATIERAINEUNUS (Relationship analysis)
MTIATIZANENNTT (Principle analysis)

(Bloom, 1956)

. in@v (Facts and data)

. vandan (Negativity)

. NELndes (Positive and value)

. IR (Emotional)

. MINATE (Creativity)

. nndinity (The big picture and managing)
De Bono, 1985)

N U1 AW N -

—~

wadianuan 6 Tu (Six Thinking Hats)

AZLULNAILINTAUNNS
(Development Score or Gain Score)

(Kanjanawasee, 2013)

waUwaladuanenilanes (Mindmeister application)

waUndntudnsuasiaukusnuAnaaulal
(MeisterLabs GmbH, 2007)
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Figure Displays the Results of the Synthesis of the Learning Management Process
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1. Ainsendeyalagldadnidanssaun (Descriptive
Statistics) lei Aads (W) drudeauusnasgiu (SD)

Table 1

2. Inspvideyalonnaouanfigy (t-test depen-
dent samples)

3. APFIZRATLUUNMUINTFUINS (Development
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LUUNAZOUNDULAZMAINITIANTSEU; MUkLIAnYeY
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Displays a Comparison of 30 Multiple-Choice Question Students' Analytical Thinking Skills. Before and After

Learning Management Using Advanced Systematic Thinking Process GFPAS 5 Steps With Six Thinking Hats and

Mindmeister Application
HaMTUSEULTEUAIINE 70N TANTN AT IwvesiniSeunqus e nduthuuumnaeurdatsie 77U 30 o
NoUkaLVaINITINNISISEUTAIENTHUIUNITARTUGUTITYUY GPAS 5 Steps Faunuimaianian 6 Tu uasusunaindu

ugadFnes
N15AMLTIATIZI ATLUULAY AzLUUNDUSaU AZLUUNEIS U
M M SD
AT zvieeAUsTNaY 10 3.17 1.06 6.02 1.02 11.907** <.001
AATITRANMUFUNUS 10 4.52 1.33 6.36 1.17 7.194%* <.001
AAS1LANANNNS 10 4.62 1.58 6.50 1.04 6.635%* <.001
334 30 12.31 2.78 18.88 2.05 11.209%* <.001

370 Table 1 WU ANUANNTANIANTIIATIEN
vasnSeunaIn1dinnsituiandineunsianisiseus
| Aw o W aad o a a ]
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Wiy 18.88 uazAndsauuIAsgIL (SD) Aeun1sdn

NsEgUIWINTY 2.78 aansdanisiseusiviniu 2.05
dedwumdusiediu wuin 1) n1siesieh
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Aads (W) ndemsdansBeuivindu 6.02 uazAndeauy
WINTFIW (SD) NBUNITIANITIEEUTIINAY 1.06 nas
NM3IANIBEuIvnAY 1.02 2) Mlasgvianuduiug
finzuuuads (M) reunisdanisBouiivindu 4.52
vdamsdnnsBeuiviiiu 6.36 uazAndoauuannsgu

Table 2
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(SD) feuMsIANIsEEUYAY 1.33 ndamsdanisiseus
Wity 1.17 wag 3) melessindnnis fiazuuulade (V)
feuN1sIANISREUIIVNGL 4.62 ndan1sdanisiseudvindu
6.50 wazAndoauumsgI (SD) AeunsdansGeus
Wi 1.58 naensianisiSeusivindu 1.04

Development Score or Gain Score of Analytical Thinking Skills of Students After Learning Management Using

Advanced Systematic Thinking Process GPAS 5 Steps With Six Thinking Hats and Mindmeister Application
AZULLRININ AN NAINAINITONITAMIN AT IZY NN IUNAINITIANISISEUTAIEN T UIUNITART UG
19952UU GPAS 5 Steps SaAusAilaian 6 luuasuounamtusigaiames

fauReu nag3ey WaIwIN15dunms (Savaz) STAUNAIUINTG
1 17 23 46.15 WAIUINITIZAUNAN
2 12 21 50.00 WAIUINITIZAUNAN
3 16 20 28.57 WRAIUINITIZAUNAN
4 17 20 23.08 WAILINTTEAUAU
5 15 16 6.67 WAILINTTEAUAU
6 8 21 59.09 WAIUINTILAUGS
7 7 22 65.22 WAUINTTLAUGS
8 15 18 20.00 WALINITIZAUGU
9 13 20 41.18 WAIUINITIZAUNAN
10 13 20 41.18 WAIUINITIZAUNA
11 7 19 52.17 WAIUINTILAUES
12 9 20 52.38 WAIUINTIEAUGS
13 14 21 43.75 WAIUINITIZAUNAN
14 15 18 20.00 WAILINTTEAUAY
15 12 17 27.78 WAIUINITIZAUNAN
16 14 18 25.00 WAIUINTTEAUAU
17 15 21 40.00 WAIUINITIZAUNAN
18 12 19 38.89 WAIUINITIZAUNAN
19 12 16 22.22 WAUINITTZAUAU
20 12 20 44.44 WAIUINITIZAUNAN
21 9 21 57.14 WAUINTILAUES
22 13 20 41.18 WAIUINITIZAUNAN
23 10 16 30.00 WAIUINITTZAUNA
24 11 20 47.37 WAIUINITIZAUNAN
25 13 20 41.18 WAIUINITIZAUNAN
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Table 2

(continued)

uniseu fioulzeu nadSyU WaWIN1saunms (3evaz) FEAUNAIUINT
26 12 16 22.22 WAUINITIZAUGU
27 16 16 0.00 TaifWaunnas
28 9 16 33.33 WAIUINITIZAUNAN
29 15 16 6.67 WAILINTTEAUAU
30 15 18 20.00 WAILINTTEAUAY
31 12 17 27.78 WAIUINITIZAUNAN
32 8 19 50.00 WAIUINITIZAUNAN
33 11 20 47.37 WAIUINITIZAUNAN
34 11 17 31.58 WAIUINITIZAUNAN
35 14 17 18.75 WAILINTTEAUAU
36 9 19 47.62 WAIUINITIZAUNA
37 10 18 40.00 WAIUINITIZAUNAN
38 9 24 71.43 WAUINTTLAUGS
39 10 17 35.00 WAIUINITIZAUNAN
40 15 17 13.33 WALINITIZAUGU
41 15 19 26.67 WAIUINITIZAUNA
42 15 20 33.33 WAIUINITIZAUNAN

Aady 12.31 18.88 35.47 WAIUINITIZAUNAN
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A Case Study of Clean Energy Teachers for Change
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I Abstract

The research aimed to explore the experience of designing innovative mobile learning for environmental education
among secondary school teachers during the COVID-19 pandemic. This research was a qualitative study that collected data
through in-depth interview. The target group for the research comprised secondary school teachers participating in the Clean
Energy Teachers for Change Project, totaling 10 individuals. The research spanned from January to July 2023. Thematic analysis
was used to analyze the data. The research results revealed two main themes regarding teachers' experiences in designing
mobile learning innovation. The first one was experiences prior to designing innovative learning media; teachers selected
content for the learning innovation design based on local environmental issues and chose to develop it as mobile learning
due to its suitability for students' current lifestyles. The second one was experiences during the development of innovative
media; It was found that interpersonal interactions and work atmosphere helped inspire teachers in their work. The findings
underscore the significant contributions of design thinking and Professional Learning Community (PLC) engagement to the
success of innovative learning designs for teachers.

