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Abstract

With the bombardment of digital technology in today’s educational institutions, the role
of teachers is constantly changing. Teachers are required to not only deliver the core subject
content knowledge but also update their knowledge of modern technology and pedagogical
techniques, which demand the integration of digital technology in specific content teaching. In
the context of science education, there is a call for a specific and effective teacher professional
development (TPD) program to improve science teachers’ essential knowledge and facilitate
the acquisition of new sets of skills to succeed in technology—enhanced classrooms. The
Technological Pedagogical and Content Knowledge (TPACK) framework has a critical role in
promoting the teaching knowledge transformation of professional teachers, particularly
regarding the differences in their teaching experience. This study intended to design an
andragogical TPD program that particularly addressed the TPACK framework of integrated
Science, Technology, Engineering, and Mathematics (STEM) education for the training of 89
in—service science teachers in the Khon Kaen University Smart Learning Academy (KKU-SLA)
project. To specialize the proposed TPD program, a personalized ubiquitous learning system
produced by KKU-SLA was employed to personalize the individual training need for the
teachers. The participants consisted of two groups: the first group included 28 novice teachers
with non-digital teaching experience who attended a face-to-face TPD program; the second
group included 61 expert teachers with digital experience who attended an online TPD program
due to the Coronavirus Disease 2019 (COVID-19) pandemic. Both groups were characterized
by the proposed TPD regarding their different teaching backgrounds, as previously mentioned,
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and they were examined based on their TPACK before and after the specific training

intervention. Based on the Wilcoxon sign—rank test and paired t—test statistical analyses, the

results revealed that the total TPACK scores of both groups of teachers, as well as their

technological knowledge (TK) and technological content knowledge (TCK) had been improved

significantly. According to the results, the study suggested that the proposed TPD program

could be an alternative way to promote teacher’s essential teaching knowledge for today’s

science classes and that there is a call to improve the program to gain better results for their

TPACK comprehension.

Keywords: Andragogy, Teacher professional development, TPACK, Personalized learning,

Digital learning
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Currently, the quality of teacher pro-
fessional development (TPD) has become a
focused issue by educational researchers and
developers around the world while teachers
encounter pressure to foster their students to
achieve the learning goals set based on the
academic standards of 21 century education.
Especially in context of Science, Technology,
Engineering and Mathematics (STEM) education
movement, the requirements for preparing a
STEM workforce have been increased, and
many educators and researchers have incor-
porated TPD in the development of STEM
disciplines regarding the transformation of STEM
into integrated STEM education (Cheng et al.,
2020; Honey et al., 2014). Moreover, teachers
in STEM disciplines are expected to perform
their work on the chang-ing standards and
renovate their practices from workshops and
seminars to learning activities in the class-

room (Margolis et al., 2017). There is a call for
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action in TPD research for integrated STEM
education (Chai, 2019; Chai et al., 2020).

To effectively design and implement
a TPD program, the learning theory, conver-
sation, and education for adult learning, known
as “andragogy”, should be considered. Malcolm
Knowles, who is a key thinker in this con-
versation, and others have stated that educa-
ting adults is different from teaching children,
where a learner who has more experiences
will have more self-determination and self—
direction during learning (Wozniak, 2020). Adult
learners have various types and amounts of
reasons, access, time, motivation, and resources
for learning, which would affect the way a
tailored or individualized experience would be
designed for them compared to children
(Knowles et al., 2012). For instance, the in-
vestigations on teachers’ cognitive processing,
that is, the information (learning concepts),
strategies employed, and inferences between

novice teachers and expert teachers differ.
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Swanson et al. (1990) found that expert teachers
focused on defining and representing problems,
unlike novice teachers who focused on gener-
ating possible solutions to these problems. To
effectively empower teachers’ learning, num-
erous research on personalized learning have
exposed benefits by using technology to fit the
learning experience to learners’ preferences
and their developing expertise (Johnson and
Samora, 2016). Algorithms were utilized in
current personalized learning system develop-
ment to identify learners’ individual learning
preferences and analyze their learning beha-
viors when participating with the system; then,
the customized contents were automatically
provided to learners regarding their learning
styles (Tseng et al., 2008). For example, Ka-
jonmanee et al. (2020) developed a person-
alized learning system for a TPD program to
promote integrated STEM education for teachers
by providing an individual Technological Peda-
gogical and Content Knowledge (TPACK) profile
in workshops. They found that technology in-
tegration literacy has an essential key role in
qualified STEM-oriented teacher development.
Moreover, Hwang et al. (2020); Nikou and Eco-
nomides (2019) stated that mobile and wire-
less communication technologies have provided
new perspectives and opportunities for de-
veloping integrated STEM learning activities
by teachers. However, there is still a lack of
andragogical TPD in integrated STEM educ-

ation equipped with a personalized learning

for experienced and novice teachers.
Likewise, an andragogical professional

development program needs to be designed
and implemented for novice and expert digital—
experienced teachers. A need, therefore, arises
as to investigating their TPACK. Despite the
widespread body of knowledge on the TPACK
by a TPD program (e.g., Jang and Chen, 2010;
Jimoyiannis, 2010; Srisawasdi, 2014; Srisawasdi
et al., 2017;), there was still a gap in TPD
research about novice and expert digital—
experienced teachers’ TPACK in integrated
STEM education and its impact on their pro-
fessional development. This study intended to
fully fill this gap by examining the effect of an
andragogical TPD program equipped with a
personalized learning system on novice and
expert digital-experienced teachers’ TPACK.
The TPACK framework was employed to identify
whether teachers can more efficiently learn to
integrate technology into their STEM lessons
or science classrooms. For the purposes of
this study, the particular research questions
are listed as follows:

® Does an andragogical TPD interven-
tion program that emphasized TPACK in in-
tegrated STEM education, integrated with a
personalized learning system, affect novice and
expert digital-experienced teachers’ TPACK
improvement?

