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available at the end of the article Pedagogical and Content Knowledge (TPACK) framework is formally recognized as
essential qualities of knowledge for a highly qualified preservice teacher in today’s
education. TPACK has been attracted to educational researchers for preparing
preservice science teachers nationwide. In this study, TPACK was employed for
restructuring a preservice science teacher education course with mobile game
technology, which was offered in two consecutive semesters with a total enrollment
of 115 student teachers in the first cohort and 94 student teachers in the second
cohort. A pedagogic module of Mobile Game-based Inquiry Learning in Science
(MGILS) has been designed and created in two settings, a usual separated and
integrated case-based TPACK support module, and then implemented with the first
and second cohort respectively in general science teacher education program at a
Rajabhat University of Thailand. They were measured TPACK in terms of four
constructs, namely, (a) technological knowledge (TK), (b) technological content
knowledge (TCK), (c) technological pedagogical knowledge (TPK), and (d)
technological pedagogical content knowledge (TPCK). Considering both qualitative
and quantitative data analysis from two cohorts, the results showed preservice
science teachers’ incremental TPACK improvement from the implementation of the
usual separated and integrated case-based TPACK support module of MGILS. Based
on the results of MGILS intervention, it seems to indicate the alleged superiority of
the integrated case-based TPACK support over the usual separated TPACK support.
The deficits in the use of MGILS module are identified, and possible improvements
to enhance TPACK in the mobile game are proposed.
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Introduction

Currently, mobile technologies, such as smartphones and tablet computers, have been
increasingly recognized to apply to educational settings for improving the quality of the
learning process mediated by portable devices and wireless networked technologies.
Besides, applications of mobile technologies have been recognized as mobile learning
or m-learning. Scholars have mentioned that mobile learning or m-learning is an
enhanced instruction with “anytime, anywhere” situation perspectives and have grown
rapidly in educational activities in many subject areas (McQuiggan et al, 2015; New-
house et al., 2006; Srisawasdi, Burnterm, Pondee, 2018). To take the benefits of the
manifold opportunities of mobile technology into account, the learning environment
with mobile games is a frequency format used (Schmitz et al., 2015). That is to say, the
incorporation of mobile learning into gaming has been an increase in the adaptation to
the educational context as part of improving learning enjoyment and motivation
(Hakak et al., 2019). Nowadays, mobile game-based learning in school education has
become a popular research topic since it allows students to not only boost their learn-
ing in an enjoyable way (Chen, Liu, & Huang, 2019; Huizenga, Admiraal, ten Dam, &
Voogt, 2019) but also enhances their motivation (Daungcharone, Panjaburee, & Thong-
koo, 2019; Gamlo, 2019) and content understanding and process skills (Hussein et al.,
2019). However, it seems, in the context of Thailand, that mobile games are perceived
only as a means for recreation and entertainment. Vate-U-Lan (2015) mentioned a study
report in Thailand that the word “games and entertainment” was the most searched key-
word of any search engine. Moreover, Momypedia (2013) reported that Thai children
spent approximately 80 percent of their time using computers to play digital games, and
game-playing seems to be the most favored activity of Thai youths reported by the Minis-
try of Information and Communication Technology of Thailand (Vate-U-Lan, 2015). Ac-
cording to the evidence, playing computer games has become a normal recreation and
entertainment part of Thai children and adolescents’ routines. This could also bring today
teachers’ perceptions toward digital or mobile games falling into only as a means for re-
creation and entertainment and not for learning. Consequently, many schools and many
teachers oppose the use of smartphones at school because mobile games are distractive
and therefore reduce students’ attention and concentration in class (Baker et al., 2012;
Thomas, O’bannon & Britt, 2014). This situation might cause them to lose their ability to
control the class (Sad & Goktas, 2014). In other words, the teachers have less ability in
examining how to use mobile games to support their teaching and learning pedagogies
and to transfer the content for establishing the informed teaching decisions. Thus, preser-
vice teachers require a specific kind of knowledge to appropriately design meaningful
learning experiences with mobile games and pedagogically implement mobile games in
their teaching, which is, specifically, technological pedagogical and content knowledge
(TPACK).

The TPACK framework builds on Shulman’s (1986) construct of pedagogical content
knowledge (PCK) to include technological knowledge as another essential part of the
professional teaching knowledge, and it was first proposed by Mishra and Koehler
(2006). Current educational studies revolved around the employment of TPACK
framework to design technology-integration courses in the context of teacher education
(Janssen, Knoef, & Lazonder, 2019). In the community of science teacher education
development, the current reform expects preservice and in-service science teachers to
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effectively integrate digital technology, such as a mobile game, and inquiry-based teach-
ing into their instruction (Srisawasdi, 2014). In an effort with the reform, Hsu, Liang,
Chai, & Tsai, (2013) proposed an adapted TPACK framework called technological
pedagogical and content knowledge-games (TPACK-G) as a guideline to improve in-
service preschool teachers’ professional development for teaching with game technol-
ogy. The results indicated that game pedagogical knowledge (GPK) and game peda-
gogical content knowledge (GPCK) are more specific knowledge building on the
fundamental knowledge, game knowledge (GK). To enhance the development of GPK
and GPCK, learners, first of all, are required to possess sufficient GK. In the study, they
found that the teachers rarely require such knowledge that uses games to represent
subject matter knowledge while excluding the element of pedagogy. Moreover, Hsu,
Liang, and Su (2015) revised the implementation of TPACK-G for 49 in-service pre-
school teachers. It was found that instruction with game knowledge tended to promote
higher competencies in-game knowledge and game pedagogical content knowledge to
teachers more than that with game pedagogical knowledge first. In the context of preservice
science teacher development, preparing preservice science teachers for mobile game inte-
gration is a complex and challenging job for teacher educators. To overcome this obstacle,
Smarkola (2008) has suggested training preservice teachers in educational technology, in a
particular implementation of the mobile game, when they were in the beginning stage of
teacher education. Moreover, it is suggested that the teachers, who can know using the mo-
bile game technologies to create science teaching and learning activities, could gain high-
quality science teaching competencies (Becker, 2007; Srisawasdi, Bunterm, & Pondee, 2018).
However, preservice science teacher’s supports and training for TPACK of the mobile game
in science learning have been the least explored topics in preservice science teacher educa-
tion research. As such, the purpose of this study was to evaluate the effects of a pedagogic
module of mobile game-based inquiry learning in science (MGILS) designing based on
TPACK framework and assess preservice science teachers’ TPACK in the pedagogical ap-
plication of mobile game-based science inquiry learning.

Literature review
A basis for science teacher education movement and preservice science teacher support,
technological pedagogical and content knowledge (TPACK)
In recent years, a well-respected professional teaching knowledge model that depicts
what professional teachers should possess is the technological, pedagogical and content
knowledge (TPACK) framework. This framework builds on Shulman’s (1986) construct
of pedagogical content knowledge (PCK) to include technological knowledge as another
essential part of the professional teaching knowledge, and it was first proposed by
Mishra and Koehler (2006). This framework acknowledges the interrelations among the
three kinds of knowledge addressed: technology, pedagogy, and content (Thompson &
Mishra, 2007), and it was introduced to the educational research community as a
theoretical model for understanding teacher essential knowledge required for effective
technology integration in teaching (Koehler & Mishra, 2005, 2008; Mishra & Koehler,
2006). The TPACK framework is visualized in Fig. 1.