Keywords: innovative learning, mobile learning, environmental education
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Il Abstract

The research objectives were twofold: 1) to investigate the factors that foster the ability to create social innovations
among high school students in Thailand, and 2) to conduct confirmatory factor analysis and examine the influence of these
factors on students' capacity for social innovation. The research was carried out in two stages: 1) a systematic review of
relevant literature and 2) a survey of 514 high school students using a closed-ended questionnaire. Data were analyzed using
confirmatory factor and multiple regression analyses.

The findings revealed that: there are four key factors that promote the ability to create social innovations among
Thai high school students: technology and resources, learning, social aspects, and structure and processes. These factors
contribute to the development of three dimensions of social innovation capacity: creativity, integration of disciplines for
innovation, and social networking. The confirmatory factor analysis and multiple regression analysis of the factors showed
that the four factors were consistent with the empirical data, with statistical significance at the .05 level; they could explain
61% of the variance in the students' ability to create social innovations (R* = 61), with a correlation coefficient (R) of 0.78,
which was statistically significant at the .05 level.

Keywords: high school students, innovation creation, social innovation, factors influencing
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B n32ULUIAANISIAE (Conceptual Framework)

Figure 1
Conceptual Framework
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auysalfudnnu 514 au Andudewas 89.24
2.2 Lﬂ%‘laaﬁaLLaxmimmaaU@mmwmaqm%aﬁa
lunsive
2.2.1 ANWBNET WNAR NBY kavuIdy
st duszuuiieatutedefiduasunuaiunsalunis
a¥sassAuinnssuiledinuresinGeusysudulsendne
noulaneiiviinisdnvnfieldlunisadredarmaiuves
wuvasua N UaneUaluulInsdiu
2.2.2 AHUMSAS19TeMaNUUBILUUFB U
Tnermualassadedomanfiietuiladefidaasuniu
annsalunsadisasssuinnssuilodnuaesinBousysu
FussenAnwneularefidesnisinwinasdosnisinly
uRazilf
2.2.3 duvvgeuaufinnidunisadinasa
Buusesiausuierasefivinuiionsivdeunudaey
ANUMINZANVRITIUIUTRAINN N1 arFULUUYeN
Fosauiiasstuitetunuiuusudla
2.2.4 dhuvvasuaudisndunisadneguler
AVI59RA0I 3 YNy asvEeUAMURsISLE e neRansan
Araenadassyuisdamauiuomuas gasmaned
78371730 (Index of consistency: 10C) lngiyNTIAnIAl
F1uru 3 i liun Gidsrmgiuninnssudiedany
U 19U 9191583 neMsadsassRuianssuves
UnBousydutustsenfnunoudats $1au 1 i uay
Adrmaiunisdaatunsaisassduinnssuileden
Tugay 91w 1 v Namimnaammmwméaqﬁa
JdARstauEenAR0ITILWINAU 0.96 INNIIATIVEDY
sutianuaenanedlaan 10C agluyae 0.87-0.96 lnevin
Foranulafitidn 10C 1nnd1 0.5 waneideranuiiy
gonnassnulenudmiwazarunsainlvldauls winde
fandladifien 10C fndn 0.5 {Afpazfinnsanuiuuse
wilALgawuLYn (Rovinelli & Hambleton, 1977) mﬂﬁ?u
FAfusudunisiuenarsiiiefinnsanvedunisiuses
S3usssuluau WediunisRiansanudieiiunisi
Lﬁ%‘a\‘iﬁaLL‘U'UﬁE]‘LIﬂ’]lIE]E]ﬂiﬂl“ﬂUﬂ’liﬁ’]‘i’Jﬁ]Lﬁ@tﬁu%@yja
WWeUTuneu
2.3 N1353UTINteya Uiuvasuniuguuuy
soulavifiudoyatunquiiods Tnsutssedudy
Tseufnun 9 ¢ 97 5 uas9 6 Suruseiutuas 12 au
synduduu 36 auluudaylsaSey saudu 16 lsaSeu
4 gina laun nnawile neny usenideanile MAna
wagnAle
2.4 MylATvideya JIdBuUTinTgitey
panlu 2 nau loun
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2.4.1 Aps1esiesrusenouldeliudu (Confir-
matory factor analysis: CFA) Tngtdun1siinsngsinnumnss
Walaseas1evesladeuazosrusenau 1nensIaaauAINy
donAdassILILBIAYsENa LAY Na IR UsENa UANL
Funaulun1side daUszneudie dumeluladuay
n3NeINT Munsiseu; auden Yadeddlassainaiay
NILUIUNNT UagANUEINNTalunIsas9assALIRNT S
iiodsnuvesiinFousysutuisouAneneulats Buain
nsfmuadeyadlnizvenTinesdusenauledudu
Tnefiasanan Chi-square p df nauNaUTUTBULTIBU
(Comparative fit index: CFI) asilinszaumuaonndes
Wisuiiieu (Tucker—Lewis index: TLI), safisnilaoafds
doade (Standard root mean square residual: SRMR)
wazA1sINYeIALdsdiaewatauAaInAdeulag
Uszanae (Root mean square error of approximation:
RMSEA) TunisiansananuwmisngaulunIwsia Hair et al.
(2018) Igrnuanaminseeusuildlunisasivaeunny
aenndosvasiladouazesdussnouiiimuntutudoyaids
Uszdnsluanunsaiiunnsietu

2.4.2 Anzvimianneglianvan (Multiple
regression analysis) kuUthETiamun (enten) lnems1asou
Fonnaaiesduvesnet fie 1) msnaaounulunis
nszaekuuUng (Normality test) 2) nsVAdauUnTIET
Mwlsdaseiinnuduiusiuas (Multicollinearity) 518
asBeaduelull 2.1) Msnagounuliunisnszaeuuy

Table 1

Unfinae Kolmogorov-Smirnov test 2.2) N153LAT1Z A
11 Q-Q plot Inemagdause Absolute ZSkewness Lag
Absolute ZKurtosis suuwiRnves Kline (2011) finaiin
wndeya Absolute ZSkewness fdftpenin 3 uay
Absolute ZKurtosi iimiesndn 10 wansliiiuin fdnuugy
nsnszaredunisuanuasuuln® n1snaaaunIzd
FuUsdasrilanuduiusiveas (Multicollinearity) Iagns
Hnowai Tolerance fFn 11nndn 0.1 wazen VIF deen
171 10 WiensnasuindnUsdasylifinnuduiustues
(Hair et al, 2010) ilonaumamMsIdouas Inquszasd
o 2

B nan13238 (Results)

nansiteduneud 1 wanisdunszvidadouay
9arUsENaUTeINTasassAuTAnsTuidIny n1539
wnansegnluszuu lnglnseit dueszi wasdnngu
peRUsEnauiisatestuauaiunsalunisadneasse
winanssuitedsay Tnesuwunmnuaunsafindonduas
aoandeatu dnnguvetesdusznauiianansaeglungy
Weaduld Tnedideaiunsowdsnguanuaiunsalunis
a¥sassAuinnssuitedeny Faduiuysaalumudded
WU 3 $7U 1) ANNAINNTARIUNTAS9ESIA 2) AU
mmméﬁumiyimmimam%tﬁamsa%ﬂaaﬁﬁ 3) A
aunsasnunsaseaseYIensdeny asulalu Table 1

Synthesis of Components of Ability to Social Innovation Creation
919 NAUATIEHONAUTENOUYBIAIINEINITOIUN ST T NATIAUTANTIUNOAIAU

nguANNEITaNTMUNLA

ANUENNNTANUNTAS9ETIA

Vinwen1sARasNEsIA MIAndagn v v v v v v v v
usagslalildugvs v v v v v
ANuasERnlunuAuInns Y v v
Jinwgmanalulad anuansalagdnenw vV v v v v v v v v
gnsufuR unlem
avundudii nddindula v v v v v v
AHALITAATUNITYTUINITANARS
diensasaassd
ANY ANANLNTOTINTEUIUNNT v v o v
miLLﬁNmmmi‘lmj wanNuane dasy v v v v v v v v
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Table 1

