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Abstract

Background/Objectives: This study aimed to investigate and complement the ways of improving the Technological Pedagogical
Content Knowledge-Programming (TPACK-P) educational program and verify the improved program’s effect on pre-service
teachers’TPACK.

Methods/Statistical Analysis: The TPACK-P educational program was conducted for 19 pre-service teachers; two difficulty items were
investigated. A survey was administered to identify any improvement. To verify the effect of the improved program on the pre-service
teachers’ TPACK, two programs involving distinct technological tools were applied to the control and experimental groups. To generate
comparable results, the same research procedure was adopted as in a previous study, with some modifications.

Findings: The pre-service teachers had difficulties in the process of learning programming, designing lessons, and developing programs
in the TPACK-P educational program. In addition, they needed increased time for learning programming and analyzing the activities in
the TPACK-P class. Therefore, the improved TPACK-P educational program added programming-based activities (analysis of
curriculum based on programming, analysis of TPACK-P instructional cases, and development of the TPACK-P program in the
programming environment). As a result of engaging the pre-service teachers in the improved TPACK-P educational program, the pre-
service teachers” TPACK was effectively developed in all areas. Moreover, it was found to be more effective in improving the
knowledge of technology than information and communication technology (ICT)-based TPACK educational program was.
Improvements/Applications: This study can be used as a basic foundation for carrying out programming-based TPACK education for

pre-service teachers.

Keywords: TPACK, Pre-service teacher, TPACK-P, Programming, Difficulties in programming

1. Introduction

In modern times, the shapes of the economy, society, education,
and life are changing rapidly, and the development of technology
has played a major role in these changes. Technology has been
introduced into existing disciplines, creating new disciplines and
leading social change [1]. As a result, technology’s importance is
increasing, and it is predicted that technology will transform the
future society into something that has not been experienced
previously [2].

As in other areas, the need for technology is emphasized in
education. Traditional education has focused on delivering
knowledge to students from the perspective of behaviorism theory
[3]. However, as education from a constructivist perspective has
emerged, the shape of education has also changed. As a result,
technology has been actively introduced to overcome difficulties
in traditional education and support effective learning in the
classroom, from Overhead projector to computers, smartphones,
and tablet Personal computer [4]. However, although the tools of
technology have actively been developed, the purpose of
practically using technology in the classroom has not changed
much [5]. This phenomenon has arisen because teachers do not
use technology properly in class. In short, teachers have trouble
integrating technology into the classroom.

One of the reasons why teachers do not use technology properly in
the classroom environment is their lack of knowledge concerning
technology [6]. As a result of this, the need for knowledge of
technology has been emphasized, and TPACK, which combines
technology knowledge with Pedagogical Content Knowledge
(PCK), has emerged. TPACK is a way of understanding the
functions and limitations of technology and using technology
appropriately in accordance with the contents of the curriculum,
teaching method, and educational context [7,8]. TPACK’s
importance has increased with the development of technology, and
studies seeking to improve in-service and pre-service teachers’
TPACK have been actively conducted [9].

Technology is basically a context-neutral tool. Therefore, although
the knowledge of technology has increased, teachers have
difficulty using it in schools, where various contextual factors are
at work. Thus, research on the available technological tools has
been carried out. Furthermore, programming languages,
representing is a tool for reducing the influence of the educational
context and developing and applying it according to the teachers’
needs, has attracted attention [10]. As the effectiveness of the
program has been verified when applied to subjects other than
computer science [11,12], studies have been conducted to
introduce programming language as a technological tool in
TPACK [13]. Thus, the TPACK-P education model, a
programming-based TPACK education model based on design-
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based learning(DBL), has been developed through the analysis of
previous research [10,14, 15].