® How does adding a specific type of
TPD intervention program fulfill specific groups

of STEM teachers regarding their digital ex-
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periences for teaching?

Theoretical Background
Andragogy and personalized learning for adults
Compared to pedagogy, which is the
art and science of teaching children (Knowles,
1980), andragogy is defined as the strategic
use for helping adults learn; it is an educational
point of view that focuses on adult learning
needs and motivation. Moreover, the principals
are very appropriate for any form of adult edu-
cation (Loeng, 2018). Henschke and Cooper
(2006) found several practice—based empirical
studies from conducting a review of the litera-
ture to support the principles and revealed the
common factors in andragogy (e.g., adults’ in-
dependence, understanding of self, and
previous experience). According to their study,
adult learners can be characterized by their
high exposure to situations and experiences
as follows (Knowles et al., 2005):

® Self-concept: adult learners are self—

directed, autonomous and independent.

® Role of experience: a repository of an
adult’'s experience is a rich resource for learn-
ing. Adults tend to learn by drawing from their
previous experiences.

® Readiness to learn: adults tend to be
ready to learn what they believe they need
to know.

® Orientation to learning: adults learn for
immediate applications rather than for future
uses. Their learning orientation is problem—
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® centered, task—oriented, and life—focused.

® |nternal motivation: adults are more in-

ternally motivated than externally motivated.

® Need to know: adults need to know the
value of learning and why they need to learn.
In the 21% century, these principles
have been adopted to design instruction for
adult learners in online environments. Instruc-
tional designers need to concentrate on an
adult learners’ prior experience, self—directed
learning, independence, respect as an expert,
mature individuals with external responsibilities,
and limited time and resources (Blondy, 2007;
Cercone, 2008). This assertion means that
not only training or banking of knowledge was
provided to adult learners but also facilitation
in learning. To facilitate adult learning, indivi-
dualization, interaction, and collaboration should
arise in the learning environment. A learning
environment that fits well to the capabilities
and different learning goals and that is
adapted to learners’ specific requirements on
his/her mobile devices is a personalized ubi-
quitous learning system (Kajonmanee et al.,

2020).

Face—to—face and online teacher professional
development

Widely known, TPD is a way to im-
prove knowledge and skills for teachers to
succeed in their classrooms. Many researchers
have noted that adult teachers who were pro-

vided specific training for TPD normally have
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more significant and positive impacts on
students’ achievement (Connors—Tadros and
Horowitz, 2014). Over the past decade, face—to—
face TPD has been applied to coach teachers
to update their knowledge and skills. Several
kinds of research have proposed ideas about
making effective professional development
(Richardson, 2003; Sparks, 2002). The follow-
ing viewpoints exhibit commonalities:

® school-based;

® collaborative across and between tea-
chers, similar to a community of practice;

® aims attention at student learning;

® recognizes teachers as professionals;

® constructivist in nature;

® fosters teacher meaningful learning of
content and research-based approaches to
teaching;

® supported by administrators with oppor-

tunity, funding, and time to practice.

For instance, Jimoyiannis (2010) de-
signed and implemented a TPD program about
technological pedagogical and science know-
ledge (TPASK) for science teachers. The impact
of TPASK, which was aimed at information
communication technology (ICT) integration in
science classroom practice, demonstrated that
the participants reported meaningful TPASK
knowledge and increased the willingness to
adopt and apply this framework in their in-
struction. Srisawasdi (2014) developed a pro-

fessional development program that fosters

the TPACK of per-service teachers, which is
based on contemporary science content and
research-based approaches for science teach-
ing and learning. In conclusion, face—to—face
teacher professional development is an im-
portant strategy for confirming that teachers
are providing knowledge and skills in their
careers.

However, there is another way to
conduct professional development due to the
rapid growth of the technology era. The number
of online TPD programs has been increased,
and its benefits (e.g., flexibility and lower cost)
have been perceived. Additionally, it is believed
that online TPD can provide advantages of
access, reaching more teachers (Darling—
Hammond et al., 2017). To draw upon un-
available resources locally, schools often prefer
an online TPD as an alternative solution and
an applicable way to reach teachers in rural
sites (Brooks and Gibson, 2012). These pro-
viders of online TPD believed that it is a way
to offer support, increase opportunities for broad
cooperation and communication, and overcome
the limitation of distance. Moreover, it was
found that the teachers who had participated
in online professional development increase
their potential in terms of conceptual under-
standing and positive satisfaction (Binmohsen
and Abrahams, 2020; Russell et al., 2009).
Borko et al. (2010) stated that the potential for
engaging teachers’ reflection on their practices

was affected by online learning formats, which
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provide additional possibilities for individual-
izing mentoring. The increase in online learn-
ing platforms is not only preparing students
with 21%' century skills but also building 21
century teaching skills for teachers (Saavedra
and Opfer, 2012). Since 2020, the online pro-
fessional development conversation has been
significantly shifted by the coronavirus disease
2019 (COVID-19) pandemic. Requirements
of urgency to construct online courses and
program preferences in education have been

called worldwide.