Figure 1 shows the integration among three core categories of knowledge, such as
pedagogical knowledge (PK), content knowledge (CK), and technological knowledge
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Fig. 1 Technological pedagogical and content knowledge (TPACK) framework (http://tpack.org)

(TK) to forming four intersections of knowledge, such as pedagogical content
knowledge (PCK), technological pedagogical knowledge (TPK), technological content
knowledge (TCK), and technological pedagogical content knowledge (TPCK). There-
fore, there are seven essential components of knowledge providing for teachers who
prefer to use or apply technology in their classrooms. PK refers to knowledge about
teaching and learning practices, strategies, and learning tasks used to deliver subject
content to students. CK refers to knowledge or understanding about the particular
subject matter or learning content learned and taught in the classrooms. TK refers to
knowledge of the features of the technologies and particular skills to use such technolo-
gies. PCK, which is knowledge integration between PK and CK, explains about
knowledge of particular teaching methods concerning subject matter content. TPK,
which is knowledge integration between TK and PK, explains knowledge about using
technologies to plan and monitor the teaching and learning process, to construct or
transform the different forms of subject matter representations, and to facilitate the
teaching and learning process. TCK, which is knowledge integration between TK and
CK, explains knowledge for selecting appropriate technology to present the subject
matter taught in the learning activities. TPACK, which is knowledge integration among
TK, PK, and CK, explains knowledge for selecting appropriate technology to implement
teaching and learning methods or strategies for the different representations of subject
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matter content. In other words, TPACK has been recognized as a framework to
professional development or teacher education in which a teacher is trained to have
knowledge or ability to designing learning activities to present subject matter content
with an appropriate technological tool (Koehler & Mishra, 2008; Mishra & Koehler,
2006, Niess, 2005; Niess et al., 2006, 2009).

Current educational studies that employed the TPACK framework were mainly con-
ducted in the context of teacher education (Janssen, Knoef, & Lazonder, 2019). Most of
these studies intended to design and develop technology-integration courses that aimed
to foster preservice teachers’ development of TPACK (Voogt et al.,, 2013). In the light
of science teacher education development, the efforts of current science education
reforms expect science teachers to integrate digital technology and inquiry-based teach-
ing into their instruction (Srisawasdi, 2014). Current science teacher education reforms
are recognizing the importance of TPACK for preservice science teachers and the pre-
service science teachers are targeted to improve their teaching proficiency based on the
implementation of TPACK as an integrative framework of instructional interventions
(Srisawasdi & Panjaburee, 2014). However, there was still a limited number of study
targeted the development of teaching intervention to foster preservice science teachers’
TPACK. To give examples, Cetin-Dindar et al. (2018) designed a pedagogic course fo-
cusing the learning how to integrate simulations, animations, instructional games, data-
logging, virtual labs, and virtual field trips into chemistry instruction, and then
implemented it with 17 preservice chemistry teachers. They interacted with the course
for one semester and the result revealed that the preservice chemistry teachers’ TPACK
improved partially on some components. Similarly, Srisawasdi, Pondee, and Bunterm
(2018) designed TPACK-oriented coursework, as shown in Fig. 2 (left), and imple-
mented a technology-integrated pedagogy module of mobile laboratory learning in
science (MLLS) for improving 119 pre-service science teachers’ TPACK. They partici-
pated in the MLLS module in 4 weeks. It was found that the MLLS module could foster
pre-service science teachers to gain better levels of TK, TCK, TPK, and TPACK.

To promote preservice science teachers’ TPACK regarding computerized laboratory
environment in physics teaching, Srisawasdi (2014) adapted the TPACK framework to
address physics teaching competencies, as shown in Fig. 2 (right), and designed an
alignment of pedagogic courses for the preservice science teachers’ TPACK develop-
ment. A series of pedagogic courses have been implemented within 3 years and the
results revealed that the preservice physics teachers had relative teaching performance
in which technology and pedagogy were combined to facilitate the learning of specific
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Fig. 2 Adapted TPACK framework for preservice science teacher development: TPACK emphasized inquiry-
based conceptual learning in science by mobile-assisted science laboratory (left) and TPACK emphasized
microcomputer-based laboratory and computer simulation-based inquiry learning in physics (right)
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physics concepts. Moreover, Chittleborough (2014) reported a result of 28 preservice
chemistry teachers’ TPACK development after they undertook a chemistry curriculum
studies unit that adopted a technological focus. It revealed that the teachers were able
to explain the features of technology in teaching and learning and to increase skills for
performing a variety of technologies. Moreover, some of their students had doubts
when schools did not provide technological resources to support learning activities.
Janssen & Lazonder (2016) also reported an experimental study of using pedagogical
and content support to foster preservice biology teachers’ TPACK in designing an
effective lesson plan. In this study, 54 pre-service biology teachers were divided into
two groups and each group was asked to participate in the different instructional inter-
ventions. The experimental results showed that the preservice teachers who followed
the integrated support had more integrated pedagogical and content-related justifications
and higher quality lesson plans than those who received separate support.

As seen in those previous studies, it is clear that the TPACK framework plays a
crucial role in proposing the development of a science teacher education program. It is
also recognized as essential knowledge to fostering the preservice science teachers to
gain more teaching competencies in terms of pedagogically presenting science content
with appropriate technologies. Besides, Hsu et al. (2013) mentioned that the current
TPACK studies are inclined to treat technology in a general manner because the gen-
eral approach to technology may not be able to provide adequate guidelines to improve
teacher preparation for teaching with emerging and unique technology, such as games.
To date, digital and mobile game-based learning has been receiving great attention
from and applying by educators, researchers, and practitioners, and its positive impacts
on students’ academic learning outcomes have been reported (Hsu, Liang, Chuang,
Chai, & Tsai 2020). In terms of the complexity of digital and mobile game technology
integration, science teachers require an understanding of the deep connections of the
three primary components (i.e., technological knowledge of the mobile game, peda-
gogical knowledge, and science content knowledge). As such, there is a clear need to
promote preservice science teachers’ knowledge about the teaching science with games
or TPACK in mobile game-based science learning.

Digital and mobile game-based learning in school science education
Digital games have been gaining tremendous interest in teaching and learning in the
twenty-first-century education. In recent years, implementing digital game technology
in school education is recognizing increasingly as a pedagogical tool to induce students’
learning interest and also enhance their learning effectiveness in science. Digital game-
based learning (DGBL) refers to the learning approach that incorporates educational
content for learning into digital games, and this approach has been recognized as an
effective way to situate students into authentic learning contexts (Chang & Hwang,
2019). In this regard, the implementation of these kinds of pedagogical tools can motiv-
ate science teachers because they need to transform the teaching-learning process to
being almost a recreational activity (Antunes, Pacheco, & Giovanela, 2012).