The TPACK-P educational model was created to improve pre-
service teachers” TPACK [15]. In addition, the TPACK-P
educational program was developed from the model. In previous
research, the TPACK-P educational program was applied to pre-
service teachers, and the results showed that it is only effective in
some areas of TPACK. TPACK requires integrated development,
not individual knowledge development [16,17,18]. Therefore,
when all the specific areas are developed in pre-service teachers’
TPACK, the pre-service teachers’ teaching expertise can be
improved, while technology integration into the classroom can be
achieved [19-22]. Accordingly, in this study, the TPACK-P
educational program was applied in pre-service teacher training,
and the factors causing difficulties in the pre-service teachers’
TPACK development were investigated in the TPACK-P
educational program. Furthermore, the TPACK-P educational
program was improved based on the factors studied in the
research. Moreover, to verify the effect of the improved TPACK-P
educational program on the pre-service teachers’ TPACK, a study
was conducted on applying the education program. This study
confirmed the effectiveness of the TPACK-P educational program.

2. Development of the Improved TPACK-P
Educational Program

2.1 Method
2.1.1 Research Procedure

In this study, the TPACK-P educational program was developed to
improve pre-service teachers” TPACK. To accomplish this, the
following procedure was carried out: First, prior TPACK-P
research was analyzed, and second, difficulties and improvements
were investigated concerning the design process of programming-
based teaching/learning for pre-service teachers who received the
TPACK-P educational program. Following this, the results of the
questionnaire were analyzed and improvement methods for the
TPACK-P educational program were derived. Finally, based on
the improvements, the TPACK-P educational program was
improved.

2.1.2 Participants

The participants in this study were 19 pre-service teachers
attending the Korea National University of Education(KNUE) in
Korea. The recruitment of the pre-service teacher opened the
TPACK-related course at KNUE, and the pre-service teachers
applied for the course. In this study, the research subjects were
pre-service teachers who agreed to participate and completed the
administered survey.

In terms of their characteristics, there were more female (79%)
than male (21%)pre-service teachers. In addition, the pre-service
teachers had various majors, including technology, Chinese,
geography, home economics, English, and music. In terms of their
university level, they were mainly freshmen (58%), sophomores
(26%), junior (14%) and there were no seniors.

Less than half the pre-service teachers had no experience
programming (42%). The pre-service teachers with programming
experience (42%) had mostly experienced block-based
programming. A small number of pre-service teachers had
experienced text-based programming languages. However, the
pre-service teachers had not learned much programming in depth;
rather, they were exposed to simple examples in lectures and
activities. The participants in this study had all attended classes
related to Pedagogical Knowledge (PK), but less than half had had
lectures related to PCK (47%).

2.1.3 Treatments

The treatment was conducted during KNUE’s Fall/Winter
semester in 2016. The researchers offered a lecture on the
TPACK-P educational program at KNUE, and the pre-service
teachers who participated were aware of the lecture contents in
advance. The lectures were conducted from August 29, 2016 to
December 9, 2016 (15 weeks), for 3 hours each week. In this
study, the TPACK-P educational program developed by Kim and
Lee (2017) was used for the treatments [10]. In the 15-week
educational program, the pre-service teachers analyzed the
problem of the subject, explored the theoretical content of TPACK
and programming language environment and example from the
TPACK class and curriculum contents, designed and applied a
programming-based class, and evaluated the class. The
educational programs were designed as DBL, and the pre-service
teachers taught the material via a team project [10,14].

2.1.4 Investigation

After conducting the team project, the pre-service teachers were
asked two questions to investigate the difficulties they experienced
and points they would like to see improved in the TPACK-P
educational program. The first question related difficulties in the
processes of learning programming and creating a program to be
used in class. The second question asked how the TPACK-P
educational program could be improved. The pre-service teachers
described their thoughts, and their responses were categorized. To
ensure validity, three experts compared and analyzed the results.
In addition, the researchers sought to achieve a consensus on their
categorization of the pre-service teachers’ opinions.

2.2 Results

All the pre-service teachers reported that they had difficulty in the
process of learning programming and creating programs that could
be used in class. They experienced major difficulties in the
TPACK-P educational program concerning the three following
topics: learning the programming language, designing
programming-based lessons, and creating the designed program.

2.2.1 Difficulty in Learning a Programming Language

Seven out of the 19 pre-service teachers (36.8%) had difficulty in
learning programming. Most were unfamiliar with the
programming language(Scratch) that was first presented
encountered. Therefore, it was not easy to become accustomed to
using scratch. Especially, the participants reported difficulty in
creating and utilize variables, and they found it difficult to
implement a logical structure. Furthermore, although the pre-
service teachers found it easy to create scratch programs from the
lectures, it was difficult for them to explain and understand how
the program works [24,25].

