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Abstract—This research focuses on developing an Artificial Intelligence (AI)-based educational program within the Technological
Pedagogical Content Knowledge (TPACK) framework to enhance the competency of pre-service teachers in Al convergence education.
To assess the effectiveness of this program, South Korean pre-service teachers participated in a study where they engaged in Al
convergence TPACK education. Freshman students were divided into two groups: one received traditional Al education, while the
other took part in the AI convergence TPACK educational program. An evaluative tool was used to measure the Al-convergence
teaching skills of these pre-service teachers. The results of the study revealed that the AI convergence TPACK educational program
significantly contributed to developing AI convergence teaching capabilities among the participants. Furthermore, a comparative
analysis demonstrated a substantial advantage in the Al convergence education skills of teachers who participated in the TPACK
program compared to those who received Al education alone. Notably, the most significant improvements were observed in Pedagogical
Content Knowledge (PCK) and TPACK, which were identified as critical components of Al convergence teaching expertise. This
research underscores the importance of a tailored and comprehensive approach to training pre-service teachers in the ever-evolving
landscape of Al in education. It highlights the effectiveness of the AI convergence TPACK educational program in enhancing pre-
service teachers' Al convergence teaching skills and emphasizes the pivotal role of PCK and TPACK in preparing educators for Al-
integrated educational environments.
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of a Flash-based program to simulate the retrograde motion of

I. INTRODUCTION the moon allows learners to visualize and comprehend the
underlying principles of this phenomenon [5]. Such initiatives
have demonstrated the potential of integrating technology in
the classroom to enhance learner understanding and improve
overall classroom efficiency [8], [9]. Researchers have thus
conducted numerous studies to explore effective strategies for
leveraging technology in educational settings to optimize
teaching and leamning processes. These investigations
generally aim to identify methodologies that will maximize
the benefits of technology integration, ultimately leading to
more efficient and effective classroom practices [1], [2], [10].
Several studies have been conducted to integrate
technological knowledge (TK) into PCK, which traditionally
encompasses a teacher’s expertise. In 2006, Koehler and
Mishra proposed a novel framework called TPACK, which
combines PCK with TK. Just as the existing PCK develops
through the interaction of pedagogical knowledge (PK) and

In transmitting knowledge through traditional teaching
methods involving textbooks and blackboards, pre-service
teachers and educators often encounter limitations when
explaining concepts beyond learners’ direct experiences or
phenomena that operate in three dimensions [1]-[3]. To
address this issue, learners are often encouraged to engage in
activities or use models and drawings to illustrate such
phenomena. However, these methods frequently impose a
cognitive burden on learners, particularly those who struggle
with comprehension [4]-[7].

Researchers have introduced various technologies to the
educational field in response to these challenges. Information
and communication technology (ICT), in particular, has
emerged as a promising tool for presenting complex concepts
in a more accessible manner. For instance, the development



content knowledge (CK), TPACK involves the interaction of
PK, CK, and TK to enhance the development of PCK,
technological  pedagogical knowledge (TPK), and
technological content knowledge (TCK). The interaction of
PCK, TPK, and TCK contributes to the cultivation of TPACK
[11],[12]. The development of TPACK signifies the capacity
of pre-service teachers and educators to effectively use
technology while considering the content and various
teaching/learning processes [13]. In 2019, Mishra proposed
an extended TPACK framework that incorporates context
knowledge (XK) as an additional element, recognizing the
necessity of fostering knowledge of the educational context
due to changes in classroom environments. With the rapid
advancement of technology, researchers have focused on
enhancing TPACK among pre-service teachers and educators
across various subject areas [13]-[16].

Even when they have undergone TPACK education, both
pre-service teachers and experienced educators have faced
challenges in effectively integrating technology into their
classrooms. While the aim of TPACK education is to provide
the necessary knowledge and skills to use technology in
alignment with the learning content and with
teaching/learning contexts, pre-service teachers and educators
have expressed difficulties in effectively leveraging
technology within the classroom setting [4], [6], [7].

The challenges associated with incorporating technology
into the classroom stem from the inherent nature of
technology, which, in general, is primarily developed for
industrial applications rather than educational purposes,
leading to suboptimal usage for educational contexts.
Comprehending the technology itself, identifying suitable
applications, and designing both the technology and lessons
accordingly are all imperative in order to effectively integrate
technology into the classroom [11], [12].