Technological pedagogical and content know-
ledge in STEM education

When the educational conversation
draws upon technology-enhanced education,
the framework of TPACK has been recognized.
The first proposal of this framework is that of
Mishra and Koehler (2006), which has been
widely employed to demonstrate teachers’
knowledge and abilities to effectively integrate
technology into their classrooms (Chai et al.
2018). The Venn diagram was proposed to
educators to derive the factors of TPACK,
which has encouraged researchers to confirm
the model. The factors are listed as follows:
technological knowledge (TK), pedagogical
knowledge (PK), content knowledge (CK),
technological content knowledge (TCK), tech-
nological pedagogical knowledge (TPK), peda-
gogical content knowledge (PCK), and the
integrated knowledge of TPACK (Chai et al.,
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2013; Lin et al., 2013). It currently appears to
be the largest factor in teacher professional
development success or failure, especially in
integrated STEM education, which consists of
the core components of scientific inquiry, tech-
nology use, engineering design and mathe-
matical thinking (Kelley and Knowles, 2016).
According to previous research and scientific
inquiry, engineering design is a complicated
process of learning by doing (i.e., hypothesis
making, designing and reasoning), which com-
prise problem abstraction, predictions, proto-
type generation, and analysis of prototype
testing. Technology use refers to the literacy
of using technology as a tool to facilitate and
solve problems. Mathematical thinking refers
to adapting mathematical methods and ana-
lysis to make meaning from the data gained
in the activities. These four pillars have an
important role in teachers’ integrated STEM
knowledge (Kelley and Knowles, 2016).

The key of TPACK and STEM edu-
cation is technology, and both targeting and
enhancing learners’ 215 century capacities
(Chai, 2019). To engage teachers’ technology
integration in teaching, existing studies mostly
conduct the TPACK framework in the context
of teacher professional development (Jans-
sen et al., 2019). Voogt et al. (2013) noted that
most studies intended to design and imple-
ment a technology—assisted learning environ-
ment to promote teachers’ TPACK develop-

ment. Therefore, it is important to integrate
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these two fields (i.e., TPACK and integrated
STEM education) to effectively promote tea-
chers’ competencies in technology integration
and facilitate their practice in TPD, because
both are likely to enhance students’ perfor-

mance in this century (Chai et al., 2020).

Study Context

In this study, the researchers are con-
cerned the importance of a flow experience in
the TPD program that begins with a series of
TPD programs for novice digital-experienced
in—service teachers, as primary evidence for
evaluating an intervention’s effectiveness, and
ends with a series of TPD programs for digital—
experienced teachers. The purpose of this study
is to determine whether the benefit of an an-
dragogical teacher professional development
on TPACK in integrated STEM education,
which is equipped with a personalized learning
system for teachers, can contribute to the ac-
cumulation of empirical evidence and deve-
lopment of theoretical models. In the present
study, the researchers define in—service teachers
involved in the KKU-SLA project and experienced
with TPACK professional training program on
how to pedagogically apply digital technolo-
gies into science class as digital-experienced
teachers. Another is in—service teachers who
are new—coming members in the KKU-SLA
project and have never experienced the TPACK
professional training program before as novice

digital-experienced teachers. As such, the re-

searchers have conducted two distinct studies
in which we have employed a personalized
learning system following adult education, re-
ferred to as an andragogy framework (Knowles
et al., 2005), to two groups of in—service teachers,
as they involved with KKU-SLA in a different
operational phase of the project. Moreover,
they were voluntarily participated with the pro-
ject through an application with regional educ-
ational service area office. In the first study,
we examined the effect of the TPD program
equipped with the personalized learning system
on science teachers who do not have previous
experience with digital learning in the KKU Smart
Learning Academy (KKU-SLA). The second study
has been conducted to revise the interven-
tional strategy for the teachers who have ex-
perience with digital learning lessons in the

KKU-SLA project.

The personalized learning system for improving
teachers’ TPACK

A personalized learning system is a
smart learning environment that provides appro-
priate support based on individual learners’
needs at the right place and time. In this
study, KKU Smart TPACK is a mobile appli-
cation and professional learning and develop-
ment system for address teachers’ profess-
ional learning needs regarding the TPACK
framework. This mobile application could
provide personal support for their essential

teaching knowledge with technology. Figure 1
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illustrates the KKU Smart TPACK mobile
application for promoting individual profess-

ional learning of TPACK in KKU-SLA project.

KKU SMART TPACK

]

o
P

N
—

)

4

Figure 1 Screenshots of the KKU Smart TPACK
mobile application: Main screen for log in

(left) and list of TPACK lessons (right)

In this study, the KKU Smart TPACK
mobile application has been utilized as a
personalized learning environment to promote
TPACK in integrated STEM education for
teachers regarding their learning style, prior
teaching knowledge, and capability of their
mobile devices (Kajonmanee et al., 2020). The
learning system covers three simple phases.
The first phase is a diagnostic phase in which
teachers interact to perform a self-analysis
about learning style and TPACK knowledge.
The system would define the learning pathways
and identify particular kinds of learning material
that the users need to be improved for them.
The second phase is a customization phase
in which learning style and devices’ capability

296

are applied for selecting and sorting the learning
materials. In this phase, associated resources
and flow of learning contents are provided to
users. The last phase is a monitoring phase
in which the users could review their learning
style and TPACK learning progression in a
specific topic. Figure 2 presents a schematic
diagram of the proposed TPACK application
used in this study.