In the particular context of school science education, DGBL has been perceived as an
engaging teaching approach to foster elementary school students’ learning, and it
showed promising potential in the area of science content understanding and process
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skills, and role-playing game (RPG) was the most popular game genre for learning
(Hussein et al., 2019). For instance, Hsu & Tsai (2013) examined the effects of an edu-
cational computer game with and without self-explanation prompts on science learning
of light and shadow concepts. In this study, a total of 58 third graders recruited from a
primary school in northern Taiwan involved to interact with the intervention, and the
results showed that students who played the game with self-explanation features did
not outperform those who played the game without any prompts. Besides, Sung &
Hwang (2017) created the repertory grid-based educational game (REG) to facilitate
students’ knowledge sharing and organizing during the DGBL process. In this study,
the results showed that they expressed significantly more aggressive learning behavioral
patterns during the DGBL process.

With the pedagogical potential of DGBL, this approach has also been examined its
effectiveness relating to instructional methods (gameplay design) and science game
variants enriched with mechanisms (game’s mechanism design) by Tsai & Tsai (2020).
The results of this study showed that students significantly benefit from the DGBL in
science in terms of scientific knowledge, and its learning and gaming mechanisms play
key roles in the significant learning gains. To give an example, Hwang et al. (2012)
developed a personalized RPG based on students’ learning styles and then implemented
it with 46 fifth graders of an elementary school in Taiwan. The results showed that the
personalized RPG learning approach not only promotes learning motivation but also
improves the learning achievements of the students. Moreover, Sung et al. (2018) devel-
oped a 3D experiential game facilitating students’ deep-strategy learning behaviors and
positive inquiry learning performances in science, and the game has been implemented
with 53 sixth graders from an elementary school in Taiwan. They interacted with the
3D experiential gaming system in a geoscience course, and the results showed that they
gained better learning achievements, problem-solving tendency, deep learning
strategies, and deep learning motive than those who learned with the conventional
technology-enhanced learning approach.

Over the past decade, researchers have attempted to understand the application of
DGBL in the context of the mobile technology-supported learning environment. The
incorporation of mobile learning and digital gaming has been gradually increasing in
the context of educational improvement (Hakak et al., 2019). Currently, the develop-
ment of mobile learning games is known by the term “mobile game-based learning”
(MGBL), which refers to the use of mobile games incorporating educational value for
learning or gaming software applications designed for learning purposes through
mobile devices (Troussasa, Krouskaa, & Sgouropoulou, 2020), constitutes a popular
issue in the scientific literature of technology-enhanced learning. For example, Hwang
et al. (2015) explored the effectiveness of augmented reality-based learning games on
students’ learning achievements and attitudes in an instructional context real-world
investigation. In this study, 57 fifth-graders received the 90-min intervention during
studying in an elementary school ecology course. The results showed that the
augmented reality-based gaming approach can improve their learning performance on
the field trip.

However, the MGBL was rarely studied in school science education in the context of
Thailand (e.g., Komalawardhana & Panjaburee, 2018; Komalawardhana, Panjaburee, &
Srisawasdi, 2021; Meekaew & Ketpichainarong, 2018; Srisawasdi & Panjaburee, 2019).
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As such it is plenty of room to develop effective MGBL and also investigate its learning
effectiveness for students at all education levels. Moreover, successful integration of
MGBL into school science requires one to focus on the integrative interplay of mobile
game knowledge, pedagogical knowledge, and science content knowledge, and the
TPACK framework would be able to serve as a pedagogical platform for a professional
science teacher. In science class, the technology of mobile games can be potential
means of not only promoting learning engagement but also enlarging learning oppor-
tunities (Hsu et al., 2013). Besides, the inadequacy of teacher preparation programs
treating MGBL in science and TPACK in isolation is a growing concern among educa-
tors, researchers, and practitioners. Moreover, a particular context of teaching with
games might not be able to use general guidelines for teaching with general technology
to gain effective teaching (Hsu et al.,, 2020). The lack of specificity could reduce the
usefulness of the TPACK framework in terms of promoting TPACK comprehension
and evaluating TPACK in a specific context (Willermark, 2017). Therefore, effective
interventions to improve preservice science teachers’ professional knowledge to
leverage their TPACK in mobile gaming environments, and specific guidelines for
MGBL in science in their teaching should be studied.

Context of the study
With the advancement of educational technology and a wide range of digital tools in
education over the last two decades, educational researchers have made significant
advancements in theorizing, designing, and repurposing digital games for learning in
school education (Foster & Shah, 2020; Kafai & Burke, 2015). As digital game technology is
an integral part of modern teaching and learning processes, teacher-candidates in teacher
preparation programs need to fully achieve a new set of technology-pedagogy competencies
through ongoing and timely supports provided by teacher education institutions. In this
regard, the need to promote adequate digital game-based pedagogy training of future
teachers has led the researchers to design and develop a pedagogic course associated with
digital game technology integration in teacher education programs. As such, this study
emerges from an understanding of educational technology, teacher education, and science
education where the digital games should be situated in a flexible framework of knowledge
of content, pedagogy, and technology for science teacher preparation and professional
development. By following a TPACK model as an intervention approach in this study, the
researchers applied those mentioned understanding to create a strategic technology-
pedagogy interaction learning module emphasizing the pedagogical application of digital or
mobile game-based inquiry learning approach for science content. Figure 3 presents an
integrative framework of essential knowledge for using the digital or mobile games in
inquiry-based science learning for promoting the learning of science-oriented concepts.
With applications of TPACK framework, this paper focuses only on the four categories
associated with technology. That is to say, TK, TCK, TPK, and TPACK are particularly
considered, as shown in Fig. 3. Those categories are strongly interrelated regarding their
common denominator. In the integrative framework, TK refers to technical understanding
and skills required to interact and manipulate the digital or mobile games to achieve its goal.
TCK refers to technological competencies or knowledge of digital or mobile games to
present particular content of science. TPK focuses on instructional competencies in which
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the teachers can enhance science teaching and learning strategies with the incorporation of
the digital or mobile games in the enactment of the curriculum. Finally, TPCK or TPACK
represents the set of instructional competencies regarding the use of digital or mobile game
to support content-specific pedagogical strategies (e.g., the use of the digital or mobile
games to facilitate inquiry-based learning in science). To do this, the researchers developed
an educational mobile game as a pedagogical tool and embedded the game into a peda-
gogical basis of an open-inquiry learning approach. Then, a pedagogic training module of
mobile game-based inquiry learning in science (MGILS) has been designed regarding the
proposed TPACK framework.

This study has been conducted with two cohorts of preservice science teachers aimed
at improving their TPACK regarding technological integration ability and also reflect-
ing the pedagogical design of a teacher preparation course. The ultimate purpose was
to promote a well-design teaching practice focusing on the use of the mobile games in
school science classes for preparing high-qualified preservice science teachers in today’s
teacher education. The results of this study will provide baseline practice in teacher
preparation for the design of or renovating new pedagogic course emphasizing how to
use the mobile game for enhancing science learning with inquiry and explain how
TPACK for mobile game-based inquiry learning in science may be reflected in future
teacher education curriculum or preservice teacher’s instruction. The primary research

question in this study is as follows:

1) What are preservice science teachers’ TPACK of inquiry-based conceptual learning
in science by the mobile game before and after an implementation of the usual
technology-oriented pedagogic module of mobile game-based inquiry learning in
science (MGILS)?
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2) Is there a significant difference between preservice science teachers’ TPACK before
and after implementation of the revised, case-based approach, MGILS?