For example, 3D printers can rapidly translate models into
physical objects. Despite their non-educational origins, 3D
printers can serve a number of educational purposes by
swiftly generating various items, provided appropriate
designs are available. The advantages of 3D printers can be
harnessed for numerous educational settings, such as
fabricating molecular structures to elucidate chemical
bonding or constructing DNA models in biology. As one
example, researchers conducted a study in South Korea in
which 3D printers were introduced into schools. However,
integrating 3D printers in the classroom did not yield the
expected level of success. This failure could have been
attributable to the functional limitations of 3D printers, which
can hinder their practical usage even when teachers have been
trained in their use. Although 3D printers can quickly produce
items based on designs, few people can effectively leverage
their functionalities. Therefore, even if pre-service teachers
and educators do grasp how to use 3D printers, they often
have to explore where within the curriculum they can use such
technology, design lessons accordingly, and effectively
incorporate the 3D printers. A particular challenge is to adapt
technology that was not originally intended for educational
purposes to the classroom environment, further complicating
the understanding of principles and mastery of its usage by
pre-service teachers and educators [4], [7]-[9].

As a result of these functional limitations, technology is
frequently used in a manner akin to traditional instructional

tools for knowledge transmission rather than being tailored
specifically to classroom environments [7]. For instance,
textbooks and blackboards are used in conventional
classrooms when elucidating the concept of photosynthesis in
a biology course. In contemporary settings, pre-service
teachers and educators might use smart boards, tablets, and
similar technologies to deliver lessons, yet ultimately, the
technology merely serves as a means to explain the principle
of photosynthesis.

Kim and Lee [17] conducted a study with the aim of
integrating a programming language as a technical tool within
TPACK to address the functional limitations of existing
technologies. Unlike conventional technologies,
programming languages enable developers to create programs
once they possess an understanding of the programming
development environment. While text-based programming
languages have posed challenges for learners in the past, the
advent of Scratch, a block-based programming language, has
mitigated these difficulties within the learning process [18].
Both pre-service teachers and educators who are new to
programming languages can easily grasp the programming
development environment, allowing them to create their
desired programs swiftly and effortlessly. In contrast,
conventional technologies are confined to specific functions,
which impedes their usage within the classroom.
Programming languages surpass these limitations by
empowering pre-service teachers and educators to generate
custom programs tailored to their instructional needs.
Researchers have consequently devised an educational model
and program to incorporate programming languages as
technological tools within the TPACK framework [17]-[19].
In line with this work, education programs have been
implemented in South Korea to enhance the competencies of
pre-service teachers and educators in using programming
languages, along with the development and implementation
of new curricula.

In the realm of computing, advancements in deep learning
and machine learning algorithms are expanding the
capabilities of artificial intelligence (AI). As a technology, Al
can analyze vast amounts of data, make inferences, and learn
behaviors. Various applications have emerged with the
development of Al technology, including natural language
processing, image recognition, and prediction and
recommendation systems, which has led to increased usage of
Al across diverse fields. In the field of education, Al is being
employed in learning analytics and counseling systems
through generative Al, which has enabled the analysis of large
student datasets that previously posed various challenges
[20]-[23].

South Korea has implemented various policies and
initiatives to enhance the competence of pre-service teachers
and educators in effectively integrating Al for efficient
instruction. For instance, the Graduate School of Al
Convergence Education was established to equip teachers
from all disciplines with the necessary skills to use Al, and
courses on Al convergence education are now mandatory in
pre-service teacher education programs. The revised
curriculum for 2022 incorporates Al into various subjects,
with the aim of fostering “digital-Al literacy” [24].

Despite the growing importance of Al education, national-
level policies have been implemented in South Korea without



clear definitions or education plans for Al convergence
education, which has made the cultivation of human resources
in the field of Al within schools challenging; both pre-service
teachers and educators tasked with delivering Al convergence
education face difficulties as a result [24].