Furthermore, the system provides the
TPACK status of both individual performance
and a comparison with the other teachers in
the KKU-SLA project, which could reflect their
update status of TPACK. This could motivate
them to interact continuously with the proposed
application for improving their TPACK in inte-
grated STEM education.

A teachers’ TPACK-STEM development through
an andragogical TPD model

To improve teachers’ knowledge, skills,
and integration of technologies into their in-
struction, researchers recommended a pro-
fessional development that focused on how to
use technology within up—to—date models of
teaching and learning. Moreover, an andra-
gogy, which is defined as an adult learning
principle, has been recognized for teacher pro-
fessional development. To be more effective,
an integration model of professional develop-
ment and andragogy has been applied in this

study to enhance teachers’ TPACK of integrated
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Figure 2 The schematic diagram of KKU Smart TPACK mobile application’s working functions

and its features for teacher trainee

STEM education, as shown in Figure 2. The
model is divided into four main phases as
follows:

1) The Motivation phase consists of
two sessions. The first session involves self-
directed learning on the KKU Smart TPACK,
which is a personalized ubiquitous learning sys-
tem. The system could trigger their intrinsic mo-
tivation to learn by revealing the current status
of their TPACK and inducing them to complete
TPACK by themselves. The following session
is an introduction in which teachers are intro-
duced to instructional pain points in science
class, outcomes and findings from research-
based learning innovation, and advantages of
seamless STEM learning. This session would
address the andragogical principles in self-
concept and internal motivation assumptions
(Knowles et al., 2005)

2) The Conceptualization phase con-

sists of a learning how—to—learn workshop. In

this session, role play as a student is used to
provide them with a point of view for learning
science. The participants would experience a
sample lesson of seamless STEM learning by
using digital learning tools (i.e., a mobile ap-
plication named KKU Smart iNote, data logger
and sensors). This phase would address the
adult’s role of experience (Knowles et al., 2005).

The Consolidation phase consists of
a learning how—to—teach workshop. The par-
ticipants are guided to use the digital learning
tools from the previous phase and then apply
the learning process to their teaching context
in school curriculum guidelines. Furthermore,
the participants are encouraged to implement
their integrated STEM lesson in their class
after the workshop. This phase would address
adult’s orientation to the learning assumptions
(Knowles et al., 2005), in which they learn for
immediate applications rather than for future

uses.
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3) The Recommendation phase con-
sists of two sessions. The first session in this
phase begins with repeatable self-directed
learning on the KKU Smart TPACK system to
assess their TPACK progression. The second
session is a reaction to discuss the TPACK

results and to summarize the concept of the

3 = All components
! ﬁ: of TPACK

All components
of TPACK

_ 3 &{
Figure 3 The design of the andragogical TPD model for intervening STEM teachers’ TPACK

Customizing TPD Intervention embedded per-
sonalized learning system for teachers

The quality of TPD has become an
increasingly significant educational issue, as
teachers are expected to facilitate a higher
level of learning outcome for today’s learner.
As the access to technology and teacher know-
ledge needed for appropriately teaching with
technology becomes more established and
universal, the kind of knowledge relevant to
how teachers teach subject matter content
using specific instructional methods with specific
technology in particular contexts becomes re-
markably important to TPD initiatives. Re-

garding teaching experience with technology,
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Andragogical
TPD Model

TPACK-STEM
Development

workshop regarding the TPACK framework.
This phase would address the readiness to
learn and the need to know assumptions, as
addressed in the first phase. Figure 3 illus-
trates the design of proposed andragogical

TPD model for this study.

All components [is- < .
o H&

CK, PK, TK

— TPK, TCK, PCK

) : y ;{‘
o limQ

research has shown that beginning teachers
do not feel sufficiently prepared to use tech-
nology in their classrooms (Enochsson and
Rizza, 2009; Sang et al., 2010; Voogt and
McKenney, 2017). Moreover, Agyei and Voogt
(2011) and Drent and Meelissen (2008) men-
tioned that the quality and quantity of learning
or training experience to the use of tech-
nology for learning strongly shape the ways
teachers effectively view and use technology.

The difference between novice (i.e.,
beginning or non-experienced teacher), and
expert (i.e., advanced or experienced teacher)
teaches has an important role in TPD re-

search. Current research on TPD conceives
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of the role of prior knowledge for teaching
similarly and experience-based knowledge of
teaching gained through years of partial
apprenticeship as students in classrooms
(Meyer, 2004). In the past several decades,
evidence has indicated the superior perfor-
mance of expert teachers, that they attend to
different facts and interpret information in-
volved in teaching differently than novices
(Auerbach et al., 2018; Farrell, 2013). Evidence
also highlights the contribution of experience
to the expertise development process and
knowledge integration in the long term (Co-
peland et al., 1994; Sabers et al., 1991). For
today’s educational institutions, both experienced
(expert) teachers and non—experienced (novice)
teachers need, however, to be academically
updated with new knowledge and new insights
about teaching with technology via TPD. To
gain a better understanding on the develop-
ment of TPD intervention for teachers at different
levels of teaching experience, how to customize
TPD for teachers at different stages of deve-
lopment and how they acquire the qualities,
skills, and knowledge necessary for expertise
are all ways in which we can further research
teacher expertise.