2.2.2 Difficulty in Designing a Programming-based Class

Eight pre-service teachers (42%) had difficulty in designing
programming-based lessons according to the content and
curriculum. The participants recognized the educational effects of
programming through the TPACK-P educational program.
However, they had difficulty in finding ways of introducing
programming into their curriculum and utilize programming for
instruction in accordance with the curriculum. One of the reasons
for this difficulty was a gap between the programs that the pre-
service teacher anticipated creating before learning programming
and the programs that could actually be produced after learning
programming. These differences caused difficulties in designing
programming-based lessons to fit the subjects” programming
competencies. As a result, the pre-service teachers had difficulty
in determining what program to produce in the curriculum and
what program to introduce in the class. In addition, it was difficult
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to for then to conceive what programs were needed for actual
classes and determine what programs could be applied to the
curriculum.

2.2.3 Difficultyin the Process of Designing Programs

Seven pre-service teachers (36.8%) answered that they
experienced difficulty in the final development process in the
programming-based class. The most common reason for this
difficulty was that they did not know what blocks to use in the
process of developing in scratch. Although the pre-service
teachers designed the program they wanted to create, they could
not confirm the blocks in the program-making process.

2.2.4 Improvement of the TPACK-P Educational Program for
Pre-Service Teachers

The pre-service teachers voiced several opinions on the
improvement of the TPACK-P educational program. First, more
time allocation was needed for programming learning and
analyzing the example of programming-based instruction. Some
pre-service teachers who participated in this study had
experienced programming previously, but there were also pre-
service teachers who were new to programming. In addition, there
were many pre-service teachers who majored in subjects that were
less relevant to programming, such as music, home economics,
geography, English, ethics, Chinese, early-childhood, and
environmental studies. These factors made it difficult to become
accustomed to programming. Therefore, the pre-service teachers
had many difficulties in becoming familiar with the programming
language and producing the designed program. These results are in
line with research investigating the difficulties in existing
programming education [24,25]. Thus, this study showed that pre-
service teachers had difficulty in developing programs using
block-based programming language, and thus, they needed more
time to do so.

Second, it was necessary to analyze the class example that was
designed by using programming. In the TPACK-P educational
program, activities for analyzing the TPACK class practice
example were conducted, but there was no activity relating to
analyzing the programming-based TPACK class case. Because of
the lack of such class activities, the pre-service teachers said that
the notion of how programming could be introduced into subject
and curriculum was vague.

The responses to the two questions suggest that the pre-service
teachers had difficulty in finding ways of using programming in
class and learning programming. The TPACK-P educational
program uses scratch, a block-based programming language, to
enable pre-service teachers to easily learn and use programming in
class. In addition, it is expected that, if pre-service teachers
understand the programming development environment, it will be
easier to generate various teaching materials through remixing
about program in Scratch, which is an advantage of scratch.
Unlike the expectation of researcher, the pre-service teachers had
difficulty learning the programming that was first encountered.
Thus, difficulty in the programming learning process is considered
an impediment to the development of Technological Knowledge

comprehensive TPACK based on the development of pre-service
teachers’ TK, it is necessary to supplement pre-service teachers’
effective learning of programming in the TPACK-P educational
program [20-22]. Therefore, it is necessary to develop an
educational method for pre-service teachers to gain competencies
that will help in producing the necessary programs for
programming-based TPACK lessons.

The TPACK-P educational program examines the problems of the
subject; the process of designing the programming-based lesson
was carried out according to the characteristics of the subject and
the curriculum based on these problems. Pre-service teachers
reported that they understood the educational effects of
programming (Technological Pedagogical Knowledge, TPK), but
they complained about the problems that the use of programming
in their subject and curriculum (Technological Content
Knowledge (TCK) and TPACK). Thus, in accordance with Kim
and Lee’s (2017) findings, this result showed that the TPACK-P
educational program did not support the development of pre-
service teachers’ TCK and TPACK [10]. To solve these problems,
it is necessary to make efforts to connect the problems of the
subject, curriculum, and programming. One way of solving the
difficulties that the pre-service teachers experienced is analyzing
TPACK teaching examples based on programming [28]. The pre-
service teachers had many difficulties in thinking about how to
apply unfamiliar programming to the class. Therefore, analyzing
the cases of TPACK classes conducted using programming will
help pre-service teachers to explore how they can use
programming in various subjects, including their specialized
subject areas [29].