(continued)
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nguANNEITaNTMUNLA

ANUAREANEL v
mstngnennnuAngitvang
ANUANIAATUNITATNLATEY BN IR

Aududiy Sausssunisildiusiy fnue v
mMdsnn nsuwaniUdsudayauarAuAn

AIATENUN AMNSURATDUABEIUTINLATEIAL

ASAATIUIN 4

v o v v
v v v
v v v v v v
v v v v v v
v v

veLne 1) Prajanket and Nanthachai (2014) 2) Mageswari et al. (2015) 3) Porcini (2015) 4) Gaynor (2015) 5) Oganisjana et al. (2015)
6) Sutthawart and Pasunon (2015) 7) Day (2022) 8) Unceta et al. (2016) 9) Lo et al. (2015) 10) Blackman and Chan (2016)

11) Office of the Public Sector Development Commission (2018) 12) Pornsawan et al. (2019) 13) Urip et al. (2018)

14) Carvache-Franco et al. (2018) 15) Chen et al. (2015) 16) Sutthijakr (2019)

mﬂﬁu'uﬁié’aiﬁimmsﬁuazé’qmiwﬁﬂﬁaﬁmﬁumi
ahwassruimnssuiledsn (idenvienasuasnuide
ffeadestunsduadunisaisassduinnssuiiodsny
%dLi‘fJué'hLLﬂié’uﬁ;ﬁ%’&Jauhﬁwmiﬁﬂm f3de1nan
Aneinarinnguiadvdadiunsaiiassduinnsile
FonuTinuluemAdesng 9 iflanudenndosuasunnseiu
Tngdnhmssdantanguvestodvduaiunisaiasse
winnssuitodsen Fefideanansautenguadenu ¢ sy
el 1) Yedesumeluladuazninenns Usznaude
1.1) weliladifiensnunusazdnduls 1.2) vineins

Table 2

Synthesis of Factors of Social Innovation Creation

915 NAUATIZHTITEUTITUN ST NATTAUIIATSUWOAIAY

uywdRTaRIngy way 1.3) nineinsdmiunsamu
winnssu 2) Yadesnumsisens Useneusme 2.1) nsyuiuvie
neEEL3 2.2) AseanavnsersuailunsBeuiuasnsiaun
vinwe way 2.3) msUszidlunauagnsioansiiioniswiun
3) Jadeudenu Usznaudie 3.1) meudaudie 3.2) i
MIBEUIWUUHAILII uag 3.3) Aflensaal (Share values)
mslvinauen nseeusu 4) Tadedalassasuagnszuiung
Usenoude 4.1) Tnssadauazeuduesdnafidesenis
dndula ua 4.2) femnasuaznazurumsidaia aguldlu
Table 2

naudadeudazdundwunld

Jadumumaluladuasnsnens
wAlulagiian1saauwazfnaula
NINYINTUYWENTANNT I Y

NINYINTEUTUNTAMUUTANTTH

Uadesunisiteus

U L4 a ¥
nszUIWiAInNsFeus 4

ﬂ'ﬂ’]ZLIQaWW]’N’e]r]illiln“Hﬂ’]iL%ﬂu%LLa%ﬂ’]iﬁ@uu’lﬁﬂU%

AsUTEUNALAT N SHRANSIENSHAILN

v v v v v
v v
v v v
v v v v v
v v v
v v v
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Table 2

(continued)

naudadeudazdundwunld

Jadeaudeny

a '

AMAANUTINLD v

Y
= =

wunsiSeuiiuuildusy

Anflgusanl (Share values) Mslvinnue Nseausu
Yadudalassasiaiaznseuiunis

Tassatuazanuduesdinsfieronisinaule

JORNAILALNTLUIUNTNY ALY

v v v v
v v v
v v v v
v v v
v v v

e 1) Khutrakun (2013) 2) Cawley et al. (2010) 3) Blass and Hayward (2014) 4) Neumeier et al. (2017)
5) Choi and Lim (2017) 6) Urip et al. (2018) 7) Carvache-Franco et al. (2018) 8) Portales (2019) 9) Triana et al. (2020)
10) Monkeviciene et al. (2020) 11) Gupta et al. (2016) 12) Wang et al. (2024)

INNNTAUATIENDIAUTENBUTBIAINUANITO LY
nsadasseuianssuiiedinunasJadefidaasuainy
anunsolunsassassauimnssuiiodanulu Table 1 uaz
Table 2 {idvazhnanmsdanszilugnmseonuuuieiesie
AdlumAtotunoud 2 Lﬁaﬁﬂﬂajmiﬁ'wmLmuaaumu
ieateatuladeduasunuaunselunisadeasse
WinnssuiiedinnvosinGeussiutusenAneneulans
foll

nansIsetuneuil 2 nansiasEesdUszney
W udulazAnwdndnavestaduduasunisadeassa
winnssuiiedinuvesindousssutussonnmneulans
Tuussmalne {Aselddidunsthiudsildfnuunaing

Table 3

ireasiefeluguuuuLuUasUn AU Tyl sUTIM
ntinBeussdutussoudnwneulanslulsenelne
uiazgfinia sauaausiuau 514 au uazthdeyaids
USunauuniimsisesAuseneudeduduiiiofuduniny
gonnassweIlade 4 iu Usenaume aunaluladiag
n3NINT Munsisen; cuden Jadeiddlaseainaay
NITUIUNTT WagAuaunsalunisadeassauinnssy
iiedenuvestnBoussiutulseudnuineulansldna
N15A5E9 tneausaasunanisnsivaeudadenay
Ymihesdusynevluudaresdlsynauresiadousazdnu
faseazidealy Table 3

Model Validation Results and Component Weights for Each Aspect of the Model
#13N0aN 19 T9Fe VT TEaz I IInevAUsEna Uluus Az 99AU TN UV TaTEUN AL A 11

AuUs b B SE t p R
Fauuseu
Uadeaumaluladuaznineins
weluladifienisnaunuuazdndula 0.95 0.88 0.04 26.41 0.00 0.78
ninenIHyERTAIdE Yy 0.99 0.91 003 2894  0.00 0.84
NINYINTENTUNTAMUUTANTTH 1.00 0.87 0.00 - - 0.75

X*=3.79,df = 1, p = 0.05 RMSEA = 0.07, CFl = 0.99, TLI = 0.99, SRMR = 0.01
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Table 3
(continued)
Aanus
Jaduaunstens;

nsEUINTImINISIFeus
AnsaaIaneesHailun1sSeuilarMsiRTInYe

sUsElluNaLaTNSHRANSBNSHAILN
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0.97 0.93 0.02 41.09 0.00 0.86
1.00 0.95 - - - 0.90

0.98 0.94 0.02 42.53 0.00 0.88

X*=3.73,df = 1, p = 0.05, RMSEA = 0.06, CFI = 0.99, TLI = 0.99, SRMR = 0.01

Jadeaudeny

a '