In this study, a combination of “know—
why” (principled knowledge) and “know—how”
(practical knowledge) has been applied to ground
a TPD intervention covering experienced and
non—experienced in—service teacher trainees.

Bereiter (2014) suggested that providing prac-

tical guidance (practical mode) that is sys-
tematic as well as coherent with the theo-
retical knowledge (principal mode) in real-life
teaching problems for TPD could support them
in the generation of innovative learning ac-
tivities. Janssen et al. (2015) argued that the
adaptation of the fast and frugal heuristic
approach in TPD design could facilitate tea-
chers’ professional learning and promote in-
novative lesson design according to their
specific contexts of teaching. Inspired by the
teacher’s professional learning approaches pro-
posed by Bereiter (2014) and Janssen et al.
(2015), we proposed a customization of a TPD
innervation embedded personalized learning
system for adult experienced and non-ex-
perienced teachers’ professional learning, as

shown in Figure 4.

Study 1: A Face—to—face andragogical TPD
with personalized learning system for novice
digital-experienced teacher

The goal of this study was to explore
novice digital-experienced teachers’ TPACK
in integrated STEM Education after participating
in the face-to—face TPD program with the
personalized ubiquitous learning system. Ac-
cording to the research goal, the following
question was explored in this study: does the
TPD program affect the TPACK in integrated
STEM Education for teachers who do not have
previous digital learning experience? The results

from the first study are intended to indicate
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Consolidation
Phase

Practical Mode with Collaborative Hands-on Direct Experience

Dual -situated
Cnnneptuallzaliun
Phase

w— « o Experienced Trainee

—  Non-experienced Trainee

Figure 4 A customization of TPD intervention program promoting TPACK for teachers who

had different digital teaching experience

the strategic value that the TPD program that
follows an andragogical strategy equipped
with a personalized ubiquitous learning system
adds to the context of professional develop
ment. Furthermore, findings from the first study
enabled the second study to examine the
effectiveness of the approach on science
teachers who already have experience in the

digital learning environment in KKU-SLA project.

Research Design

In our effort to investigate the effect
of the TPD training program, quantitative data
in this study were collected on two different
occasions: at the beginning of the TPD inter-
vention program and at the end of the TPD
intervention program. The hypothesis, consi-
dering the purpose of this study, was that

there was a statistically significant difference
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in the in—service teachers’ total scores of TPACK
in integrated STEM education (TPACK-STEM)
(pre— and post—intervention scores). To provide
more details, a 2—day intensive training work-
shop has been designed following the TPACK
framework, equipped with a personalized ubi-
quitous learning system to foster the in—
service science teachers’ TPACK in integrated
STEM education. In this study, all in—service
science teachers voluntarily attended the
training workshop in December 2020. The
science concept implemented in the workshop
is weather forecasting, which is related to a
topic in 7" grade standard curriculum. The
digital technology used for training the teachers
is web application. Figure 5 illustrated a TPACK—
oriented TPD for in—service science teachers

regarding the weather forecasting concept.
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Figure 5 lllustrative examples for face—to—face TPD program implementation for novice digital—

experienced teachers in KKU-SLA project: The motivation phase (left) and the concep-

tualization phase (right)

At the beginning of the intensive
workshop, the participants attended a face—
to—face session (1.5 hours), in which the per-
sonalized ubiquitous learning system was ap-
plied to allow the in—service science teachers
to interact with the full self-directed profess-
ional learning system. In the KKU Smart TPACK
application, individual teachers log in to the
learning system to participate with the TPACK
questions to check their own learning style
and initial knowledge of teaching about the
learning concept. After finishing the pre—test
examination, the personalized learning system
provided the learning materials base on their
score and device capability. After the learning
and assessment were completed in the KKU
Smart TPACK, the situational introduction for
instructional pain points and findings from
research—based learning innovation are pre-
sented as the following session (1.5 hours).

After the Motivation phase was completed, the

Conceptualization phase (3 hours) commenced.
In this phase, the in—service science teachers
participated in role play as a learner, referred
to as leaming how-to-leamn. The teachers gained
experience with the mobile-assisted STEM
learning innovation by hands-on practice and
were fostered to form a concept of the inte-
grated STEM learning process. The second
day of the workshop starts with a whole
learning of how—to—teach (3 hours).

In this phase, which is referred to as
the Consolidation phase, the participants were
promoted to interact with a specific mobile
application to support an authentic task in
integrated STEM learning. They were subse-
quently encouraged to consolidate the teaching
practice of seamless STEM learning. In the
next session, the participants interacted indi-
vidually with a full self-directed professional
learning in the personalized ubiquitous learning

system (1.5 hours). The last session of the
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training workshop is to monitor the partici-
pants’ TPACK results from the personalized
ubiquitous learning system (1.5 hours). The

researchers applied these results via recom-

|

mendations and open discussion with the par-

ticipants, specifically on the TPACK outcomes,

as shown in Figure 6.

Figure 6 lllustrative examples for face—to—face TPD program implementation for novice digital-

experienced teachers in KKU-SLA project: The consolidation phase (left) and the

recommendation phase (right).