An analysis of the curriculum based on programming was also
carried out. It was found that the pre-service teachers lacked
understanding of the curriculum related to their major in the
context of programming. Thus, there are many vulnerabilities in
the process of linking programming and the curriculum in TPACK
classes. As a result, analyzing how pre-service teachers can utilize
programming in their subject’s curriculum can help link the
curriculum and programming. This will also help in designing
programming-based lesson for introducing programming in the
curriculum [30].

Finally, the pre-service teachers had difficulties in determining
how to actually produce the program once it had been designed. In
this study, scratch was used as the programming language; this is a
block-based language with sharing and remixing capacities.
Scratch’s remix function allows users to develop programs shared
by other users for their goals [12,13]. Therefore, if pre-service
teachers understand the scratch development environment, and
they find and remix programs that meet their purposes, they can
reduce the effort of designing and developing programs from the
beginning [23,24]. To develop these competencies, it is necessary
for pre-service teachers to practice TPACK-P-based instructional
programs based on specific achievement standards. Practice makes
it easier for pre-service teachers to improve their ability to
properly use programming in education rather than their
programming capacity as program developers. Based on the
findings, the TPACK-P educational program was improved as
shown in Table 1.

(TK)among  pre-service teachers [24-28]. To develop
Table 1: Content of improved TPACK-P educational program
Domain Content Elements of TPACK-P*
Analysis Analysis of problem in subject 1,6,9
Investigation of programming environment (with TPACK programming) 2,45
Investigation of TPACK 45,6
Investigation Investigation of example of TPACK Class 1,4,6,8
Investigation of example of programming TPACK Class 1,2,45,6,8
Investigation of curriculum (with programming) 1,9
Design Design of class with TPACK-P 1,2,8
Application Microteaching 3,7
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. Instructional criticism 3,6,8
Evaluation =
Elaboration of class &Feedback 2,6,8

“ 1. Brainstorming; 2. Design of class with programming; 3. Instructional criticism; 4. Investigation of TPACK model; 5. Investigation of programming
environment; 6. Reflection of class; 7. Microteaching; 8. Collaboration; 9. Investigation of curriculum

3. Application of the Improved TPACK-P
Educational Program

3.1 Method
3.1.1 Research Procedure

The purpose of this study was to verify pre-service teachers’
acceptance of the improved TPACK-P educational program. For
this study, the same research design and procedure were used as in
as previous studies [10]. To verify the effectiveness of the
educational program, the recruited pre-service teachers were
divided into a control and an experimental group (Kim & Lee,
2017). To verify the TPACK changes of pre-service teachers,
testing was carried out before and after applying the TPACK-P
educational program. The results of the test tool were statistically
analyzed, and the effect of the improved TPACK educational
program on the TPACK of the pre-service teachers was examined.

3.1.2 Participants

The goal of this study was to validate the improved TPACK-P
educational program. The research subjects comprised 44 pre-
service teachers attending KNUE. For recruitment, the researchers
conducted a university lecture at KNUE on the topic of

technological tools. The pre-service teachers applied for the
classes based on the lecture plan and agreed to participate in the
research; those who completed the questionnaire were selected for
the experiment. As a result, the study group consisted of 22 pre-
service teachers in the control group and 20 pre-service teachers in
the experimental group as show in Table 2.

In terms of the characteristics of the study subjects, there were
differences between the groups, but they were not significant. The
control group consisted of more males (55%) than females (45%),
while the experimental group included more females (40%) than
males (60%). In the control group, the participants were
sophomores (68%) or juniors (32%). The experimental group
showed a similar distribution, the participants were sophomores
(35%) or juniors (45%), but freshmen (10%) and seniors (10%)
were also present. The pre-service teachers had diverse majors in
both groups.