Most of the studies in the literature have shown preservice science teachers’ TPACK
levels descriptively or have presented information about their development of TPACK
only on survey findings. However, there have been very few research studies that have
analyzed preservice science teachers’ development of TPACK that have included both
quantitative and qualitative data and indicated both descriptive and inferential informa-
tion in statistics.

Methods

Study participants

This study employed a pre-experimental research design that involved two phases of
data collection—pre-and post-intervention. The participants in this study are defined as
two science pre-service teacher cohort groups from 2018-2019. The study participants
consisted of 209 pre-service science teachers, the fourth-year students in a five-year
undergraduate teacher education program in a public teacher former university located
in the northeastern region of Thailand. They were 166 (79.4%) females and 43 males
(20.6%) divided into two cohorts, named cohort 1 and cohort 2, and the age between
21 and 22 years old. Cohort 1 consisted of 91 (79.0%) females and 24 males (21.0%)
who went through the course in the school year 2018, and cohort 2 consisted of 75
(79.8%) females and 19 males (20.2%) who participated in the course in the school year
2019. In the last decade, an extended 5-year teacher education program (4-years
coursework and 1-year school internship) was widely implemented as a standard
platform for new-coming teachers in Thailand at all levels of education. Later in 2019,
there is a calling back for a new version of the traditional 4-year program to respond to
the new Thailand Qualification Framework (TQF) and educational policy. Concerning
the current transformation of the extended 5-year teacher education program in
Thailand, the university is preparing to revise the teacher education program to be 4-
year program to meet the new framework, policy, and requirements, such as TPACK
and STEM (Science, Technology, Engineering, Mathematics) education, and to improve
the quality of teacher preparation. In this study, instruction is defined as coursework
that encompasses a variety of technology-pedagogy interaction learning modules and
learner-centered activities. The study was part of a course called classroom manage-
ment and learning environment for science learning.

Both cohorts enrolled in the pedagogic course instructed by the first author. The
course content was aligned with national undergraduate teacher education standards
regarding Thailand qualification framework and emphasized on how to design,
implement, and manage emerging technologies and science learning environments that
promote meaningful learning in both elementary and secondary school science. One of
the learning goals of the course was to apply theoretical knowledge of the learning
sciences, such as digital game-based learning, inquiry-based learning, and information
and communications technology in teaching and learning, as the method of teaching
with technology to promote active inquiry learning in science, thus helping students to
align learning theories with learning design practice for effective science learning. In
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cohort 1, they received an intervention of four-week mobile game-based inquiry
learning taught by the first author. In planning for cohort 2, they received the same
intervention with a reduced number of weeks in the course, because of the change of
the teacher education program, and a difference in instructional design for the content.
For both cohort 1 and 2, all were working toward licensure at the elementary or sec-
ondary levels. In terms of technological experience, all of them did have satisfactory
basic information and communication technology skills but they had no any experience
with using mobile game technology in science instruction before. In terms of learning
experience, the participants had never taken an instructional design course but had
some experience with group learning.

A mobile game on blood circulatory system of human body

An instructional game named “Red Blood Cell Simulator” has been created as an entertain-
ment game with educational value, and it was used for the current study. In a previous
study by Lokayut and Srisawasdi (2014), the computer game, in biological science topic of
blood circulatory system of the human body, has been developed for assisting secondary
school students’ conceptual learning and their motivation to learn science. The game was
built to align with two major learning indicators contained with the national curriculum
standards: (1) to describe heart structure and its functions regarding blood and blood vessel
and (2) to explain blood circulatory system. For this study, a new version in the context of
the mobile game has been further designed and developed as a pedagogical tool for utiliz-
ing in pre-service teacher training. Before the game, an introduction of how to interact with
the game was provided to guide players who may or may not be familiar to play a mobile
game and assist them to realize what is the mission of the game and how to control a blood
cell in the game, as shown in Fig. 4. Literature suggested that providing some instructional
scaffolds or prompts before the game enhanced students’ learning (e.g., Barzilai & Blau,
2014, Tsai, Chai, Wong, Hong, & Tan, 2013).

The Red Blood Cell Simulator mobile game has been designed as a serious educational
game (SEG)—the content of the game is structured on a proposed curriculum with the
intended learning outcomes (Annette, 2010). The game is in charge of executing the role-
playing game based on the biological science concepts. The role-playing game (RPG) is
concerned with a storyline of the journey of a red blood cell, in which its purpose is to
carry oxygen from the lungs to tissues throughout the body, as well as carrying carbon
dioxide to the lungs so it can be exhaled. In this mobile game, the red blood cell goes
through a complex journey through the body, going from a deoxygenated blood cell to an

A guidelineon Q
how to control a red b annilatonnquindealudetamotdesns q :
A description o
blood cell S - ?

nifuoel learning mission with
the game

. %
e ®'
Touch WowSouua

Fig. 4 An example of the Red Blood Cell Simulator mobile game
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oxygenated blood cell, and entering the heart twice. Figure 5 displays details of the mobile
screen in the game.

During the learning process, the players play the role of the red blood cell to travel to
the heart and organs via a blood vessel in circulation. To complete missions in the
game, the students have to move the red blood cell to the right way and manage time.
Besides, hints focusing on current position and mission guidelines are displayed during
gameplay. After playing the game, students are shown feedback information to
persuade them to rethink instances in which they failed the mission or to provide infor-
mation about how to complete the mission. Following the storyline of the game, the
players can collect the information needed to develop their scientific understanding of
heart structure and its functions regarding blood and blood vessel and blood circulatory
system.

In this study, the mobile-based “Red Blood Cell Simulator” game app is a gaming
software application designed for science learning purposes through mobile devices. To
create the pedagogical structure of the mobile game app, four principles from the
science of learning have been emphasized, including (i) active involvement, (ii) learning
engagement, (iii) meaningful experiences, and (iv) social interaction (Hirsh-Pasek, Zosh,
Golinkoff, Gray, Robb, & Kaufman, 2015). Besides, the game was carefully selected and
recommended, as a cognitive tool, to the participating preservice science teachers as it
had been shown to have a positive impact on science learning outcomes in previous
empirical studies and employed game mechanics that mapped directly to learning stan-
dards, indicators, and objectives in Thailand national science curriculum (Lokayut &
Srisawasdi, 2014). In terms of the TPACK framework, these could refer to technological
knowledge (TK) of playing the mobile games for preservice science teachers’ profes-
sional learning. For promoting TCK, preservice science teachers should understand that
the content of the blood circulatory system was transformed into simple knowledge
representation to enhance the understanding of the complex biological processes of the
human body system, and enjoyable scenarios to flow students’ learning interactions and
motivation. Concerning the pedagogy of science learning, the genre of the mobile RPG
game can act as an implicit pedagogical approach to the particularly facilitate inquiry-

The red blood cell
A hint of the game and oxygen gasin Chance of playing
representing the game. in the game.

current position of
the red blood cell.

Elapsed time in the
game playing.

A hint of the game
representing blood
vessel information.

A touch screen pad
to control the red
blood cell.

Heart structure and
human body organs.