The present study used the TPACK framework to design
an educational program to develop pre-service teachers’
teaching expertise in Al convergence education. Specifically,
an Al convergence education model was devised by
integrating Al as a technological tool within the TPACK
framework, and an education program for pre-service teachers
was constructed based on this model. The educational
program was implemented with pre-service teachers to assess
its efficacy, and the effectiveness of the program was
evaluated.

II. MATERIALS AND METHOD

A. Materials

In order to cultivate teaching expertise in Al convergence
education among pre-service teachers, a TPACK teaching
model was developed based on an analysis of relevant
literature. Factors that might enhance pre-service teachers’
teaching expertise were explored through a comprehensive
examination of previous studies. The TPACK teaching model
was formulated by integrating these factors.

The first component within the TPACK teaching model
consists of brainstorming. This step is essential for pre-service
teachers to generate and exchange ideas that they can then
apply to integrate technology effectively within the context of
content, teaching, learning methods, and the educational
setting [25]. Brainstorming enables pre-service teachers to
generate ideas for lesson planning, assess the viability of those
ideas, and incorporate them into the design of their lessons.
Prior research on TPACK has consistently demonstrated that
when pre-service teachers engage in brainstorming as part of
the lesson design, such sessions facilitate the development of
TPK and TCK [26]. These findings underscore the
significance of including brainstorming as a crucial
component within an Al-based TPACK educational model.

The second component pertains to the incorporation of
TPACK theory. Existing literature on TPACK highlights the
significance of exploring theoretical frameworks related to
TPACK to foster its development [25]-[27]. Koh and Chai
[28], for example, emphasized that comprehending TPACK
theory must precede the cultivation of TPACK, and they
stressed the importance of exploring the theoretical
underpinnings of TPACK in TPACK education. Specifically,
pre-service teachers, who are typically in the developmental
stage of PK, CK, TK, and XK, must grasp the implications of
TPACK education based on their understanding of TPACK
theory [11], [19], [29], [30]. This understanding will then
enable them to recognize the necessity of integrating Al in the
classroom and equip them with the capacity to employ Al in
specific classroom contexts effectively.

The third factor involves lesson design. While pre-service
teachers must explore integrating technology within their
lessons, they must also actively contemplate how they might
effectively use technology in the instructional process.
Exploring the use of Al during lesson design can significantly
contribute to developing their ability to leverage technology

within an educational context. This practice will then
facilitate the advancement of pre-service teachers’ TPACK by
fostering meaningful interactions among TK, CK, PK, and
XK [11], [30], [31]. Pre-service teachers thus must design
comprehensive lesson plans, activities, and instructional
guides that will incorporate Al effectively.

The fourth factor pertains to the curriculum. Previous
research on pre-service teachers' teaching expertise
underscores the curriculum's significance [32],[33]. In the
South Korean context, education is grounded in the national
curriculum. Pre-service teachers can thus gain insights into
the characteristics, objectives, nature, interconnections,
content organization, teaching/learning approaches, and
assessment methods through an understanding of the
curriculum. Without such a comprehensive understanding,
even with a high level of TK, pre-service teachers may
encounter difficulties in effectively using technology in
alignment with the curriculum content. In such instances,
technology-driven education may prevail instead of
leveraging technology for effective teaching practices. Pre-
service teachers thus must grasp the intricacies of the
curriculum, as only through this understanding will they be
able to realize the development of TPACK [24].

The fifth factor pertains to finding lesson examples.
Compared to experienced teachers, most pre-service teachers
have limited experience designing and delivering lessons. As
a result, they often encounter challenges and spend
considerable time designing new lessons, even within their
own subject areas. Incorporating technology into the lesson
design process further adds to the cognitive load experienced
by pre-service teachers [4], [5], [6]. Previous studies have
demonstrated that pre-service teachers are more inclined to
integrate technology into their lesson designs when they are
provided with examples of lessons and when they analyze
how technology was used and for what specific purposes
within those lessons. The exploration of classroom examples
thus alleviates the difficulties that pre-service teachers often
face when incorporating technology in the classroom,
facilitating the exploration of effective ways to integrate
technology. This approach, in turn, will foster the
development of TPK and TCK, thereby promoting the overall
development of TPACK among pre-service teachers [7],[34].