Considering the pre-service teachers’ programming experience,
nearly 50% of the participants in both groups had some
experience. However, there was a difference in the types of
programming languages they were familiar with. Except for one
pre-service teacher, all the experimental group participants had
used block-based programming languages; in addition, all but one
had used a text-based programming language, and all had taken
courses related to PK. About 75% of the pre-service teachers had
taken courses related to PCK.

Table 2: Characteristics of participants in study

Gender
Group Male Female Total
Con. 12(55) 10(45) 22(100)
Exp. 8(40) 12(60) 20(100)
Grade
Group Freshman Sophomore Junior Senior Total
Con. 0(0) 15(68) 7(32) 0(0) 22(100)
Exp. 2(10) 7(35) 9(45) 2(10) 20(100)
Major
Group Major Total
Chemistry 4(18) Earth science 3(13)
English 3(13) Environment 2(9)
S Physics . 2(9) Computer 2(9) 22(100)
Mathematics 2(9) Technology 1(5)
Early-childhood 1(5) Social science 1(5)
History 1(5)
Chemistry 4(20) Biology 4(20)
Computer 3(15) Fine art 3(15)
Exp. Chinese 2(10) Ethics 1(5) 20(100)
English 1(5) Germany 1(5)
Geography 1(5)
Experience of Programming
Group Yes No Total
Con. 10(45) 12(55) 22(100)
Exp. 11(55) 9(45) 20(100)
Experience of pedagogy lecture
Group Yes No Total
Con. 22(100) 0(0) 22(100)
Exp. 20(100) 0(0) 20(100)
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Experience of pedagogical content lecture

Group Yes Total

Con. 16(73) 6(27) 22(100)

Exp. 15(75) 5(25) 20(100)
“Con.: Control group, Exp.: Experimental group

3.1.3 Treatments 3.1.5 Analysis

This study aimed to observe the TPACK change of pre-service
teachers in the improved TPACK-P educational program, which
was developed as shown in Table. This program was used for pre-
service teacher training in the experimental group. To compare the
results with those of the previous study, the control group
completed the TPACK educational program based on information
and communication technology (ICT). The content of the control
group’s education program was the same as that in the previous
study [10]. The treatment of the education program was conducted
as part of a liberal arts lecture at KNUE in Korea. The treatment
was conducted during the Spring/Summer semester of 2017, from
March 2to June 14. The pre-service teachers were trained for 15
weeks, and the program duration was 3 hours each week.

3.1.4 Test Tools

The tests employed the same TPACK measurement tool as in the
previous study [10]. In that study, the TPACK test tool developed
by Park and Kang (2014) was employed [31]. The research tool
developed by Chai et al. (2013) as a test tool for pre-service
teachers” TPACK has been used in many studies [32], but the test
had to be verified for Korea’s cultural background [33]. Therefore,
Park and Kang (2014) localized 42 questions, and verified the
validity and reliability of the items by conducting an expert review
and exploratory factor analysis [31]. Through this, a TPACK test
tool composed of has seven sections and 36 items.

This study also compared the pre- and post-test results of the two
groups using an independent sample t-test. Through this
comparison, the difference between groups on the pre- and post-
tests was confirmed. In addition, the paired-sample t-test was
conducted for the two groups, and the pre-service teachers’
TPACK changes resulting from the TPACK educational program
with different technological tools were observed.

3.2 Results

3.2.1 TPACK Comparison of Pre-Service Teachers on the Pre-
Test

First, the TPACK difference between the experimental and control
groups was analyzed in the pre-test. In the independent-sample t-
test results, there was no statistically significant differences
between the experimental group (mean [M] = 3.001, standard
deviation [SD] = .668) and control group (M = 3.063, SD = .432),
p = .722. In addition, there was no statistically significant
difference between PK (t= .495, p= .623), TK (t= —.088, p=.930),
Content Knowledge (CK) (t= 1.433, p= .160), PCK (t= 1.706, p=
.096), TCK (t= .821, p= .417), TPK (t= —.586, p= .561), or
TPACK (t= —.811, p= .422) in the sub-areas. These results show
that pre-service teachers’ TPACK results on the pre-test were
equal between the experimental and control groups. The detailed
comparison of the groups’ pre-test results is shown in Table 3.