Fig. 5 An illustrative example of a storyline of red blood cell journey embedded in a gaming mission

A hint of the game
representing guide
dancein the
mission.
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based learning in the game. This component targeted to professional learning of TPK
for preservice science teachers. Finally, the TPCK in this study denotes knowing how
the mobile game and the pedagogy of inquiry-based learning can be appropriately
integrated with the content of the blood circulatory system in the human body to form
sound lessons for the teaching of science. Those technology-infused components of the
TPACK framework were used to facilitate the focus on content, pedagogy, and the
game in this study.

The setting of the training intervention

The cohort 1 participants were introduced to a TPACK-based pedagogic module of
mobile game-based inquiry learning in science (MGILS) for pre-service teachers. The
MGILS module consisted of four 4-h weekly lecture and practical works, and divided
into three phases: learning with technology (P1); enacting with technology through
pedagogy (P2); transferring the technology-pedagogy interaction (P3) (Srisawasdi,
Pondee, & Bunterm, 2018), as shown in Table 1.

For cohort 2 in the next school year, participants interacted with a revised MGILS
pedagogic training module for pre-service teachers. Research conducted by Lokayut
and Srisawasdi (2014) and its digital game material has been employed as an instruc-
tional case study in the module. The case selected was not presented to increase factual
information but rather to improve the participants’ solid understanding of applying
mobile games in inquiry-based learning in science content. This module covered 2
weeks and it was divided into three steps of instruction regarding case-based learning
(CBL). CBL is a constructivist pedagogy which targets to real world situations by
presenting richly detailed, contextualized, narrative accounts, and has the potential to
prepare readiness for career challenges, promote critical thinking, contribute to
cognitive growth, and affect value orientations for learners (Beck, 2007; Hemphill, R
Richards, Gaudreault, & Templin, 2015; Levin, 1995). Further, Rovegno and Dolly
(2006) pointed out that the CBL approach does not only presents concepts within a
context to learners but actions are also illustrated to emphasize well-connected
knowledge that learners can flexibly apply to learn about how to. In the context of
implementing CBL to foster TPACK, Srisawasdi (2012) designed a pedagogic course
with a CBL approach and then implement the course with 43 participants of pre-
service physics, chemistry, biology, mathematics, and computer teachers in a course of
information and communication technology (ICT) in education. The result of this
study showed a change in their teaching beliefs and the transformation of their TPACK

Table 1 Details of the MGILS module for cohort 1 pre-service science teacher

Phase Week Topic Learning strategy Knowledge domain
P1 14 h) Introduction to digital and mobile Interactive lecture and TK

games in science learning demonstration
P2 2(@h) Pedagogical application of MGILS Interactive lecture and TCK

demonstration

3(@h) Hands-on practical work with MGILS Collaborative hands-on TPK
practical work

P3 4(4h) Independent designing of MGILS Collaborative hands-on TPCK
for school experience practical work
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competency in STEM teaching. Besides, Salton (2017) implemented online CBL to fa-
cilitate preservice teachers’ TPACK and their self-confidence, and the result indicated
that the online CBL method significantly improved their TCK and TK, but their TPAC
K’s confidence did not improve significantly. As such, CBL seems to be an effective
pedagogic method to foster preservice teachers’ TPACK. The CBL approach used in
this study was adapted from William (2005), and the adapted approach consists of
showing the case (S), practice in the team (P), and application of the case (A), shortly
named SPA, as shown in Table 2.

For the S phase, the main aim was to introduce the selected case and to present
information about instructional practice regarding mobile game-based inquiry learning
in science. The pedagogy of inquiry-based learning in science emphasizing both
instructional strategies, i.e., learning cycle-oriented and openness-oriented approach
(Srisawasdi, 2016), and its application with the mobile game has been presented and
analyzed to create a bridge between theory, research, and practice through interactive
lecture and demonstration by the instructor (the first author). Moreover, the instructor
also described and demonstrated how to play the game in the process of inquiry
learning in science. In the P phase, the instructor organized a hands-on practical work
experience as a mini-lesson on how to use the mobile game in a practical way of open-
inquiry science (Srisawasdi, 2012). Figure 6 shows learning activity in the S and P
phases.

In the A phase of this module, all small groups of the participants have been assigned
to collaboratively design mobile game-based inquiry learning experiences by their team.
They were assigned to discuss in the team how to apply the Red Blood Cell Simulator
mobile game for enhancing biological science learning of the blood circulatory system
of the human body regarding the national science curriculum standards and indicators.
After, they brainstormed and independently design a science lesson plan and presented
their teaching ideas in class. Figure 7 illustrates the pre-service science teachers’ collab-
orative designing the mobile game-based inquiry learning experience and presenting
teaching ideas to the class groups.

Data collection and analysis
This study investigated the effects of using the training intervention as a tool for
facilitating preservice science teachers’ TPACK associating technology integration in

Table 2 Details of the MGILS module for cohort 2 pre-service science teacher

Phase Week Topic Learning strategy Knowledge
domain
S 12h) = Establishing and analyzing the case Interactive lecture T-infused TPACK
= Demonstrating the research-based and demonstration
MGILS
= Formulating a study pathway
p 1(2h) = Self-discovery of evidence through Collaborative T-infused TPACK
practical work with MGILS hands-on practical
= Digesting essential knowledge of work
TPACK of the case
A 2(2h) Designing and proposing a MGILS Collaborative T-infused TPACK
for school experience hands-on practical
work

Note: T-infused TPACK refers to TK, TCK, TPK, and TPCK
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B et

Fig. 6 An illustration of the showing the case (S) (left) and practice in team (P) (right) phases in preservice
science teachers’ class (Note: all photographs were permitted to be exhibited in this paper from people
who was involved in this study)

\

two cohorts of preservice science teachers in Thailand. For cohort 1, the participants
were asked to complete a seven-item open-ended question regarding TPACK in the
context of MGILS for 40 min as pretest and posttest. In this study, the researchers fo-
cused on only four constructs related to technology regarding the TPACK framework
(i.e., TK, TPK, TCK, and TPACK). The questionnaire and its scoring scheme were
adapted from Srisawasdi, Pondee, & Bunterm (2018), and the participants’ responses to
each test item were coded independently by two raters. For the coding, inter-rater reli-
ability was computed using Cohen’s kappa, and its reliability was 0.93 between the two
raters. After calculating the inter-rater reliability, coding discrepancies among the raters
were discussed and resolved through further personal discussion. Following this, if re-
sponses were unclear or problematic with the coding, the raters were discussed by the
researchers (the second author) to reach a complete consensus agreement across the
four targeted constructs. Thus, test construction can be considered successful in terms
of objectivity and reliability. To analyze their TK, TPK, TCK, and TPACK for MGILS
context, their responses were categorized in four levels, ranging from unclear, naive,
mixed, to informed, respectively, following Bartos and Lederman (2014)’s teaching con-
ception analysis framework. In the analysis, their responses to individual questions were
classified according to the examples and explanations presented in Lederman, Antink,

Fig. 7 An illustration of the application of the case (A) phase: collaborative designing a mobile game-based
inquiry learning experience (left) and communicating teaching idea in class (right) (Note: all photographs
were permitted to be exhibited in this paper from people who was involved in this study)
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and Bartos, (2014). For this study, the “Informed” level denotes views of a particular
TPACK construct wholly match the target TPACK aspects, while the “Naive” level does
not. “Mixed” level denotes reflecting partially consistent views of the target TPACK as-
pects. “Unclear” level denotes lacking in addressing the particular aspect (Lederman
et al., 2014). Concerning the open-ended format of knowledge integration among CK,
PK, and TK, any essay-type questions is required additional effort by the researchers to
discern the different levels of TPACK of the preservice science teachers. That is, this
type of open-ended instrument was constructed with the four-tiered assessment scales
to exploring general trends in the preservice science teachers’ TPACK at the module.
The format also best serves the overarching intent of the instrument, which is to create
a profile of preservice science teachers’ TPACK.