AMAANUTINLD

& A a 1% a '
‘W‘Ll‘Vlﬂ”lﬁLiEJ‘ug BUUHAIUIIUN

Aflewusau (Share values) nslvinauAnisgeusu

0.96 091 0.03 36.27 0.00 0.83
1.00 0.96 - - - 0.91

0.91 0.88 0.03 33.00 0.00 0.77

X* =3.65,df = 1, p = 0.06, RMSEA = 0.07, CFl = 0.99, TLI = 0.99, SRMR = 0.02

JadeaudalasIdsIauasnIEuIUNIg
Taseasanazanudussdnsiidesenisindula

YOANAILALNTEUIUNSTITALIU

1.00 0.95

0.00 - - 0.90

0.96 0.92 0.02 40.79 0.00 0.85

X* =3.63,df = 1, p = 0.06, RMSEA = 0.07, CFl = 0.99, TLI = 0.99, SRMR = 0.02

faudsnnu

awansalunisadeassiuinnssuiiedanus
ANAINTOATUNTESNATIAUTANT TN
mmamﬁaﬁmﬂ'131%1simmimam%lﬁamﬁa%ﬂaaﬁﬁ

ANUAILNTOAUNITAS AT BYNIHIAL

0.92 0.87 0.03 32.33 0.00 0.76
1.00 0.94 0.00 - - 0.88
0.99 0.91 0.03 36.99 0.00 0.82

X*=594,df = 1, p = 0.05 RMSEA = 0.06, CFI = 0.99, TLI = 0.99, SRMR = 0.02

Mnduiteldsidunsmavinannslinsgy
msmaaﬂL%awmmsum{]ﬁﬂﬁdaLa’%mmsa%ﬁnaisﬁ
uinnssuitedsrmasinFoussiuiuisondnumaeulany
WU NEIATIENUTUALESHANUENNTALUNTES9ETIA
winnssusitedsrmvasinSoussiututseudnuneulany
Tnetldodaasurmuanunsalunsassasshuinnssuiie
HmmasinFoussiuduisenfnwmeutats Ussneusy
aunalulaguazninegins aunisiseul Arudeay
sulassasaznszuInng Wudulseu Inedulsany
Ao mwaunsalunisasisassuinnssuiiodiauaes
YnBoussiutuiseudnunoulaty §18n153iAs
mﬁmaaaL%awm@muwﬁwﬁwﬁgwm Taedin15msI9dau
Fonnaatestuvasineds Ae 1) msnadeumudiuns

NSEABRUUUNG 2) MsvadeunmeiifuUsdaseiiany
duuditugs TeazBondetoluidl
nsnageuAudunisnsyatguuuUnfinig
Kolmogorov-Smirnov Test Wu31 ANuEINNTalunIg
a¥assruianssuiiedinuvesindeusysutuisendnm
neuvUaneiianwarnisnszangliidunsuanuaswuuuni
gl daymnsadffisesiu .05 (Kolmogorov-Smirmov
= 0.96, p = 0.00) usileAasridEnIm Q-Q plot WU
nsmiidnvansnsrmaidunisuanuasuulni nieus
dleveaausg Absolute Z,, e W0% AbsOlUte Z
MMUWUIAAYDS Kline (2011) Nind1331 Mndayla Absolute
Z fledeendi 3 uaz Absolute 7, fidnidosndt 10

Skewness

wandliiiug andeyailewiunansliiiiuiinuauise
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Tunisas1eassAuinnssufisdsnuvaadniS e useaudty
Psoufnwineulansfidnuarni1snszaedunIshanwad

Table 4

wuuunf Aes1eaztdenly Table 4 uag Figure 2

Results of Testing the Normality Test of Data on Youth's Ability to Create Social Innovations
HANITATIVAOUNITUINUIIUNFYBITBYARNIINAINITOIUNI ST NATSAUIANTTUTOAIALYOILE1ITY

fauds

Kolmogorov-Smirnov

Statistic  df

AMUENTalUNg 96 509 .00  -0.24
A519ETIAUIANTTY

\edwnuvosinSeu

sysfutusioendnu

nauUany

Statistic Std. Error

Skewness Kurtosis

Absolute Statistic Std. Error Absolute

Skewness Kurtosis

0.11 2.18 -0.63 0.22 2.86

Figure 2

Q-Q Plot of Youth's Ability to Create Social Innovations

Q-0 plot ArmamIsalunisaswassauinnssnioasnuveviniEyussauTlseuanwInoulaY

Normal Q-Q Plot of ANNENLNTIUNTAS19ETIAL TN TUN DR IAN VD LYY

2

-1

Expected Normal

.2

-3

41

T T T
1 2 3

T T
4 5 6

Observed Value

miwmaaumwﬂlﬁaLLUiaaszﬁmmé’mﬁuﬁﬁuqq
(Multicollinearity) lnanslginas Tolerance dfn unnn
0.1 wawen VIF fiensinngn 10 azuamdlidiuinsuusdasy s
ANUFUNUSAULEY (Hair et al,, 2010) N5ASIvERUALUT
dasglaifinnuduiusiuies wuin Tolerance aglugas
0.13-0.20 uagAn Variance inflation factor (VIF) aglugas
5.10-7.50 Sngazidunna Table 3 wanalvildiuin nsesiaseu
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n3NeIns Munsiteu; audian Jadedalaseaiaiay
ASTUIUANS @115085U18 ANEIUNSOLUNSES19ETA
YINNTSUDAIALVRIINS B UTLAUT U SEUAN M BUUANY

Table 5
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9sawaz 61 (R? = 61) lnsarduuseansanduius (R)

Wi 0.78 pgsiiludAeynsatansesdvu .05 swazideun
lu Table 5

The Analysis of Factors Promoting Youth's Ability to Create Social Innovations
Nan1s A TIEAtseauasUAINE NI lUN T NaTIALINNTIUIWOAIAL YL 1IYY

Auls

R Square

Adjusted  Std. Error of

auwmaluladuazningins sunsiseus 0.78
Audsny UaddalasadsnanasnseuIunng

0.61 0.61 0.47

R Square the Estimate
199.12 <.001

lofionsannddszansannoemugailuguazuuy
fiu (B) washuysiimdszavnnnesmgaluguazuuy
1msgU (Beta) nuth dudinndadulszavdonnos
wygailugUazuuLIAsgILaNnTige (B = 0.27) agadl
oddymieadansedu 05 sesawnde sunisiBoud
(B = 0.26) egilideddymeadffiseiu .05 waztady

Table 6

el NaznTzUIUNT (B = 0.16) ag1slitudAgy
aad Y o 3 1% =
Meadifnszau .05 wisgnslsfimuagiumaluladuay
ninensendulseansannsenyaalusuaziuniinggu
Woeuiign (B = 0.12) ageliifeddyvnsatiafisedu .05
L o v dl

way Constant 1A 0.70 e 9ltiadAgy7szau .05 58
azldealu Table 6

The Predictive Equation Model for Factors Promoting Youth's Ability to Create Social Innovations
151NN FUANN 5V TTEaIaTUA NI 50 IUNITATNATIAUIAN TS HOTIANY DI 7YY

Unstandardized
Coefficients

B Std.Error

(Constant) 0.70 0.12
pruwmaluladuaznineans 0.12 0.07
AUNTSEUF 0.26 0.08
AUFIAY 0.27 0.07
YaduigalassadnalaznzuIunIg 0.16 0.07

Standardized Collinearity Statistics
Coefficients
Beta Tolerance VIF
577 0.00
0.12 1.85 0.06 0.20 5.06
0.26 3.46 0.00 0.13 7.50
0.27 3.71 0.00 0.14 7.04
0.17 233 0.02 0.15 6.71

B anilsana (Discussion)

91NN15FUATIZAONATT UNAIY waUISTET
Aerdetegradusyuvaunudadens 4 $1u uazian
ATITNDIAUTEND U B UTUMANUFURUS LA BNTNE
NnMsieszinsannssBannguuesdedefidimanie
AuENsaRenNsassassALIRnTsuiednuvesinGey
wuh adeste 4 gnu euduiusuas Svisnasenisdaas
mWSJmmm’Luﬂﬁia%miiﬁui’mﬂiiuLﬁaé’qﬂmaumwu
fiadl