Study Participants

This research was implemented through
a series of Teacher Professional Development
training. The training followed the instructional
model, as shown in Figure 7. The TPD training
program was conducted by the authors of this
research. This study involved 28 in—service
science teachers, who were teaching 7 grade,
from 16 secondary schools located in the north-
eastern region of Thailand. These participants
were new attendees for the KKU-SLA project,
which implied that they do not have expe-
rience in digital learning workshops. Their
teaching experience ranged from 2 to 35 years.
Most of the teachers held a bachelors’ degree
in education, and some held a master's degree

in education.
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Measures and Data Analysis

To measure the effectiveness of the
TPD intervention that may affect in—service
teachers’ cognitive aspect on TPACK of inte-
grated STEM education, the TPACK scores
before and after the intervention are processed.
A closed—ended multiple—choice questionnaire
was employed to address their TPACK in
integrated STEM education. The questionnaire
was developed by the researchers. To com-
plete the questionnaire, in—services science
teachers have to interact with the KKU Smart
TPACK mobile application. There are 18
question items for the face—to—face TPD work-
shop; the total score is 18. The questionnaire
consisted of assessment items of CK (8 items,

depending on the number of the main concept),
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Discussion &
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Figure 7 The structure of a TPD intervention with the support of personalized ubiquitous

learning system for novice digital-experienced participants.

PK (4 items), TK (2 items), TCK (1 item), PCK
(1 item), TPK (1 item), and TPACK (1 item).
Before analyzing the data from the participants in
the intervention program, the researchers mani-
pulated the data by eliminating incomplete data.
For example, some science teachers who did
not finish the tests during the workshop ses-
sion are excluded. This study utilized IBM
SPSS Statistics version 21 as the analytic
tool. To compare the difference between pre—
and post—intervention means as well as the
fact that the test scores do not violate the
assumption of normal distribution (based on
the Shapiro-Wilk tests), a paired t-test was
conducted. A significance level of alpha, which

is used for testing the hypothesis, is 0.05.

Research Findings

The descriptive findings from this
study of in—service teachers’ mean scores and
standard deviations (SD) on the seven scales

of TPACK are reported in Table 1. The statistics

revealed an increase in all TPACK constructs
and the total scores.

To examine the influence of TPD
intervention on in—service science teachers’
TPACK-STEM scores, a paired-sample t—test
was performed in this study. The basic as-
sumptions were checked before initiating the
statistical hypothesis, and no violations were
detected. There was a statistically significant
increase in the TPACK-STEM scores from pre—
to post—intervention in a large size effect (refer
to Table 1) (N=28, t = 3.060, p < .05, Eta’= 0.322).
The results reveal that the TPD intervention
significantly increased in-service teachers’
TPACK in STEM education. Overall, the in—
service teachers’ TPACK in STEM education
significantly improved after participating with the
andragogical TPD intervention programs as
measured by the increase in total TPACK
scoring. Figure 8 displays the results of the
statistical analysis for evaluating the effects of

TPD interventions on TPACK development.
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Table 1 The statistical results for all components of TPACK for face—to—face TPD intervention

programs

TPD on weather forecasting

TPACK components Pretest score Posttest score t P
Mean SD Mean SD
CK 4.38 1.98 4.66 1.19 0.730 471
PK 1.07 0.81 1.39 0.83 1.611 119
TK 0.68 0.67 1.00 0.67 2.077 .047*
TCK 0.07 0.26 0.61 0.50 4.920 .000*
TPK 0.14 0.36 0.18 0.39 0.328 .745
PCK 0.21 0.42 0.29 0.46 0.701 490
TPACK 0.25 0.44 0.43 0.50 1.411 170
Total score 7.00 2.30 9.00 214 3.060 .005*
*p =< .05
12.00 _*-J
10.00
8.00
% 6.00
4.00
*, *
2.00 h |_ —l ‘V —|
000 i ‘ é S [5 L.L ol oln . él o
PK T® TCK TPK

K

*p =< .05; Total N = 28
Figure 8 Results of TPACK

mPre mPost

PCK

TPACK

Total score

in integrated STEM education development based on the

andragogical TPD intervention program.

Study 2: An online andragogical TPA with

personalized learning system for expert

digital-experienced teacher professional
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development

The previous study revealed the

effectiveness of the TPD program for novice
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digital-experienced teachers, that there is a
learning value of the personalized ubiquitous
learning system with andragogical strategy,
which promoted teachers’ TPACK in integrated
STEM education. For the second study, due
to the limitation of the COVID-19 pandemic,
online training was selected as an effective
tool for professional development. To address
the research goal, we investigated the effect-
iveness of the TPD program in a new context
to answer the following research question:
Does the online TPD program affect science
teachers’ TPACK in integrated STEM education
who have previous digital learning experience?
The results from the second study could be
an alternative way to promote teachers’ TPACK

during the pandemic.

Research Design

According to the research goal, we

applied a one—group pretest—posttest design
to address the previously stated question. The
data were collected at the beginning and end
of the workshop. To support in—service science
teachers learning how to teach and learning
how to learn in the online course, a 1-day
intensive training workshop has been designed
following the TPACK framework. The person-
alized ubiquitous learning system is employed
to engage teachers and allow them to effec-
tively learn about TPACK in integrated STEM
education. Hands—on and simulation laboratory
instruction related to the concept of harmful
chemical reactions is applied in the workshop.
During the activities, the participants observed
and recorded the process and results of the
experiment. Figure 9 and Figure 10 illustrate
a TPACK-oriented TPD for in—service science
teachers regarding the harmful chemical re-

action concept.