To examine a significant effect of the revised MGILS module in cohort 2, the
researchers assessed TPACK improvement by comparing its scores before and after
receiving the intervention. A ten-item close-ended questionnaire measuring TPACK in
mobile game-based inquiry learning in science was developed by the researchers
regarding the previous seven-items open-ended question items. The answers in the
questionnaire are based on common pre-service science teachers’ replies to the open-
ended questions which common errors were used to create distracters. As abovemen-
tioned, this study focused on only TK, TPK, TCK, and TPACK, the responses obtained
from six closed-ended question items were the unit of TPACK score analysis and the
total score was six points. The item discrimination index of the multiple-choice test
was > 0.03 for all items (average 0.54) and Kuder-Richardson Formula 20 (KR-20)
reliability coefficient was 0.83. To confirm the normal distribution of our data, the re-
searchers performed the Shapiro-Wilk test and the normality of distribution of data
was denied for both pretest (W = 0.926; p < 0.000) and posttest (W = 0.925; p < 0.000).
Because the preservice science teachers’ scores on the scales of TPACK did not fit the
assumptions of the normal distribution, the researchers implemented Wilcoxon signed-
rank test to examine whether the preservice science teachers’ TPACK changed after
being involved in the intervention. In further statistical analysis, the quantitative data of
TPACK scores obtained from pretest and posttest were analyzed with the means,
standard deviations, and Wilcoxon signed-rank test, to compare a significant difference.
All of the statistical tests were analyzed using the IBM SPSS program, version 26.00,
with a significance level of .05. Moreover, the effect size (r) for the Wilcoxon signed-
rank test was also calculated by using the formula: Z/VN (N is the number of the pairs).

Results

In our study, we recognized the importance of a pipeline of evidence that begins with a
qualitative study, as primary evidence for initial investigating the effects of proposed in-
structional intervention and also assisting us to maximize the instructional intervention
to targeted study participants and then ends with a quantitative study. Moreover, we
conducted firstly with the qualitative study which could assist us to design the better
and possible research process in the later quantitative study. As we stated, this study
aimed to discover whether the benefits of well-design teaching practice focusing on the
integrative use of the mobile game in school science class for promoting preservice sci-
ence teachers’ TPACK can contribute to the accumulation of empirical evidence and
development of theoretical models for the preparation of today’s teacher education. We
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have conducted two distinct studies in which we have used the TPACK framework as a
preservice teacher preparation platform to enhance preservice science teachers’ emer-
ging pedagogy of mobile game integration.

To promote preservice science teachers’ emerging pedagogy of mobile game tech-
nology integration in this study, a pedagogic module of mobile game-based inquiry
learning in science (MGILS) has been designed which represents our attempt to
maximize their TPACK in term of four constructs: (i) technological knowledge
(TK), (ii) technological content knowledge (TCK), (iii) technological pedagogical
knowledge (TPK), and (iv) technological pedagogical content knowledge (TPCK). In
this teaching improvement study, two cohorts had been implemented with the two
different pedagogical settings of the MGILS: (i) usual separated TPACK and (ii) in-
tegrated case-based TPACK support module. In the first study, cohort 1 received
the MGILS in the version of separating TK, TCK, TPK, and TPCK, and the first
study had been conducted with a qualitative study to provide phenomenological
evidence of the intervention on how it works in fostering preservice science
teachers’ TK, TCK, TPK, and TPCK. In the second study, cohort 2 received the in-
tegrated and synthetic version of MGILS integrating all the four TPACK constructs
into the teaching case, and we explored the effect of the revised intervention with
a quantitative study to indicate a significant impact of revised MGILS on preservice
science teachers’ TPACK of mobile game integration. Besides, the results of cohort
1 implementation represent our first attempt to answer the first research question,
and cohort 2 represents our pursuit to improvise the MGILS module with some
critical change in teacher education program, and argue to an impact of the
specific type of TPACK implementation. We believed this approach would be helpful by
locating our study in a more thorough design and hopefully getting a more robust finding
in developing preservice science teachers’ TPACK of mobile game integration.

What are preservice science teachers’ TPACK of inquiry-based conceptual learning in
science by mobile game before and after an implementation of usual TPACK-based
pedagogic module of MGILS?

Regarding the first research question, this study utilized quantitative content analysis to
reveal the preservice science teachers’ TPACK both before and after receiving the usual
MGILS module as a training intervention. According to explore the effect of usual
MGILS module on cohort 1 pre-service science teachers’ TPACK, focusing TK, TPK,
TCK, and TPACK, the results are shown in Table 3.

Individual profiles were developed based on a holistic analysis of TPACK responses.
Results indicated that most of preservice science teachers’ TK (a) were mixed level in
both prior and finish to the intervention, and (b) increase their understanding from
unclear and naive to mixed level. For TPK and TCK, the results indicated that their
knowledge (a) was distributed from wunclear to informed before the intervention, and
(b) both increase and decrease their knowledge to mixed level. Finally, the results also
indicated that most of their TPACK (a) were unclear level in both prior and finish to
instruction, and (b) increase their understanding from wunclear and naive to mixed and
informed levels. More details regarding the preservice science teachers’ TK, TPK, TCK,
and TPACK levels are illustrated in Table 4.
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Table 3 Percentage of the pre-service science teachers' TK, TPK, TCK, and TPACK categorized as
holding unclear, naive, mixed, and informed views of TPACK

N=115 Unclear Naive Mixed Informed

% of pre-service science teachers Pre Post Pre Post Pre Post Pre Post
Technological knowledge 28.70 1826 2783  0.00 4261 80.87 087 087
(TK)

Technological pedagogical knowledge 3130 2957 4696 4348 2000 2696 174  0.00
(TPK)

Technological content knowledge 3739 5565 3739 000 2435 4435 087 000
(TCK)

Technological pedagogical and 4696 3826 2609 2261 2696 3826 000 087

content knowledge
(TPACK)

Table 4 provides example responses to each of the open-ended items regarding
TK, TPK, TCK, and TPACK. These are verbatim quotes selected from the re-
sponses of preservice science teachers who completed the open-ended items at

pre- and post-MGILS module. The naive view respondent examples are taken from

pretests and the more informed examples are taken from the posttests. These views

are presented along a continuum from naive to more informed TK, TPK, TCK,

Table 4 Exemplary responses in all level across four categories (i.e., TK, TPK, TCK, TPACK)

Knowledge  Unclear view Naive view Mixed view Informed view
category

Technological “Digital technology.”  “Digital game “Digital game offers “Digital game allows
knowledge (PST022) provides enjoyment.”  challenge to pass students to accomplish
(TK) (PST0O43) missions.” (PST111) missions and interact

Technological  “This technology

pedagogical  offers students to

knowledge have fun. Pedagogy

(TPK) can support to
simplify
understanding.”
(PST009)

Technological  “Digital technology

content proposes challenge
knowledge accomplishing
(TCK) missions and fun.”