1. Yadududenn Weinsanaduuszavdonaes
wigaluguazuuudu (8) ewnnfigaludidud 1 4
29AUIENIVLDY AD ﬁuﬁmiﬁﬂuimuﬁdau%m (B=0.96)
wniign aenadosiunslvianuddnyfunisiannssuy
Joauinnssuanmsaaiuiinsdouiiuuidniuie
ufuadsassruianssutilodeny Kumari et al, (2020)
TnemndinsduadufiuiinisSeusiuuiidmsmasdema
ThAnAuansalunsaseassiuinnssuiiedanures
Lwule
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Do,

a

2. YadesunisiFeus Wefionsandudsyans
anneenyAnlusUAzLuLRY (B) fidnsesaanidudiud
2 fpsAusenauges Ae ALAaIAINTUalluNTSYUS
uazsWaLWinge (B = 0.95) 1nnfign denndeatuauide
789 Triana et al. (2020) fi11 n1slaudAiutlade
aunsseus Jutdsneluyaraaisazienuaaiani
o1suaitlinsunsBeuiuasmsianvinuglvtianuseus
wardrunglunisadiassuinngsu wazmsiinszuiuvia
nsBeuifianansavilidndsteyanuiivenzauuas
W EINDRBNTES19dITARTANNNSALESUNTAS19ETIA
winnssuiiiednuvaaenivuld

3. Jasuidalassadanasnszuiunis WeRiansan
Adszavisamnosnyanlusuazuuuiu (B) fensosan
Judeud 3 flesdusznaudes fe Tassadrauazanudu
asdnsfidestenssnaula (8 = 0.95) 1NTign donRFDI
MAFe89 Choi and Lim (2017) 731 mslieudfiu
Padunoueniidemarionsinaudaiaun mlassadie
wazenaduesdnafidertenisindula Masadaiidandu
meldnalnuasdermuaiidunszuiunis (Chatthong,
2018; Neumeier, 2017) azgigdaasalyminniuaiuises
Tunsadeassfuinnssuiledinuvosenuuls

4. Yadusuneluladiionsnunuuasnsinauls
ofinsanddulsyavdanassnvgalusuasuuuivu B)
fimsosawndugsud 4 Tneflosiusznoutes fie ninenns
quéﬁﬁmmﬁimmm (B = 0.91) mmﬁqﬂ @onnaBInUy
uideves Portales (2019) i1 nsliudidyiu
nslimiwensuywdnianuidervglunisdaasals
AnnsadrsassauianssuiiodinuvesdnEeou vimind
aflouiiasauaruumnzuinnssutiliianuselowile
gV Snedainineinsnisasudielenialunis
amuliszavanudiia uagdedutladenisuoniids
w@sulonalunisadneassduinngsy saudnisidentd
wialuladilonmsmnaununseianisdnaulalunmsadeassa
Winnssufianuseneulandrudesnisvesdanuls (Blass
& Hayward, 2014) fazifudndadenilsiianunsaduady
THAnANaLselunsassasIEuTanssu o derunes
Uniseuls

Jadudreduidenalfiinarnuaiuisalunis
a¥sEssAuinnssuiledinuvestinGeusysuduisenfng
foulany 3 AINNEINTTA LAWA ANNAINITAAIUATS
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Il Abstract

This research aims to study factors affecting the acceptance of Microsoft Teams for blended teaching, and to
explore relationships among the factors affecting the acceptance of Microsoft Teams for blended teaching among lecturers
at Prince of Songkla University, Surat Thani Campus. By employing the convenience sampling method, 52 lecturers at this
university were selected as participants in this study. The research instrument was a questionnaire about the acceptance of
Microsoft Teams for blended teaching among lecturers at Prince of Songkla University, Surat Thani Campus. The reliability of
the questionnaire was 0.86. The data were collected via a questionnaire created using Microsoft Forms through online social
networking channels in the second semester of the academic year 2022. The data were analyzed using percentage, mean,
standard deviation, and Pearson’s product moment correlation coefficient to examine the relationships among the factors
affecting the acceptance of Microsoft Teams for blended teaching. The findings revealed that the lecturers’ acceptance of
Microsoft Teams for blended teaching was at a high level (M = 3.45). To illustrate, the lecturers’ acceptance of usefulness
was at a high level (M = 3.57), followed by attitudes towards Its use (M = 3.52) and the acceptance of intention of use
(M = 3.50) respectively, while the acceptance of ease of use was at a moderate level (M = 3.23). Moreover, the results
showed positive relationships among the factors affecting the acceptance of Microsoft Teams for blended teaching, with
a level of statistical significance at .01.

Keywords: innovative acceptance, blended teaching, Microsoft Teams
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Table 1

(continued)
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Il Abstract

This qualitative research aims to evaluate the quality of schools under the CONNEXT ED Foundation, using Key
Performance Indicators (KPIs) and the CONNEXT ED School's 360-degree framework, both developed based on the Digital
Age Concept that responds to global changes. A purposive sampling method was applied, targeting ten schools that met the
specific criteria of being small-sized and supported by educational resources from partners who established the CONNEXT
ED Foundation. Data was collected through checklists, semi-structured interviews, and focus groups of 220 participants,
including students, community members, parents, school committees, teachers, and school directors.

According to the quality assessment of schools under the CONNEXT ED Foundation based on the Digital Age Concept
that responds to global changes, the research results revealed six indicators. First, students have made significant strides
in their academic performance, particularly in future skills and sustainable development. However, further development is
needed in English, typing, and safe technology use. Second, community involvement is evident between the government and
private sector, especially in promoting local cultural identity-related skills. However, there is a pressing need for improved
communication to enhance collaboration and ensure efforts are aligned and effective. Third, teachers effectively utilize
resources for active and action-based learning. However, more support staff, such as ICT talent officers, and professional
development is crucial. Fourth, school directors effectively manage and utilize resources but need to develop digital-era
competencies, particularly flexible administration. Fifth, curriculum and teaching have been purposefully designed to promote
digital age learning through local curricula and activities, but there should be a greater focus on the effective integration of ICT.
Sixth, the infrastructure of most schools has sufficient resources but must improve their ICT skills in administration and learning.

Keywords: CONNEXT ED Foundation, CONNEXT ED School, digital age, school quality assessment
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Figure 2

Conceptual Framework for Developing Indicators for Quality Assessment for School Under the CONNEXT ED

Foundation Aligned to the Digital Age Concept That Responds to Global Change
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I Abstract

This research aims to present the knowledge structure, directions, and trends of research in personal knowledge
management (PKM) and its integration with artificial intelligence (Al). The study employed bibliometric analysis of journal
articles, proceedings, book chapters, and books on PKM and Al integration published in the Scopus database between 1988
and February 2024. Keyword analysis and co-word analysis were utilized to interpret the data. The findings reveal three main
concepts: knowledge management, artificial intelligence, and the science and technologies involved in integrating PKM and
Al. The knowledge structure of PKM and Al research is divided into five clusters: knowledge worker development, knowledge
sharing, artificial intelligence, knowledge management systems, and information management. The research also identifies
Al as a promising area for supporting PKM, particularly in knowledge acquisition, sharing and transfer.