Table 3: The result of pre-service teachers’ TPACK in pre-test

Group N M SD t p
con. 22 3.403 403
PK 495 .623
exp. 20 3.329 .560
con. 22 2.886 .851
TK -.088 .930
exp. 20 2913 1.062
con. 22 3.273 .672
CK 1.433 .160
exp. 20 2.963 731
. con. 22 3.205 .593
Sub-Domain PCK 1.706 .096
exp. 20 2.842 .781
con. 22 2.939 .760
TCK .821 417
exp. 20 2.717 .993
con. 22 2.856 .806
TPK -.586 .561
exp. 20 3.008 .878
con. 22 2.773 .840
TPACK -.811 422
exp. 20 3.000 .976
con. 22 3.063 432
Total .359 722
exp. 20 3.001 .668

3.2.2 TPACK Changes on the Pre- and Post-Tests for the
Control Group

Pre-service teachers who received the ICT-based TPACK
educational program showed improved TPACK results on the
post-test (M = 3.001, SD = .668) compared with the pre-test (M =
3.001, SD = .668). However, these differences were not
statistically significant, t = -1.519, p = .144. There were
differences in each domain; while PK (t = -2.098, p = .048) and

TPACK (t = —2.280, p = .003) showed statistically significant
changes between pre-test and post-test, there were no statistically
significant differences in TK(t = —.290, p = .774), CK(t = —.925,
p= .365), PCK(t= .000, p= 1.000), TCK(t= —.319, p= .753), or
TPK(t= —.777, p= .446). These results showed that the ICT-based
TPACK educational program affects only some of the TPACK
sub-areas. The t-test results for the control group are shown in
Table 4.
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Table 4: Change of TPACK of pre-service teachers in control group
test N M SD t p
Pre 3.403 403 .
PK 22 -2.098 .048
Post 3.636 478
Pre 2.886 .851
TK 22 -.290 774
Post 2.932 1.044
Pre 3.273 .672
CK 22 -.925 .365
Post 3.443 .824
. Pre 3.205 .593
Sub-Domain PCK 22 .001 1.000
Post 3.205 .765
Pre 2.939 .760
TCK 22 -.319 .753
Post 2.985 .923
Pre 2.856 .806
TPK 22 =777 446
Post 3.038 .883
Pre 2.773 .840 .
TPACK 22 -2.280 .033
Post 3.189 .849
Pre 3.063 432
Total 22 -1.519 144
Post 3.236 .625
"p<.05

3.2.3 TPACK Changes on the Pre- and Post-Tests for the
Experimental Group

In the experimental group, the pre-service teachers showed
improved TPACK results on the post-test (M = 3.561, SD = .385)
compared with the pre-test (M = 3.001, SD = .668). In addition,
these changes exhibited statistically significant differences, t = —
5.642, p<.001. Looking at the changes between the sub-areas,

statistically significant improvements were seen in all the sub-
areas, namely PK(t = -2.613, p = .017), TK (t = -4.814, p<.001),
CK(t= -4.568, p< .001), PCK(t= -4.077, p= .001), TCK (t = —
5.659, p <.001), TPK (t = —3.577, p = .002), and TPACK (t = —
3.272, p = .004). The results showed that the improved TPACK-P
educational program influenced the pre-service teachers” TPACK
improvement. The results of the paired sample t-test are shown in
Table 5.

Table 5: Change of TPACK of pre-service teachers in experimental group

test N M SD t p
Pre 3.329 .560 -
PK 20 -2.613 .017
Post 3.650 AT71
Pre 2.913 1.062 -
TK 20 -4.814 .000
Post 3.500 .683
Pre 2.963 731 -
CK 20 -4.568 .000
Post 3.550 .536
. Pre 2.842 .781 -
Sub-Domain PCK 20 -4.077 .001
Post 3.333 .554
Pre 2.717 .993 -
TCK 20 -5.659 .000
Post 3.633 .518
Pre 3.008 .878 -
TPK 20 -3.577 .002
Post 3.608 517
Pre 3.000 .976 -
TPACK 20 -3.272 .004
Post 3.650 .540
Pre 3.001 .668 -
Total 20 -5.642 .000
Post 3.561 .385