Figure 9 lllustrative examples for online TPD program implementation for expert digital-

experienced teachers in KKU-SLA project: The motivation phase.

An online TPD program was con-
ducted via the ZOOM application for a 1-day

intensive training workshop at the end of

December 2020. Before beginning the online
workshop, the TPACK in integrated STEM

education questionnaires was used to monitor
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the participants’ initiative concept about teach-
ing the harmful chemical reaction. In the
motivation phase, the first session (30 min) of
the online workshop starts with the researchers
presenting the situational introduction for in-
structional pain points, outcomes and findings

from research regarding the topic of the

training. Next, the personalized learning system
is involved in this session (1.5 hours). The in—
service science teachers were presented to
the individual learning system by the re-

searchers, and then the teachers interacted

with the system and learned by themselves.

Figure 10 lllustrative examples for online TPD program implementation for expert digital—

experienced teachers in KKU-SLA project: The dual-situated conceptualization phase (left)

and the recommendation phase (right)

The following session is the combin-
ation of the conceptualization phase and con-
solidation phase; role play as a learner is
employed to allow the participants to exper-
ience the learning lesson as students. In the
online workshop, they will be demonstrated a
chemical experiment via Zoom, observe the
inquiry process and then record data as
learners with a mobile—assisted STEM learning
application (KKU Smart iNote). In the learning
process, researchers facilitated and mentioned
the teaching practice of seamless STEM
lesson by using the mobile application in this
specific concept for integration into their teach-
ing context and curriculum guidelines.

The next session involves personalized

306

learning system participation (1.5 hours). In
this session, the participants repeatedly interact
with the personalized ubiquitous learning
system. The last session of the online TPD
workshop comprises reactions, a discussion,
and recommendations (30 min). Their TPACK
results are monitored, and an open discus-
sion via the personalized ubiquitous learning
system is moderated by the researchers. The
overall TPD structure with the personalized

learning system is shown in Figure 11.

Study Participants
The participants for this study in-
cluded 61 in—service science teachers, who

were teaching 9" grade, from 103 secondary
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schools located in the northeastern region of
Thailand. All teachers have prior experience

in the KKU-SLA project. Their teaching expe-

Session#1 Session#2

1.5 hour

Session#3 (continue)

3 hours

1-Day workshop

£

.

Learning
How-to-Learn &Teach

rience ranged from 2 to 35 years. Most of the

teachers held a bachelors’ degree, and some

teachers held a master’s degree in education.

Session#3

3 hours
~ PS
aee

Learning
How-to-Learn & Teach

Session#5

Session#4

30 min

..

1.5 hour

4wy .
(Leaming Systen Recommendation

Figure 11 The structure of a TPD intervention with the support of personalized ubiquitous

learning system for digital-experienced participants.

Measures and Data Analysis

For the online TPD program, there
are 15 question items; the total score is 15.
The questionnaire consisted of assessment
items of CK (7 items, depending on the num-
ber of the main concept), PK (2 items), TK (2
items), TCK (1 item), PCK (1 item), TPK (1
item), and TPACK (1 item). After the imple-
mentation, a total of 61 instruments were re-
sponded. On the other hand, the data from
the participants were manipulated; 42 of them
were eliminated because of incomplete data.
The data were entered into IBM SPSS Sta-
tistics version 21 to examine the difference in
the pre— and post—intervention means over
time. Based on the assumption of normal
distribution and that the test scores were not
violated, the Wilcoxon sign rank test was per-

formed. A significance level of alpha, which is

used for testing the hypothesis, is 0.05.

Research Findings

To compare the in—service science
teachers’ TPACK-STEM scores in integrated
STEM education pre— and post—intervention
overtime for the online session, a Wilcoxon
sign rank test statistical analysis was em-
ployed. The results reveal that the effect of
the intervention program on the participants’
TPACK score had no significant differences
in overall TPACK components. On the other
hand, two subscales’ scores, which consisted
of TK, TCK, and Total score, exhibited signi-
ficant differences across time. Table 2 shows
the descriptive statistics and comparison for
pre— and post—intervention.

The analysis from the Wilcoxon signed—

rank test reveals that in—service science tea-
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Table 2 The statistical results on Wilcoxon Signed-rank test for an online intervention training