Keywords: personal knowledge management, artificial intelligence, co-word analysis
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Figure 2
Research Workflow
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Figure 3

Keyword Co-Occurrence Network Representing of Knowledge Structure
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B Abstract

The objectives of this research ware 1) to create a model and determine the efficiency of question classification
models, 2) to develop a chatbot system for cooperative and work-integrated education, and 3) to investigate user satisfaction
with the chatbot system for cooperative and work- integrated education. The target sroup consisted of 68 fourth-year students
majoring in Information Technology at the Faculty of Information Technology, Rajabhat Maha Sarakham University, who were
undertaking cooperative education in the academic year 2022. The research tools used included: 1) a dataset of questions
related to cooperative and work-integrated education, 2) a chatbot system for cooperative and work-integrated education,
3) a user satisfaction survey questionnaire for the chatbot system. The research findings suggest that among the models
developed and tested for classifying question types, the Decision Tree and Multilayer Perceptron models achieved the highest
accuracy at 93.7%, while the K-Nearest Neighbors method reached 78.4%. Additionally, the developed chatbot system
for cooperative and work-integrated education, integrated into the Line application, demonstrated accurate and efficient
question-answering capabilities when paired with the model. Moreover, the overall satisfaction evaluation of the chatbot
system revealed a high level of satisfaction, with an average score of 4.63 and a standard deviation of 0.65. Overall, the
research indicates that the developed chatbot system operates efficiently and meets users' needs.

Keywords: chatbot, natural language processing, machine learning, cooperative and work integrated education
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Figure 1

The Process of Developing a Chatbots System for Cooperative and Work-Integrated Education Using the

Machine Learning Method
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(continued)
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2.3.1 n15AUIY Term-Frequency (TF)
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Table 4
Example of TF-IDF Calculation Results
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Y9FDIANNITINAY AIAUNTS

TF — IDF(t, d) = TF(t, d) x IDF(t) (3)

lnedl t A9 term wsemNUsINgluonaIs
d A® document wsoLONA1T NFRITUN fit) Aip T
YOUDNEITANUVDIAT ¢ waE N AD ITUIULDNANTIINUA

IDF TF-IDF
0.09 0.018
0.09 0.018
0.69 0.138
0.69 0.138
0.22 0.044

W8NTATL IR TF-IDF Ui Ingmvuaduau
AMANYYEAWINTY 266 (max features) a@1xnsavi
nsUsugadeyalveglusuuuu DataFrame lngldlausns

Table 5

tﬂl v [ vV v % a = = v
pandas ieliaunsailuldiudanesfiunisseus
99A9E5 19w UUINaBIRB L UlALAB Y wanIRIa8N9ly
Table 5

Data obtained From TF-IDF is Displayed in DataFrame Format

YoyailavInnisvin TF-IDF uamsludnway DataFrame

doya duda
1 0.018 0.018 0.138 0.138
2 0.000 0.000 0.000 0.000
3 0.009 0.009 0.000 0.000

LANENT

0.044 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.024 0.009 0.009 0.000

3. mMyaf1auuuaed (Model building) Wisladaya
MEnunsyuIuNsInnSeutoyaudn avlaveyanillasweasng
ansalfaiauudiaeds waslauwlsndoyadmniuly

Hnaoulaznagouluud1a0998 NTEUIUNITASUUY
91899 @NTOUERISA Figure 2
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N
Figure 2
Model Building Process
NTLUIUNITATNUUUTIADY

Preprocessed Data

Train Models

Model Building

Classification

\ 4
Evaluation Models

1. Decision Tree
2. K-Nearest Neighbors
3. Multilayer Perceptron

(5-fold cross-validation)

\ 4
Models

1. Precision
2. Recall

3. F1-Score
4. Accuracy

970 Figure 2 1@B8NLUUNTEUIUNTES LU
$1a09 teltlunssuunmnavyuesfaimAeaiuns
UfuRnuaniadnw Adeilldnm Python U1 Google
Colaboratory L'%'uﬁumﬂmiﬁw%’amaﬁiﬁa'mmil,m%'au
suama (Preprocessed data) W 720 Fenu aant
mamumaummmLLauaJmemaaq1usuumauuuwuama
sonilu 2 a loun yafngeu (Train set) Sovay 80
(572 ToA1w) Uazyanaaau (Test set) Soeag 20 (I1uIu
144 Fapny) ieflnuaznadeudane3fiudunissiwun
Uszan Thmsasnauuuinaes mideiildidenldsanssiu
nsi3euiveundes 3 Sane3iiu (Shalev-Shwartz &
Ben-David, 2014) 31ntausns scikit-learn Tun1sasiauay
Anuuudiaes laud Fsulidadule Bileutnilndiian
wardsmediwunseunuunatety muuansdnes
\JueiEudy (Default parameters) vatusazdanasii
aulaus3ves sckit-leam

4. MyUssiliudsednsnwiuuanass (Evaluation
model) Tun1susziiuusednsanveswuuinaosldid
k-fold cross-validation (Han et al., 2022) IngA15UUs
Joyananilu k aaumw 9 fiu mm%uLmeu 5-fold
cross-validation Lummﬂmamawmmumaumﬂmau
Joya i 720 Aoy muﬂammauﬂaluma ATWUS
Joyaiu 5-fold agldnalunismegeuiies Trinanis
Useiflulseansamlaegesinéy n1mnaesis k-fold
cross-validation #78Uszu1UAIUITZENTANVDILUY
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$ranslgnisutstoyaseniiu k dw Fedumidiidu
ganndouLarduduugndous nansehiving k ade
delsynauldifutsyanaaevuazynidous anduld
UszillulsgdnSnmuasuuudassmensinwuumsylaan
(Threshold) lusduwuuvesnisisasuiiafuiuning
(Confusion matrix) lawA AIAILLIUEY (Precision)
APusEan (Recall) Aaduiavadingzvinsdinig
wiuguazAIANTEaN (F1 score) UagAIANgNABa
(Accuracy) @nunsanansaunsle (Sangkatip et al., 2023;
Polrob et al,, 2023) Faolui

. P

Precision = ———
TP + FP @

Recall = L
TP + FN (5)

F1 = ox PreC{S{on x Recall
Precision + Recall (6)
TP + TN
Accuracy =
TP+TN + FN + FP 7
ool

TP (True positive) fig WUUTIBDIYIIUIEIN
939 WEUAU walaay Ao 939

TN (True negative) A9 LUUINIABIMIUIEIN
laia39 Wiguiu walae Ao laass

FN (False negative) Ao WUUIIADIYIIUILTN
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193¢ Wisuiu walnay Ae 939
FP (False positive) A9 WUUIIADIVIUIETT 239
Wgunu walnas fAe a3
5. MyUszendlduuinass (Deployment model)
Tutunouiifunisihuuuaesiifivssansnmiiiian
Ul lunswaunszuuuenuen Fadeulusunsudie
7191 Python Weuseru Line Platform Bugiugienissu
For3 (Message) VoI uuaUnGLATY Line Toau
maﬂfdm Line Messaging API wuauiﬂsl,mmmau
maluwaﬁ‘usuamm mﬂuu‘uammmﬂaammalﬁamw
Webhook mgﬂaqmu”l,ﬂﬂiumawamLGzﬁV\InasIusuumauu

Figure 3

afenudigiuneunisssuananivisssuei
I@EJL‘T]H%UG]E]UW]?LG\%EJN%@H& (Data preprocessing) 3
1NNFAIUALZDINTEYA NITAAAT FRAIEA LAY
ATUIUAT TF-IDF Aua1fy
awaﬁuﬁagaazgnﬂ%’ﬂﬁaqﬂugﬂLLUU DataFrame
WiodsreliuuuianiUsyanana uasinnenadnsooni
el Gﬁammﬁy’u%’masﬂwmmmjﬁaﬂmaiﬂ MNUsEUY
Ay mamaium%mmauaauﬂmﬂmLwaamumauaw
Lﬂmmamwmwuuuaaﬂm wazaslayanaundu (Reply)
TWuanslyifld (Users) MiduindnwinFesiasdrumin
AUNUIVULOUNALATU Line AIUERS Figure 3