The sixth factor revolves around Al Previous studies on
TPACK have predominantly focused on ICT as a technology
tool [35],[36]. For instance, Baran and Uygun (2016)
incorporated ICT as a technology tool within their TPACK
instructional model, employing design-based instruction [37].
However, ICTs often pose challenges in diverse educational
contexts due to their specific functionalities [38]. In contrast
to ICTs, programming languages offer a development
environment that allows the creation of educational materials
and activities aligned with specific educational purposes
without the same functional limitations [17]. As previous
studies have indicated, simulating or visualizing complex
concepts can also facilitate higher-order cognitive
development among students [39]. Still, the block-based
programming language used in previous studies was
relatively easy for pre-service teachers to learn, but the scope
of programs they could develop was limited. In contrast, Al
encompasses diverse functions that can facilitate efficient
learning by leveraging data-driven learning approaches. By



acquiring knowledge of programming development
environments and Al, pre-service teachers thus can design
lessons that will promote effective learning [17],[25].

The seventh factor pertains to “microteaching.” Pre-service
teachers, who typically have less experience than practicing
teachers, require opportunities to demonstrate their
understanding of the field and ability to design lessons within
educational contexts. By engaging in microteaching, they can
enhance their understanding of CK, TK, and PK in relation to
educational contexts [37],[38]. Since pre-service teachers
may not be able to teach in actual school settings,
microteaching can serve as a valuable simulation for their
designed lessons [40]. Through microteaching, pre-service
teachers can explore pedagogical contexts they may not have
previously considered and gain insights into how CK, TK, and
PK interact to create effective lessons. As a result,
microteaching can play a practical role in the development of
pre-service teachers’ TPACK [30].

The eighth factor involves lesson reflection. Pre-service
teachers can evaluate their own TPACK by reflecting on their
lesson design and microteaching outcomes. By comparing
their own results with those of others, they can identify their
weaknesses and find areas for improvement. Thus, when pre-
service teachers engage in lesson reflection, they can assess
their TPACK level and determine further directions for
TPACK development [40],[41]. This process can help to
enhance pre-service teachers’ TPACK and improve their
skills in designing effective lessons [40].

The final factor is collaboration. In the complex context of
education, particularly for pre-service teachers who are still in
the process of developing their knowledge about education,
finding a definitive answer can be challenging. Because
determining how to effectively integrate Al into the classroom
based on the educational context alone can be difficult, having
a collaborative design process that involves colleagues with
diverse perspectives is essential to identify appropriate
solutions according to the specific educational context.
Engaging in collaborative lesson design processes can assist
pre-service teachers in comprehending the interplay between
TK, PK, and CK, as well as exploring ways to incorporate
technology in authentic educational settings [35], [40], [42],
[43]. Collaboration among peers can greatly contribute to
facilitating pre-service teachers’ exploration of efficient
methods for using Al [42].

Based on the educational model noted above, an education
program was developed in the present study to enhance the
expertise of pre-service teachers in Al convergence teaching.
This education program encompasses five key phases:
analysis, exploration, design, application, and evaluation. In
the analysis phase, pre-service teachers examined challenges
and issues within their own classroom contexts. The
exploration phase involved delving into TPACK theory,
curriculum, teaching practices, and Al to address any
problems that were identified. In the design phase, pre-service
teachers created lessons to tackle the challenges identified
during the analysis phase, incorporating the insights they had
gained from the exploration phase. During the application
phase, microteaching sessions were implemented based on the
newly designed lessons. Finally, during the evaluation phase,
the pre-service teachers reflected on the lessons they had

taught and made subsequent improvements to enhance their
effectiveness.

B. Methods

1) Overview: The program was administered to pre-
service teachers to validate the education program developed
for this study. Pre- and post-tests were then conducted. The
Al-based TPACK education program and Al education were
implemented at two universities, and Kim and Lee [45] found
that AI Convergence Teaching Expertise test tool was
administered before and after the education program. The
impact of the Al-based TPACK education program on the Al-
convergence teaching expertise of pre-service teachers could
be assessed by analyzing the test results.