(PST005)

Technological  “All components are

pedagogical  important for

and content  teaching. Students
knowledge are also an effective
(TPACK) factor.” (PST033)

“Digital game is used
to support pedagogy
for science content
learning. So, students
were getting more
interest in the
learning.” (PST095)

“Digital game is fun
and we can play
much time. It can be
applied in biological
science
content.”(PST103)

“It (digital game) can
help students to gain
more understanding.”
(PST007)

“Digital game can
support teacher to
assist students to learn
science by no
explaining science
content, but the
teacher can facilitate
students how to play
the game.” (PST037)

“Digital game
transformed boring
science content to be
more interesting and
challenge with its
mission, rewards, and
the way how to win
the game."(PST073)

“Teacher assigned task
that provides students
to interact with the
digital game to learn
about the science
content.” (PSTO19)

with its challenge to
receive points and
rewards.” (PST111)

“Student can inquire
science information by
playing the game and
also learn how to
investigate scientific
phenomena with
inquiry in the game.”
(PST 083)

“Digital game can
convert the content
difficult to be easier to
understanding,
enjoyment, and doing
practical work with
playing” (PST016)

“Content, pedagogy,
and technology are
associated with each
other for enhancing
students learning in
science. Playing and
learning with fun is in
the inquiry learning
process, where
content has been
changed in-game
style.” (PST023)

PST preservice science teacher
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and TPACK. Despite receiving overall positive results as abovementioned, the re-
searchers also found some apathy toward the implementation of usual MGILS. The
results indicate that the number of unclear levels on TCK was increased and the
informed level of TPK and TCK were disappeared after receiving the usual teaching
intervention, as seen in Table 3.

In summary, the results of this preliminary study provided evidence that
preservice science teachers’ TK, TPK, TCK, and TPACK have been fostered
during their interaction with the usual MGILS pedagogic module, and this
teaching intervention still had various effects on preservice science teachers’
TPACK.

Is there a significant difference between preservice science teachers’ TPACK before and
after implementation of the revised, case-based approach, MGILS?

The second research question focused on examining whether the pedagogic
module of MGILS improved cohort 2 preservice science teachers’” TPACK asso-
ciated technology scores, descriptive statistics were calculated, and nonparamet-
ric tests were conducted. The descriptive statistics of the preservice science
teachers’ pre- and post-test TPACK scores are presented in Table 5. The result
shows that there was a statistically significant difference between the pretest
(M =1.93, SD=1.34) and post-test (M =3.78, SD =1.20) scores, the total score
is six points.

As shown in Table 5, Wilcoxon’s signed-rank test was used to test the signifi-
cance of the difference between pretest and post-test TPACK mean scores. Table
5 shows that the preservice science teachers’ TPACK scores after the interven-
tion (Z94) = -7.571, p <.001) were significantly higher than the preservice science
teachers” TPACK scores before the intervention. Table 5 is also shown that the
differences between the preservice science teachers’ TPACK in the pre- and
post-tests reached a large effect size (r = -0.78). Overall, the pre-service science
teachers’ TK, TCK, TPK, and TPACK significantly improved after participating
with the case-based MGILS module (p < 0.001) as measured by the increase in
TPACK scoring.

Discussions and conclusions

The present study facilitated a series of course transformations as a means of
developing preservice science teachers’ teaching comprehension with the digital
or mobile games and also investigated the effects of the technology-oriented

Table 5 Wilcoxon signed-rank test results of the difference between the pre- and post-test TPACK

scores

Pre- and post-test measurements n Mean rank Rank sum V4 p r
Negative rank 4 14.00 56.00 —7.571 0.000* -0.78
Positive rank 76 41.89 3184.00

Tie 14

Total 94

*p <.001, indicates a significant change from pretest to post-test
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pedagogic module of Mobile Game-based Inquiry Learning in Science (MGILS)
on preservice science teachers’” TPACK. The results indicate that a significant
difference between their TPACK scores at the pre- and post-tests, and this re-
vealed that the revised, case-based approach, MGILS improved their
technology-oriented TPACK, in term of TK, TPK, TCK, and TPACK for the
pedagogical integration of mobile game into school science class. This result is
consistent with Jimoyiannis (2010), Jang and Chen (2010), Srisawasdi (2012),
Srisawasdi (2014), Srisawasdi and Panjaburee (2014), and Srisawasdi, Bunterm,
and Pondee (2018) that implementation of well-designed coursework could fos-
ter preservice or in-service science teachers’ essential knowledge of TPACK. In
the present study, the finding suggests that when integrating a case-based ap-
proach to delivering the content of how to teach science through the inquiry
learning process by using mobile game into the school science context tended
to raise the preservice science teachers’ competencies in TK, TPK, TCK, and
TPACK. It was likely that inducing them into the establishing and analyzing of
research-based case study first, in the showing the case (S) phase, allowed the
preservice science teacher to perceive relative advantage of mobile game tech-
nology in school science improvement as well as to get an idea of how mobile
game worked to enhance inquiry-based inquiry science learning and to trans-
form knowledge representations of science content. This may help them
articulate their tacit knowledge about instruction (e.g., TK, TPK, TCK) and then
foster their TPACK (Scott et al., 2008; Sahin, 2012). Moreover, preservice sci-
ence teachers can realize theoretical aspects of instructional models for using
technology in education, and also learn about the effects of using technology
and specific learning model or method for promoting better learning through
the presented case (Han, Eom, & Shin, 2013). In the collaborative hands-on
practical work to discover how to pedagogically integrate the mobile game into
a science content-specific domain, in the practice in team (P) phase, this
process allows richer contexts to preservice science teachers to build integrative
knowledge about how to embed technology into particular learning model and
when to apply the models or theories in different instructional situations (Kurz
& Batarelo, 2010; Sahin, 2012; Sutton, 2011; Zhang et al.,, 2011). Besides, the
principle of setting an anchor by case study and of segmenting the case (e.g.,
breaking a whole presentation into coherent parts that can be digested sequen-
tially) is an effective pedagogical support to improve learning and memory
(McLarty et al., 1990; Mayer, 2009). As such, digesting essential knowledge of
TPACK of the case after the hands-on experience could be a supportive factor
to indicate focal points that provide a link for preservice science teachers’ per-
ception and comprehension. Furthermore, preservice science teachers worked in
collaborative teams, in the application of the case (A) phase, to design a school
science learning experience. The team was anchored by the case-based MGILS
and then ultimately creates an artifact of mobile game-integrated science lesson
regarding the case. Alayyar (2011), Koehler and Mishra (2005), and Shin, et al.
(2009) stated that the collaboration and design of artifacts to solve real-world
instructional problems enhanced preservice teachers develop a better under-
standing of how to use technology in instruction to enhance learning and
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potentially increasing their abilities to integrate technology fitting pedagogy in
the classroom and curriculum content. These features link to the aforemen-
tioned finding that preservice science teachers’ TK, TPK, TCK, and TPACK
have been improved significantly after receiving the case-based MGILS (see
Table 5). As such, it is reasonable to say that the case-based MGILS seems to
benefit preservice science teachers’ TPACK development more as it allows them
to accumulate professional learning experiences with particular research-based
case studies following S-P-A phases. Thus, this implies the possibility of im-
proving preservice science teachers’ TPACK of mobile game-based inquiry
learning in science and it could be an effective way to develop their essential
knowledge of mobile technology-enhanced learning in science to address the
twenty-first-century education requirement.