Applying the Model With the Chatbot System Through the Line Application
M3UsrenAlduuUTIaesTIUNUSTUULIN VBN UL UNAIATY Line

Message

Webhook

Deployment Model

Message

Line Messaging API

Reply

\ 4

Bot Application

Natural Language Processing

Server

v

910 Figure 3 Wunmuaninisuszgndlduuy
11889WAUITUURINUBNHIULOUNGLATY Line lng
aunsosniegrsnsvauldded Wedldde wisan
vias lweiann Busummuthgssuuiidonsietugutoya
avnafnwIuLeUNEIATY Line wavdItonI uaINN1g
aunun enmeg1ateniny “duveganiuzionalsvesdu
niloy” mﬂﬁ?u%’amma:gﬂéqlﬂﬂssmaamaﬁ%’%wnaﬁu
nszEUIUMsUsTIIaRAnNWST I RLTune UM HnA
aelavoruludnuae “du|ve | 9| @anug [ Lenas | ved |

Predictive Model

Cwie RMU
Database

514 | mos” antufuInme TFDF agldAaanud
dwiinveausagd wavasluliuuusaesiuonadng
28N Tumasmuu,umﬁaawwmamawnwammu
aglupand “Euaaﬂammﬂuamumaﬂaﬁ” Mnduszuui
swmndeululy fornuilfioans Ae feyaiieatuanue
ena1s sruufagyinisdvAudeyaaingiudeyaania
[loRadoyaaniuzienalsvesusauias lvsiaun
ponu uavdieyanaunauluninaunuluweundndu
Line wansiegstayanisnounaulu Figure 7 (b)
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B nan13238 (Results)
{AeldaUnansiden i ingUssasdin ety ol
Nan1sadauUINaasuLazn1sUsEsiuUsEaNS AW

LUURaD9
AsEs1akuUaelaleaneasiiy 3 36 awn 3oauld

Table 6

dadula Fieutulndian wariBimesiwunseunuy
Wanetu uanUsEAVE MR IUAAT LT ABIEIBANAIL
wiiugh (Precision) Aauszan (Recall) Aadsiavndin
FERINAIANULLUEI AL AIAINNTEAN (F1 score) wazan
ANUYNFBY (Accuracy) AILAR Table 6

Evaluation Results of Model Performance Using 5-Fold Cross-Validation
KaNTsUsssluYsEans AU YTI8e99 8 5-fold cross-validation

Model Precision
Decision Tree 0.932
K-Nearest Neighbors 0.786
Multilayer Perceptron 0.934

Recall F1-Score Accuracy
0.937 0.948 0.937
0.784 0.858 0.784
0.939 0.945 0.937

Figure 4

The performance of all three models was evaluated using confusion matrix tables. For models (a) and (b),
confusion matrices were generated for both the test dataset and 5-fold cross-validation (CV) of the Decision
Tree method. For models (c) and (d), confusion matrices were constructed for the test dataset and 5-fold CV
of the K-Nearest Neighbors method. Lastly, for models (e) and (f), confusion matrices were produced for

the test dataset and 5-fold CV of the Multilayer Perceptron method.

HaMSUARIYsEANEN YIYUTIABIN 3 UUUTIRDITIEmITNMEUTIT MG (a), (b) Confusion Metrix yatays
AFoU Uaz 5-fold CV 9as3sauliiindula (o), (d) Confusion Metrix sadoyannaay uay 5-fold CV vaeisiiloutu
Indiign ua (e), (f) Confusion Metrix yatayanamey uas 5-fold CV ved3simesiwunsauuyynaIsty

Confusion Matrix of Decision Tree (Test Set)

True label

Predicted label

Confusion Matrix of K-Nearest Neighbors (Test Set)

True label

Predicted label
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Confusion Matrix of Decision Tree (5-fold CV)

(b)

True label

Predicted label

Confusion Matrix of K-Nearest Neighbors (5-fold CV)

True label

0 1 2 3 1 5
Predicted label
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Figure 4

(continued)

Confusion Matrix of Multilayer Perceptron (Test Set)

True label

Predicted label

910 Table 6 uanmansUsTfiuUsEANSAmMaRS
3 LUUTI809 WU 1) ANAULNUEN (Precision) LUUR@D4
ﬁlﬁ'ﬁﬁmﬁmmuﬁmmﬁ@ Ao Multilayer perceptron
WINAU 93.4% 3998911 Decision Tree WNfiU 93.2% Lay
K-Nearest Neighbors Lyifiu 78.6% 2) Anmanuszan (Recall)
wuudiaesfiliaianusednuiniign Ao Multilayer
Perceptron winfiu 93.9% 5898931 Decision Tree Winfiu
93.7% ey K-Nearest Neighbors 1¥i1AU 78.4% AuUasu
3) ALRALLAYAGATEIIANAIULILELAZAIANLTEEN
(F1 score) wuushanafildmiadsiavadingswinamaiy
wiuduazATEAN 1Nnilan fe Decision Tree Wiy
94.8% 998331 Multilayer Perceptron Wiy 94.5%

Figure 5

Comparative Results of Model Performance
NANTSIUSYULTIIUYSEaNEAINYDNUUUTIADY

Precision Recall

0

[=-]

0

(2]

0

E-

0

N

[l Decision Tree

B K-Nearest Neighbors

Confusion Matrix of Multilayer Perceptron (5-fold CV)

True label

Predicted label

waz K-Nearest Neighbors winfiu 85.8% @U&10U Has
4) AAugnFiad (Accuracy) wuudaesitldiinanugnies
Mﬂﬁqm A8 Decision Tree Wag Multilayer Perceptron
WINAU 93.7% 5998311 K-Nearest Neighbors vy 78.4%
auddu dlewSeuiiieuuszanBnnvssusazuuusaed
TugUuuuunugil 19as Figure 5

Figure 4 wanINan1sUTEIuUsEaNSn AR
Ui fuunindvesuuusiani 3 uuusiaes lnsusas
wuudnaesvzuaninanauidtuunindidu 2 suuy
lauA m1519neuiItuunIngveIHaniIsiiuIeaINge
Joyanadeu wazasNAUTITULVSNdvaNadNSYRY
cross-validation

F1-Score Accuracy

Multilayer Perceptron
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a

HANITWALITTUUMYNUBNd T uauAaAnYY  ffian desaniiussAnsamgslunisiuuntssiandeya
KANTANYTIYITAUNITAUNTINGIY AlddudeunnnuazBangulunisuiudsuniuniny

TumsWalLSEUUWINUBNA S UanN AN YILaL NS AB9N1508991% (Naksutthi, 2017) duwmuisINiy
Anvidaysanmstunisiheu mddeidlfidenld Biuld  vuunanrosuueuwaiadu Line Sdlduthnisvhaussuy
findula (Decision Tree) ﬁiﬁmmmgﬂﬁaa (Accuracy)  wwnuaviIULeUNAATU Line lAns Figure 6

Figure 6

The Chatbot System (a) Page for Adding Friends to the Chatbot System, (b) The Chatbot System Page
Prompts Users to Verify Their Identity With the Cooperative Database System

SYUUUINUEY (o) minAuioudgssuuusnuen (b) mhssuussmuenudaglvaugudmunussvugmdoyaanig

(a) (b)