2) Participants: The subjects of the present study were
pre-service teachers from A and B Universities in South
Korea. The experimental group consisted of pre-service
teachers from A University. Initially, 50 pre-service teachers
were recruited for the study, but after exclusion of those who
had not fully participated in the treatment or test, 26 pre-
service teachers were selected as the final study subjects. The
control group consisted of 13 pre-service teachers from
University B who participated in both the treatment and the
test. All the pre-service teachers in the study were freshmen.
The majors of the participants in the experimental group
included history, math, education, and informatics (in South
Korea, the major for pre-service teachers who teach computer
science, computing, or computers is referred to as
informatics). The control group comprised students majoring
in informatics, biology, history, physics, and math. Gender
distribution was balanced between males and females in both
groups.

3) Treatment: The study was conducted during the first
semester of the 2022 academic year, from March to June. The
participants received 2 hours of lectures per week for a total
of 15 weeks, amounting to 30 hours in total. The lecture
content was delivered using an Al-based TPACK education
program. The experimental group underwent the treatment in
a step-by-step manner, following the analyze-explore-design-
implement-evaluate sequence.

During the analysis phase, the participants examined the
problems they had encountered in their own teaching
practices. Pre-service teachers often face challenges when
seeking ways to incorporate technology (in this case Al) in
the classroom due to their limited experience in actual school
settings. The purpose of introducing technology was thus to
identify solutions to classroom issues based on their own
teaching experiences. Students had an easier time integrating
technology in this context [7], [17], [44].

The participants identified the requirements for effective
lesson design during the subsequent exploration phase. This
step involved exploring TPACK theory to promote
technology integration, investigating curriculum and relevant
teaching examples to inform lesson design, and exploring
programming development environments and Al to use such
technology properly. In the design phase, the participants
organized the problems identified during the analysis phase,
and they designed AI convergence lessons based on the
knowledge they had acquired during the exploration phase.



During the application phase, students conducted
microteaching sessions with their peers. In the final
evaluation stage, students assessed their peers’ lessons,
compared them with their own, and reflected on the outcomes
in order to make improvements [17], [37], [44] (see Table 1).

TABLEI
ORGANIZING AN Al CONVERGENCE EDUCATION PROGRAM FOR PRE-SERVICE
TEACHERS
Phase Content
Analysis Analysis of a problem in class
Exploration of TPACK theory
Exploration of TPACK class with Al
Exploration Exploration of the curriculum
Exploration of Al and the programming
development environment
Design Design of an Al convergence lesson
Application Microteaching
Evaluation Reflection

Elaboration of lesson and feedback

The control group received treatment targeted at enhancing
their understanding of Al. They acquired knowledge and
principles related to Al and engaged in practical exercises to
develop Al programs using a block-based programming
language. In contrast, the experimental group learned about
Al and designed lessons that incorporated Al. Thus, while the
experimental group focused on both Al learning and lesson
design, the control group primarily emphasized Al program
development.

4) Measurements: Kim and Lee [45] revealed that Al
Convergence Teaching Expertise test tool was used as the
screening tool in this study. This test tool was built upon the
TPACK test tool and incorporates Al as a technology
component. Generally, PCK serves as a crucial indicator of
teaching expertise in teacher and pre-service teacher
education. With the increasing integration of technology in
education, the significance of TPACK, a framework that
merges PCK and TK, has also grown. Consequently, TPACK
can be regarded as the teaching expertise of pre-service
teachers. The present study thus used TPACK as an
assessment tool for measuring the teaching expertise of pre-
service teachers [45].

The screening tool comprises a total of 41 questions and
uses a S-point Likert scale for responses. The test
encompasses various factors, including CK, TK, PK, XK,
TCK, PCK, TPK, and TPACK. This test is distinct from
existing TPACK assessments in that it introduces XK as an
additional factor, structures TK-related questions around Al,
and incorporates the content of Al convergence into the TCK,
TPK, and TPACK questions [45]. The items in the instrument
were derived through an analysis of prior research and expert
review, and their reliability and validity were assessed with
pre-service teachers. As a result, a total of 41 items were
validated. The overall reliability of the test instrument was
found to be 0.973, with the sub-factors demonstrating
reliability ranging from 0.818 to 0.946 [45].