The results of this study have practical implications for teacher educators
since the findings increase our understanding of how to design effective
technology-integrated pedagogical learning modules that promote the improve-
ment of TK, TPK, TCK, and TPACK in the context of mobile game-based
inquiry learning in science for preservice teachers. Also, teacher educators can
gain a more insightful view on how the adapted TPACK emphasizing mobile
game-based inquiry learning in science can be implemented pedagogically in
preservice science teachers’ professional preparation in the teacher education
programs.

However, more teacher education research needs to be conducted to
maximize the improvement of preservice science teachers’ TPACK by redesign-
ing the pedagogic module of mobile game-based inquiry learning in science,
and this study still has several limitations. Although the findings were framed
in the literature on technology-integrated pedagogical approaches in teacher
education, this study was, firstly, based on the implementation and evaluation
of only one pedagogical module of mobile game-based inquiry learning in sci-
ence of one science teacher education program. Therefore, the researchers
should make it clear that the findings of this study should not be generalized to
the pedagogical module of mobile game-based inquiry learning in science in dif-
ferent teacher education contexts. Secondly, another limitation of this study was
the sample population utilized. The research study only recruited preservice sci-
ence teachers from a specific science teacher education program at a small uni-
versity that only offers one major of science education program that is general
science. Other majors of science teacher education programs, such as physics
education, chemistry education, biology education, should also be studied.
Thirdly, both cohorts of preservice science teachers were investigated their
TPACK in different measurement methods. Both quantitative and qualitative
methods should be emphasized in a balance and utilized to examine the effects
of the usual and revised pedagogic module of mobile game-based inquiry learn-
ing in science on preservice science teachers’ TPACK, and gainfully understand
the transformation of knowledge related TPACK. Fourthly, to gain more deepen
insight on how to completely foster preservice science teachers’ TPACK, all
seven TPACK constructs should be investigated to indicate an impact of the

teaching intervention.
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An example of open-ended question item in measuring preservice science teachers’

TPACK
Situation no.1:

Teacher A taught a chemical concept of ionization energy to particularly promote

students’ conceptual understanding of the trends in ionization energy across the peri-

odic table. In the chemistry class, teacher created an investigative learning experience

with the support of digital technology, which can create personal challenge through

missions and/or tasks in multi-levels. In addition, the teacher provided an essential

question to all students and then students could interact personally in groups with the

technology by playing and receiving rewards regarding their missions/or tasks accom-

plishment. In the end, students had been assigned to present their group answers to

the prescriptive question.

Questions related to TPACK

Purpose of the question.

The answer

1) Please describe the scientific
concept of ionization energy (SC)

2) According to the
abovementioned situation, what is
the teaching strategy used (TS) by
the teacher, please describe?

3) According to the
abovementioned situation, what is
the technological tool used (TT) by
the teacher, please describe?

4) In this situation, is the TS used
influences to facilitate the SC
learning, please describe?

This question allows you to express
your scientific conceptual
understanding of a specific content
area.

This question allows you to
describe the pedagogy or learning
approach conducted by the
teacher based on your
interpretation.

This question allows you to
describe a specific kind of digital
learning technology implemented
by the teacher based on your
interpretation.

This question allows you to explain
how the selected pedagogy or
learning approach could positively
facilitate the learning of specific
scientific content, based on your
interpretation.

The general trend is for ionization
energy to increase moving from
left to right across an element
period. Moving left to right across a
period, the atomic radius decreases,
so electrons are more attracted to
the (closer) nucleus. In addition, the
general trend is for ionization
energy to decrease moving from
top to bottom down a periodic
table group. Moving down a group,
a valence shell is added. The
outermost electrons are further
from the positive-charged nucleus,
so they are easier to remove.

Inquiry-based learning has been
characterized as an approach in
which teachers will provide
challenge problem/essential
question and set up the
background and context, while
students must determine the
procedure/design, perform the
investigation based on the
specified design, and then make
the scientific communication and
draw their answers as conclusions.

[Here is your answer]

To promote an effective
investigative learning experience,
an inquiry-based learning approach
is a recommended teaching strat-
egy to address the learning of sci-
ence by its nature. To enhance
students’ conceptual learning of
jonization energy trends, the inquiry
learning process can facilitate their
direct experience of exploration to
collect data and/or evidence, and
then draw a particular conclusion
regarding the posed question in
learning activities.
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An example of open-ended question item in measuring preservice science teachers’

TPACK (Continued)

Questions related to TPACK

Purpose of the question. The answer

5) In this situation, is the TT used
that can support TS, please
describe?

6) In this situation, is the TT used
that can transform the SC
presentation for students learning,
please describe?

7) According to those three
components, ie, SC, TS, and TT,
please describe the relationship in
terms of chemistry instruction?

This question allows you to explain
how the selected digital learning
technology could positively support
the selected pedagogy or learning
approach, based on your
interpretation.

[Here is your answer]

This question allows you to explain
how the selected digital learning
technology could positively
transform the specific scientific
content, based on your
interpretation.

[Here is your answer]

This question allows you to express
your integrative understanding to
evaluate the appropriateness of
using the selected digital learning
technology to enhance the
selected pedagogy or learning
approach on the specific scientific
content.

[Here is your answer]

(Note: This is a translation of original version in Thai language)

Examples of a close-ended question item in measuring preservice science teachers’ TPACK

1. Which technological tool is able to use to characterize content of learning as

narrative story or scenario, and student can interact with the tool through playing in

missions, having challenge and fun with different unique situations, receiving rewards

and upgrade to higher level by mission accomplishment? (Note: TK measurement)

A. Simulation

B. Animation

C. Augmented Reality (AR)

D. Digital Game

2. According to the content-specific domain of blood circulatory system, which

technological tool can change the representation of the content into the most chal-

lenging mission and maximizing learning enjoyment during playing with mission?

(Note: TCK measurement)

A. Animation

B. Digital Game
C. Simulation
D.

Augmented Reality (AR)

(Note: This is a translation of original version in Thai language)

3. According to the use of mobile game to facilitate inquiry-based learning, which

technological tool can change the representation of the content into the most chal-

lenging mission and maximizing learning enjoyment during playing with mission?

(Note: TPK measurement)

A. Tt can support students’ inquiry to measure scientific signals and then

automatically display the obtained raw data from the measurement.
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B. Students can immediately check the correction of their investigation, and then
personally receive feedback from their interaction.

C. It creates particular challenge to students to investigate target learning
phenomena by receiving rewards and scores from playing.

D. Students can inquire into the relationship among variables and visualize the

learning phenomena in invisible level.

(Note: This is a translation of original version in Thai language)
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