Turndope ataBesiden

“ m ¢ e o . e

917 Figure 6 (a) nUFuAULANINOUIDIUNALATY  wrnuenudssuvIzuanitamulruduiinuiussuy
Line Tneszuuusnuenaade Line Official Account \u  grudeyaania
CWIE_RMU uaznwidsznau (b) wilwieudunluszuu

Figure 7

The Chatbot System (a) Displays Personal Information Once Identity has Been Verified With the System,

(b) Displays Document Status Information to the User, (c) Users can Type a Message to Inquire With the Chatbot
syuUIMUeY (a) uanstoyasusudleduduimuiussuuuaa (b) uanetoyaaaiuziona1sile (o) gleamsaiud
Jonmaavn I Uanls

o : wwel unuildend
el Tehvhnmanieluuds : 1 wda

Ao : wnel unwil el Tevhvaidn w1 wde
wanas - w03 dotuufovud

o : umeil wnariideni

oy meTndUTEA g IR
B0 MULLATAITIA @ Ra0
Twsetwd : 0620011013

Email - 623170010126@rmu. ac th

wnaTs w04 dstuufeuwh
A2NRTS © SN 05 Fakufouwh
sonars - e 06 9 bisks
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970 Figure 7 MUNLAAINNITTINUTDITEUULENUBN
g nUsenau (a) IneenuuussuuuLLUNAIATY Line
Ty 6 Wy uazamUsznay (b) uay (o) eszuuld
wnangrasiauudanaglufeyaaingrudeyaania
wazdmanauluwandigliuunihaunuluweundindu
Line

Table 7
Results of Satisfaction Analysis of the Chatbot System for Cooperative and Work-Integrated Education
HANTITIATIEYAIIUNINS VYD TLUULYNUDNANA AN YA NISANYUTIYTUINITAUNITVNIY

nan1susziiuaduiinalavasdldeuszuy
wynuendwmiuaniafineuaznsinydeysaunisiv
n159119U

deldinsruuumueniiianndulinguitmne
Tdunazpaunuugsuntuauianelavesldnuse
SEUU NEINTUTHANSAOULUUAB UN LN TAT E A
#3Unane Table 7

518n15U521Y rauAMUNINala
FTAUNING

ANINNZANYDINTTINNLUINUBY 4.63 0.60 wniige
ANIINEaNYeINTTYegYayatindny 4.47 0.92 N
ANUNNZANYDINTTVBYTOLAADULLENANT 4.70 0.64 wniige
ANUMINEANTRINTYRNTRLATIUUTENBUNTS 4.63 0.60 mﬂﬁqm
ANUMUZANYBINTVOYUBLANTTA 4.70 0.59 mﬂﬁqm
ANUMNIEANYRINTYRR Uy aTUTINNTU TR 4.67 0.65 wniian
feanadilamsldusnuen 4.63 0.66 Wniian
Anudglunisliduamuen 4.67 0.60 wniian
nseenuuuwtheeiidnduiivinzay 4.63 0.66 wniige
Anumzalunsidvunadidnes 4.63 0.71 wniiae
dvesmdnusiianudaausuing 4.57 0.62 wniian
Flundsdanuimnzanaonadosiudadng 4.63 0.60 wniian
dnysiivung wlefivnzan s1ude 4.60 0.61 Wniian

Tngsa 4.63 0.65 wniian

31N Table 7 wan1suszliunnuiianelavesssuy
winvenaniafnyiarnsAny@aysanmsiunisyhay
namsUszslnemeglusziusNNTign (V= 4.63, SD=0.65)
Fefinrsanidusiede wuih deiidinamsuszidiugean Ae
ANUMINZANYBINTTYOY UBYAdnUELaNaNTBE luTEAY
1nFign (M = 4.70, SD = 0.64) LAEANAIWENLALYBINT VO
Foyanisanegluszduanniign (M = 4.70, SD = 0.59)

[ | ai;ll wazanils1ama (Conclusions and Discussions)

NANTTAS 19 UUTIa09LaEN1SUNIUSEENTATNILUY
$1aeamsduundseinnvestedn Tneldyndoyad
sTumaifvaniadnendunivilng Sauau

720 fanu inFeudeyanutuneunITUTENIaNan Y]
sysuR ntuarldyadeyaiindoudmiunisadieuuy
d1ae¢ Ineldlddanasiiunisdwundssian 3 dane3iu
imsUszulseansamaeusagisae 5-fold Cross
validation nansvinUsednsnn wui Fasulddnaulanay
TineswUnsounuuvanstu Iiussansnmlunissuun
Useandayad1nuyinnuynauns fafioraiiosnnis
wosisUnsounuunaedudusanaifiulasmieyszam
Wieaianansaduundsziandeyaldusiudigs usazdes
Tnanluniseudgemuluie uasiddulidaduladu
é’aﬂ@%ﬁuﬁﬁmz?ﬂm%quﬂumsﬁi’ﬂLLuﬂﬂizmw%mﬂa

a

nlddudeunin lnslanzdeyalisnwasNdaauwasi
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Il Abstract

The objectives of this research were to analyze and classify the knowledge groups of the settlements of ethnic groups
in Lanna using qualitative research methods. The tools used to collect data included an analysis form for the settlement of
ethnic groups in Lanna and information resources containing content related to the settlement of ethnic groups in Lanna,
a total of 311 items from 17 information sources.

The research findings revealed that knowledge grouping of the settlements of ethnic groups in Lanna could be
classified into 17 classes. After considering content redundancy, the groups remained in the 17 classes. To ensure the accuracy,
comprehensiveness, and completeness of the knowledge groups about the settlement of ethnic groups in Lanna, they
were rechecked by three experts in classification. Based on their evaluation of the knowledge grouping of settlements of
ethnic groups in Lanna, it was capable of being used as a source of knowledge about the settlements of ethnic groups in
Lanna and could be finalized into 17 main classes. The main classes included settlement, occupation, language, clothing,
housing, family, beliefs, religion, way of life and traditions, religious rituals, medicine (12) food (13) governance, education,
characteristics, music, and games. It was classified into 65 sub-classes, 75 divisions, 352 sub-divisions I, and 59 sub-divisions II.

Keywords: content analysis, settlement patterns, ethnic groups in Lanna
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Figure 1
Conceptual Framework
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I Abstract

The design of learning media aims for learners to study content in order to create their own knowledge. During the
learning process, learners experience cognitive load depending on the difficulty of content and the design of learning media.
When learning materials comprise diverse formats, such as text, images, audio, or video, inappropriate or inconsistent content
placement may lead to a phenomenon known as the split-attention effect. This phenomenon occurs when learners need
to allocate cognitive resources to gather and link information from separate sources, resulting in unnecessary cognitive load.
And if cognitive load exceeds learners' limits or cognitive overload occurs, it will affect learning efficiency. Therefore, this
article explains the principles of human information processing and memory limitations that cause cognitive load. It then
presents media design that reduces cognitive load using the principle of reducing split attention, examples of learning media
design using the principle of reducing split attention, and the impact of the principle of reducing split attention on learning
media design as a guideline for future learning media design.

Keywords: information processing, cognitive load, learning media, split-attention
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Major Phases of Human Information Processing (modlified from Klausmeier, 1985)
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Split-Attention in a Geometry Problem (modified from Ayres & Sweller, 2005)
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Figure 4
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Integrated Worked Example of a Geometry Problem (modified from Ayres & Sweller, 2005)
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Split-Attention in a Physics Problem (modlified from Ayres & Sweller, 2005)
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Figure 6

Reducing Split-attention in English Vocabulary
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Figure 7
Split-Attention in Diode Forward Bias
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Figure 8
Reducing Split-Attention in Diode Forward Bias
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