"p<.05, "p<.01,

3.2.4 TPACK Comparison of Pre-Service Teachers on the
Post-Test

The pre-service teachers’ TPACK results on the post-test showed
a statistically significant difference in the control and experimental
groups, t= -5.642, p< .001. In addition, the TPACK value of the
experimental group (M = 3.561, SD = .385) was larger than that of
the control group (M = 3.236, SD = .625). These results showed
that the improved TPACK-P educational program is more
effective for the TPACK development of pre-service teachers than
the ICT-based TPACK educational program is. The difference

between the groups in the sub-areas showed a statistically
significant difference in TK (t=-2.063, p=.046), TCK (t=-2.770,
p=.008), TPK (t= —2.521, p= .016), and TPACK (t= —2.074, p=
.045). Furthermore, these areas showed larger values in the
experimental group than they did in the control group. Therefore,
the development of technology-related knowledge exhibited that
the TPACK-P educational program was more effective than the
ICT-based TPACK educational program was. In contrast, there
was no significant difference between the two groups for PK (t = —
093, p =.926), CK (t =—.493, p = .625), and PCK (t = -.620, p =
.539).
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Table 6: The result of pre-service teachers’ TPACK in post-test
Group N M SD t p
con. 22 3.636 478
PK -.093 .926
exp. 20 3.650 471
con. 22 2.932 1.044
TK -2.063 .046*
exp. 20 3.500 .683
con. 22 3.443 .824
CK -.493 .625
exp. 20 3.550 .536
. con. 22 3.205 .765
Sub-Domain PCK -.620 .539
exp. 20 3.333 .554
con. 22 2.985 .923 -
TCK -2.770 .008
exp. 20 3.633 518
con. 22 3.038 .883 .
TPK -2.521 .016
exp. 20 3.608 517
con. 22 3.189 .849 .
TPACK -2.074 .045
exp. 20 3.650 .540
con. 22 3.236 .625 .
Total -2.048 .048
exp. 20 3.561 .385

"p<.05, "p<.01,

3.3 Discussion

In this study, the improved TPACK-P educational program was
applied in pre-service teacher training, and its effects were
verified. Previous studies on the TPACK-P educational program
have shown an effect on pre-service teachers” TPACK. However,
the program was only found to affect TPK and TPACK in the
specific sub-areas. In this study, the TPACK-P educational
program was added to the analysis of a curriculum based on
programming, analysis of programming-based instructional
examples, and practice on development processes in the TPACK-
P program. The results showed that TK and TCK exhibited no
statistically significant differences in the experimental group.
However, the change was more effective than it was in the ICT-
based TPACK educational program.

Although improvements were not seen in every area of the pre-
service teachers’ TPACK, it could be confirmed that all the
technology-related knowledge improved as programming-related
activities were added. Paik (2017) verified the TPACK model and
confirmed that TCK and TPK affect the development of TPACK.
In addition, TK was found to be strongly related to TCK and TPK
[34-38]. Therefore, this result illustrated that technology-related
knowledge is essential for the development of pre-service
teachers’ TPACK. This study found that the improved TPACK-P
educational program has a greater effect on the factors that affect
TPACK development than the existing TPACK-P programs do.
Therefore, it can be confirmed that programming activities have a
great influence on the development of pre-service teachers’
TPACK. In addition, the development of knowledge related to
technology can affect the teaching expertise development of pre-
service teachers through TPACK development [39].

In this study, an ICT-based TPACK educational program was
introduced to the control group. In previous studies, 1CT-based
TPACK educational programs were found to be effective for pre-
service teachers’ TPACK development [14,40]. However, in this
study, unlike in previous research, there was little effect on the
TPACK change of pre-service teachers [10]. Thus, the same
educational program was introduced, but the TPACK change of
the pre-service teachers was different [41]. Therefore, there are
factors that influence the development of TPACK in pre-service
teachers, and it is necessary to examine specific factors for
developing pre-service teachers’ TPACK [34, -38]. In this study,
the results showed that the effectiveness of the TPACK
educational program depends on the technological tools employed
in the program.