III. RESULTS AND DISCUSSION

When comparing the teaching expertise in Al convergence
between the experimental (M = 3.10, SD = 0.45) and control

groups (M = 2.89, SD = 0.70) at the pre-test, no significant
difference was found (t = 1.16, p = 0.26). This lack of
significant difference was observed in all sub-domains,
including CK (t=0.37, p=10.72), TK (t=0.60, p = 0.55), PK
(t=1.20,p=0.24), XK (t=1.54, p=0.13), TCK (t=0.52, p
=0.61), PCK (t = 1.38, p = 0.18), TPK (t = 0.76, p = 0.45),
and TPACK (t = 0.68, p = 0.50). These findings indicate that
the experimental and control groups had comparable levels of
expertise in teaching Al convergence prior to the education
program. Table 2 presents the expertise of both groups in Al
convergence teaching at the pre-test.

TABLEII
EXPERIMENTAL AND CONTROL GROUPS’ TEACHING EXPERTISE IN
ARTIFICIAL INTELLIGENCE CONVERGENCE EDUCATION AT PRE-TEST

Domain Group N M SD t )/

Exp. 26 2.52 0.66
CK 037  0.72
Con. 13 2.42 0.96

Exp. 26 279 0.5
TK 0.60  0.55
Con. 13 267  0.68

Exp. 26 3.45 0.39
PK .20 0.24
Con 13 3.21 0.84

Exp. 26 3.27 0.42
XK 1.54  0.13
Con. 13 2.99 0.72

Exp 26 271 072
TCK 052 0.6l
Con. 13 256 0.94

Exp. 26 3.26 0.64
PCK 1.38  0.18
Con. 13 2.92 0.84

Exp. 26 3.22 0.66
TPK 0.76  0.45
Con. 13 3.05 0.69

Exp. 26 3.10 0.67

TPACK 0.68  0.50
Con. 13 2.93 0.79

Exp. 26 3.10 0.45
Total 1.16 0.26
Con. 13 2.89 0.70
Note. CK: content knowledge, TK: technological knowledge, PK: pedagogical
knowledge, XK: context knowledge, TCK: technological content knowledge,
PCK: pedagogical content knowledge, TPK: technological pedagogical
knowledge, TPACK: technological pedagogical content knowledge.

In contrast to the experimental group, the control group
focused on acquiring knowledge about Al and developing Al
programs. An examination of the changes among pre-service
teachers resulting from these treatments showed that their Al
convergence classroom expertise had improved significantly
from the pre-test (M = 2.89, SD = .70) to the post-test (M =
3.50, SD = .40); t = -2.44, p = .03. A significant difference in
Al convergence teaching expertise was also noted between
the two groups. These findings confirm that pre-service
teachers who received Al education also experienced
improvements in their Al-integrated teaching expertise.
Specifically, significant changes were observed in the sub-
factors of TK (t =-2.55, p=.03), XK (t=-2.58, p=.02), TCK
(t=-2.72,p=.02), PCK (t=-2.17, p =.05), and TPACK (t =
-2.33, p = .04), all of which showed improvement from the
pre-test to the post-test. The changes in Al convergence



teaching expertise within the control group are presented in

Post 3.67 0.77

Pre 3.26 0.64 .
PCK -4.61 0.00
Post  4.06 0.60

Pre 3.22 0.66 .
TPK 3.92 0.00
Post  3.94 0.63

Pre 3.10 0.67 .
TPACK -4.79 0.00
Post 3.95 0.51

Pre 3.10 0.45 .
Total -5.10 0.00
Post 3.82 0.50

*p <.05

In the post-test, the experimental group (M = 3.82, SD
= .50) demonstrated higher expertise in teaching Al
convergence than the control group (M = 3.50, SD = .40),
which was statistically significant. While no initial
differences were noted between the experimental and control
groups in the pre-test, the post-test results revealed a
significant difference (t = 2.07, p=.05). This finding suggests
that the treatment effectively improved the expertise of both
groups in Al-integrated teaching, but the pre-service teachers
in the experimental group showed greater improvement
compared to the control group. Thus, the conclusion may be
drawn that the Al-based TPACK education program was
effective in enhancing pre-service teachers’ Al convergence