program
TPACK Mean
Test Mean SD Posttest—Pretest N z Sig.
components Rank

Pretest 3.30 12.25 1.37  Posttest<Pretest 12

Posttest 3.51 16.19 1.33  Posttest>Pretest 16
CK -.316 .188
Posttest=Pretest 33

Total 61
Pretest 0.82 11.00 0.65 Posttest<Pretest 7
Posttest 0.93 11.00 0.63  Posttest>Pretest 14
PK -1.529 127
Posttest=Pretest 40
Total 61
Pretest 1.13 12.13 0.74 Posttest<Pretest 8
- Posttest  1.36 14.11 0.73 Posttest>Pretest 18 2133 035*
Posttest=Pretest 35
Total 61
Pretest 0.36 12.00 0.48 Posttest<Pretest 10
Posttest  0.41 12.00 0.50 Posttest>Pretest 13
PCK —-0.626 532
Posttest=Pretest 38
Total 61
Pretest 0.16 0.00 0.37  Posttest<Pretest 0
Posttest 0.39 7.50 0.49  Posttest>Pretest 14
TCK -3.742 .000*
Posttest=Pretest 47
Total 61
Pretest 0.13 8.00 0.34  Posttest<Pretest 4
Posttest 0.25 8.00 0.43  Posttest>Pretest 11
TPK -1.807 .071
Posttest=Pretest 46
Total 61
Pretest 0.46 10.50 0.50 Posttest<Pretest 8
Posttest 0.52 10.50 0.50 Posttest>Pretest 12
TPACK -0.894 371
Posttest=Pretest 41
Total 61
Pretest 6.36 14.89 2.18  Posttest<Pretest 9
Posttest 7.38 20.93 2.30 Posttest>Pretest 29
Total score -3.452 .001*
Posttest=Pretest 23
Total 61
*p =< .05
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chers who have participated an online TPD
program have post-test scores on TK (Z=
—2.133, p—value = .035) that are greater than
pretest scores on TCK (Z= -3.742, p-value =
.000), respectively. This evidence also indicated
that although the results show a statistically

significant difference in the two subscales of

10,00
9.00

8.00

Score
wn
o
k=)

-l W

TPACK, the others, including CK, PK, TPK,
and TPCK, also show the progression of sub-
scales of TPACK after participation in the on-
line TPD intervention. Figure 12 illustrates the
comparison between the pretest mean scores
and the posttest mean scores of TPACK-

STEM.

[i
1Ll b b ﬂ

TPK PCE TPACK Total score

mPre mPost

*p =< .05; Total N = 61

Figure 12 Results of TPACK in integrated STEM education development based on the

andragogical TPD intervention for an online training program

Discussion and Conclusion

This research examined the effective-
ness of an andragogical TPD program equipped
with a personalized ubiquitous learning system,
which is targeted at science teachers in dif-
ferent contexts in terms of digital learning
experiences. The results from both studies
revealed that the TPD intervention is influ-
ential in enhancing adult teachers’ profess-
ional development in the field of integrating

digital technologies into STEM practice for a

particular concept. These findings could be an
alternative and effective way to enhance adult
teachers’ essential knowledge of technology—
supported learning in science by concerning
individual differences.

The findings of this study are con-
sistent with a previous study on implementing
personalized learning for teacher professional
development, which had a positive impact on
their improvement (Voogt et al., 2015), i.e.,

the teachers who participated in personalized
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learning intervention had significantly higher
posttest scores than those of the control
group and were actively engaged in person-
alized learning for their practices. In the
personalized learning environment, if given
self-analysis and self—directed support in a
learning situation, adult learners have a higher
level of metacognition than children and will
likely have more in—depth and potentially
accurate responses (Salles et al., 2016).
Likewise, Kajonmanee et al. (2020) indicated
that a personalized learning environment based
on learning styles and TPACK complications
could significantly improve teachers’ TPACK
learning outcomes in almost all TPACK frame-
work. In terms of applying adult learning prin-
ciples to design TPD workshop of this re-
search, the researchers suggest that the appli-
cation of these principles might have a critical
impact on the adult professional development
program, shifting the learning process and
address their learning preferences. There are
several studies that implied the impact of an-
dragogy principles and practices. For instance,
Ayvaz-Tuncel and C,obanogTu (2018) con-
ducted in—service teacher training to inves-
tigate views and suggestions for TPD pro-
grams. This research suggested that an
andragogy principle should be taken into
account for designing and organizing an
effective TPD program. Appova and Arbaugh
(2017) found that andragogy is one of four

theoretical pillars of teachers’ motivation to
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learn for supporting professional growth.

Evidence obtained by the analysis
data of an online andragogical TPD workshop
with a personalized ubiquitous learning system
reveals that the in—services science teachers
had a progression on TPACK regarding inte-
grated STEM education, especially for TK,
TCK and the total score. The results showed
the same improvement with the face—to—face
andragogical TPD intervention. This finding
indicated that the revised instructional model
for the online workshop could encourage tea-
chers’ professional knowledge of integrating
digital technologies into teaching practice,
who have experience in the prior digital learn-
ing environment. This result is consistent with
Russell et al. (2009) and Binmohsen and Abra-
hams (2020), who found that teachers had
positive outcomes after participating in an
online professional development course. One
reason might be that a well-designed online
professional development course that had
contents and activities of learning experience
and was relevant to and easy for adults are
key to their persistence and successful learning
(Elliott, 2017; Shapiro et. al., 2017).

To summarize, this research provides
cases of implementation of the andragogical
TPD intervention program of TPACK in inte-
grated STEM education. Collectively, these
two studies attempted to utilize a harmo-
nization of the personalized ubiquitous learn-

ing system and andragogical principles in the
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TPD intervention. It appears that this harmo-
nization was successful at improving tea-
chers’ TPACK and has the potential to pro-
vide educators an alternative approach in pro-
fessional development for face—to—face and
online workshop organization. The implication
for future research in the field of TPD for
teachers’ TPACK-STEM education improve-
ment is that the intervention should include a
follow-up session and redesign the learning
activities for adult learners to maximize their
TPACK comprehension in integrated STEM

education.
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