Goos et al. (2010) found that, while the need for technology in
education has long been emphasized, it takes a lot of effort to
convince teachers to take up the technology in their classes. Thus,
the integration of technology and education represents a challenge
[19], as pre-service teachers’ integration of technology into the
classroom occurs in a stepwise fashion, but it can be difficult to
take the steps [42]. Technology can only be integrated into the
classroom if it is developed from the stage of simply recognizing
it to the stages of accepting, adjusting, exploring, and confirming
the technology in the classroom context. Due to structural
difficulties and the educational situation, the pre-service teachers
can have difficulties integrating technology into education [43,44].
When the programming language was introduced as a tool for the
TPACK educational program of the pre-service teachers, they
could integrate the programming language into the class more
easily than they could the other technology tools. Moreover, the
programming languages were effective in reducing pre-service
teachers’ structural difficulties related to integrating technology
into their classes.

To develop pre-service teachers’ TPACK, knowledge of all areas
should be integrated and developed [44]. This requires the
development of TPACKSs through an integrated approach rather
than individual knowledge approaches [45]. Therefore, the
education program needs to develop all areas of pre-service
teachers’ TPACK [21]. However, the improved TPACK-P
educational program was not effective in doing this; specifically, it
did not effect the development of PK, CK, or PCK. Paik (2017)
stated that PK and CK affect TCK and TPK when knowledge,
expectations, and self-efficacy related to technology are high [34].
Therefore, it is necessary to develop PK, CK, and PCK, as well as
technology-related knowledge, to improve pre-service teachers’
TPACK [43]. However, PK, CK, and PCK are difficult to develop
through educational programs because they involve many factors,
such as subject majors and characteristics. In addition, they vary
greatly depending on the pre-service teacher’s level. Therefore, it
is necessary to examine the effect of the TPACK-P educational
program on the pre-service teachers’ PK, CK, and PCK under the
influence of several controlled factors, as well as to examine the
improvement direction of the TPACK-P educational program for
development of PK, CK, and PCK [36,46].

4. Conclusion

In this study, the TPACK-P educational program was improved,
and a study was conducted to verify the results. Several
conclusions can be drawn from the study.
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First, the pre-service teachers had difficulties in programming-
related activities in the existing TPACK-P educational program.
They had issues with the programming language learning process,
designing programming-based lessons, and designing TPACK-P
programs. In addition, the pre-service teachers said that it is
necessary to analyze the time for learning programming and
analyzing programming-based instruction to design a class based
on it.

Second, a TPACK-P educational program was developed that
improved programming-based activities. From the initial
difficulties and improvements in the TPACK-P educational
program, it was confirmed that programming-based activities are
needed. Therefore, programming-based activities (analysis of the
curriculum based on programming, analysis of example of
TPACK-P lessons, and development of TPACK-P programs in a
programming environment) were added to the TPACK-P
educational program.

Third, the improved TPACK-P educational program was effective
for the pre-service teachers’ TPACK development. Compared
with the ICT-based TPACK educational program, the TPACK-P
educational program proved to be effective in the development of
TK, TCK, TPK, and TPACK of pre-service teachers. Unlike the
existing TPACK-P educational program, it was confirmed that the
TK and TCK of pre-service teachers could be developed.
However, the PK, CK and PCK of pre-service teachers did not
differ according to the technological tools used in the TPACK
educational program.

In this study, the same testing tools were used as in the previous
research to compare the effectiveness with the existing TPACK-P
educational program. Programming languages are not context-
neutral tools, but they are less influenced by the educational
context. Therefore, they are different from the existing
technological tools. As a result, there may be a difference in the
significance of programming and technology in the existing
TPACK test. Therefore, in a subsequent study, as programming
was introduced as a technological component, the nature of the
technology should be reviewed with the aim of determining how
to complement the TPACK testing tools accordingly. In addition,
a programming-based TPACK test tool should be developed and
verified.

The goal of the TPACK-P educational program is the
development of pre-service teaching expertise. In addition to
knowledge, various factors, such as educational beliefs, attitudes
toward technology, techno-stress, and efficacy influence pre-
service teaching expertise. This study focused on TPACK, which
is knowledge related to technology. To develop pre-service
teachers’ teaching expertise, it iS necessary to study how the
TPACK-P educational program affects various factors. Through
these studies, the direction of improvement of the TPACK-P
educational program can be derived for the development of pre-
service teachers’ teaching expertise.
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