Table 3.
TABLE III
CHANGE IN TEACHING EXPERTISE OF THE CONTROL GROUP
Domain Test M SD t p
Pre 2.42 0.96
CK -1.87 0.09
Post 3.10 0.84
Pre 2.67 0.68 .
TK -2.55 0.03
Post 3.33 0.56
Pre 3.21 0.84
PK -1.58 0.14
Post 3.66 0.47
Pre 2.99 0.72 B
XK -2.58 0.02
Post 3.63 0.46
Pre 2.56 0.94 .
TCK -2.72 0.02
Post 3.46 0.71
Pre 2.92 0.84
PCK -2.17 0.05
Post 3.53 0.42
Pre 3.05 0.69
TPK -2.03 0.06
Post 3.55 0.43
Pre 2.93 0.79 .
TPACK -2.33 0.04
Post 3.54 0.41
Pre 2.89 0.70 B
Total -2.44 0.03
Post 3.50 0.40
*p <.05

The experimental group received an understanding of Al
(like the control group) and Al-based TPACK instruction. As
a result of these interventions, pre-service teachers’ expertise
in teaching Al convergence significantly increased from the
pre-test (M = 3.10, SD = .45) to the post-test (M = 3.82, SD
=.50); t=5.10, p <.01. These findings provide evidence that
the Al-based TPACK education program effectively
enhanced pre-service teachers’ teaching expertise in Al
convergence.

Significant differences were observed between the pre-test
and post-test for all factors when examining the detailed
factors of Al-integrated teaching expertise. An overall
increase in the post-test scores was also noted compared to the
pre-test scores. This finding indicates that the Al-based
TPACK education program positively impacted the
development of pre-service teachers’ Al-integrated teaching
expertise. The changes in Al convergence teaching expertise
within the experimental group are presented in Table 4.

TABLE IV
CHANGE IN TEACHING EXPERTISE OF THE EXPERIMENTAL GROUP

Domain Group M SD t )4

Pre 2.52 0.66 .
CK -3.59 0.00
Post 3.26 0.83

Pre 2.79 0.55

teaching expertise (see Table 5).

TABLE V
EXPERIMENTAL AND CONTROL GROUPS’ TEACHING EXPERTISE IN
ARTIFICIAL INTELLIGENCE CONVERGENCE EDUCATION AT POST-TEST

Domain Group N M SD t )/
Exp. 26 3.26 0.83
CK .58 0.57
Con. 13 3.10 0.84
Exp. 26 3.45 0.79
TK 47 0.64
Con. 13 3.33 0.56
Exp. 26 4.02 0.47 .
PK 2.22 0.03
Con 13 3.66 0.47
Exp. 26 3.92 0.59
XK 1.58 0.12
Con. 13 3.63 0.46
Exp 26 3.67 0.77
TCK .80 0.43
Con. 13 3.46 0.71
Exp. 26 4.06 0.60 .
PCK 2.85 0.01
Con. 13 3.53 0.42
Exp. 26 3.94 0.63
TPK 1.99 0.05
Con. 13 3.55 0.43
Exp. 26 3.95 0.51 .
TPACK 2.49 0.02
on. 13 3.54 0.41
Exp. 26 3.82 0.50 .
Total 2.07 0.05
Con. 13 3.50 0.40
*p <.05

Regarding the sub-factors, significant differences were

TK -3.22 0.00"
Post 3.45 0.79
Pre 3.45 0.39 N
PK -4.40 0.00
Post 4.02 0.47
Pre 3.27 0.42 .
XK -4.09 0.00
Post 3.92 0.59
TCK Pre 2.71 0.72 -4.47 0.00"

observed in PK (t = 2.22, p = .03), PCK (t = 2.85, p = .01),
and TPACK (t = 2.49, p = .02), with the experimental group
outperforming the control group in all three factors. These
results indicate that the Al-based TPACK education program
was not universally effective for all aspects of pre-service



teachers’ Al-integrated teaching expertise, but the program
demonstrated greater efficacy than AI education alone in
developing specific factors.

This study’s findings confirmed that the Al-based TPACK
education program yielded positive results in developing pre-
service teachers’ Al-integrated teaching expertise. Notably,
however, the program did not significantly impact all factors
of Al-integrated teaching expertise. Only PCK and TPACK
showed statistically significant improvements compared to Al
education. These findings suggest that the education program
had a more pronounced effect on certain aspects of pre-
service teachers’ teaching expertise compared to Al education
alone [7], [17], [44], [45].

According to the results, pre-service teachers were able to
develop TK, XK, TCK, PCK, and TPACK even when they
received Al education alone. This finding can be attributed to
the interaction between the development of these factors in
the pre-service teachers’ curriculum and the knowledge
gained through the AI education. Both PCK and TPACK
showed improvement in both groups, but the improvement
was more pronounced among pre-service teachers who had
undergone the Al-based TPACK education program.
Conversely, TK and TCK showed improvement in both the
experimental and control groups, with no significant
difference noted in the level of improvement between the two
groups. Even though the control group received more
extensive Al education, the absence of a significant difference
in TK and TCK suggests that designing lessons using Al was
as effective as Al education alone in developing these factors.
These findings indicate the potential for identifying efficient
methods to develop TK and TCK within a shorter timeframe
[8], [46].

IV. CONCLUSION

In this study, an Artificial Intelligence (Al)-based
Technological Pedagogical Content Knowledge (TPACK)
education model was devised for pre-service teachers, and an
educational program suitable for classroom implementation
was developed. To validate the effectiveness of the education
program, Kim and Lee [45] found that AI Convergence
Teaching Expertise test tool was used to assess pre-service
teachers’ proficiency. Based on the findings of this study, the
following conclusions may be drawn.

First, an educational model was formulated to enhance pre-
service teachers’ capacity to design Al-integrated lessons for
the classroom. The Al-based TPACK education model
encompasses brainstorming, TPACK theory, lesson design,
curriculum, lesson examples, Al usage, microteaching, lesson
reflection, and collaboration. An Al-based TPACK education
program was also created for the professional development of
pre-service teachers in Al-integrated teaching. The newly
developed educational program includes analysis,
exploration, design, application, and evaluation.

Second, the Al-based TPACK education program
demonstrated its efficacy in enhancing the teaching
proficiency of pre-service teachers in Al-integrated
instruction. Those who had participated in the program
exhibited substantial advancements in their Al-integrated
teaching expertise from the pre-test to the post-test. The
results thus showed that the Al-based TPACK education
program effectively enhanced pre-service teachers’

competence in Al-integrated teaching. In comparison to their
counterparts who had not received Al education, those who
had undergone the Al-based TPACK education program
exhibited notable enhancements in their PCK and TPACK.
This finding further supports the Al-based TPACK education
program's effectiveness in enhancing pre-service teachers'
teaching expertise.

In this study, significant improvements were observed only
in the areas of PCK and TPACK when compared to the Al-
trained group. The TPACK framework aims to foster TCK,
TPK, and PCK by allowing interaction among TK, CK, and
PK, and to cultivate TPACK by facilitating integration among
these three forms of knowledge. However, this study had
certain limitations as the Al-based TPACK education
program exhibited a significant effect solely on the
development of PCK and TPACK. Future studies should
focus on enhancing the education program to yield significant
effects on other factors as well. Conducting research to
enhance educational programs in education is a complex task,
given the many factors involved. Hence, employing design-
based research, a methodology that integrates theoretical and
practical knowledge to enhance educational programs, is
essential for improving the Al-based TPACK education
program.

This study hypothesized that the Al-based TPACK
education program would have a greater impact on the
development of pre-service teachers’ TCK and TPK
compared to the Al-based education program alone. This
expectation was based on including components such as
lesson design, microteaching, and reflection in the program.
Contrary to expectations, however, no significant effects on
the TCK and TPK of pre-service teachers were observed. As
a result, further exploration will be necessary to investigate
approaches that could effectively foster the development of
TCK and TPK among pre-service teachers, this time
employing path analysis within the framework of TPACK.

In conclusion, this study specifically focused on pre-service
teachers in South Korea, which also has graduate schools and
education programs for in-service teachers. This situation
highlights the need to develop education programs tailored to
teachers based on the findings of this study. Further research
should be conducted to verify the effectiveness of such
programs. The outcomes of this study are expected to make
valuable contributions to the advancement of Al convergence
education and TPACK research in South Korea.
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