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Abstract: It has been a global trend to incorporate computational thinking (CT)
into K-12 education and curriculum, magnifying the importance of CT in the
technological era. Teachers are the key drivers in the process and success of
integrating CT into classroom instruction. It is even imperative to enhance pre-
service teachers’ CT literacy before they enter the education ecosystem. A
pedagogical framework of teaching CT in solving problems is derived for pre-
service teachers in the study, which is purposefully simplified from a previous
study for the sake of the pre-service teachers’ training and development. With
frequent practice, it is expected to increase pre-service teachers’ CT literacy so
that they can apply in daily problem solving and future course design, in all
subject and cross domains.
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Introduction

Technology and tools are now essential parts of daily lives, with software and hardware
frequently updated to meet evolving demands. As society changes rapidly, individuals
must not only acquire knowledge but also solve various problems. Although problem-
solving has been practiced since the 19th century, it was viewed as a systematic cognitive
skill used to address clear-cut problems. Today's problems are more complex, and
problem-solving is now considered a critical ability to adapt to the 21st century's
challenges (Chalkiadaki, 2018; Dede, 2010; Van Laar et al., 2017; Voogt & Roblin, 2010).
Computational Thinking (CT) has become a valued literacy in education and walks of life
as a thinking routine that can help solve complex problems.

Studies have focused on cultivating CT to enhance problem-solving abilities (Gokce &
Yenmez, 2022; Majeed et al., 2022; Park & Kwon, 2022). The worldwide K-12 education
has integrated CT, emphasizing its importance in curriculum standards (Grover & Pea,
2013; Sanusi et al., 2022; Wang et al., 2019; Xing & Zhang, 2020). Scholars debate
whether K-12 students can receive effective high-order thinking cultivation in CT, which
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is contingent on the role of teachers (Fessakis et al., 2018; Israel et al., 2015; Kim & Kim
2018; Yang et al., 2018). Teachers are the key drives in the process and success of
integrating CT into classroom instruction.

Literature has indicated that introducing CT into classroom instruction is challenging
for teachers, given challenges such as shortages of specialized teachers, teaching strategies
and instructional materials, inadequate understanding of the importance of CT among
teachers in fields other than computer and information sciences, and insufficient
professional competence among teachers (Kong et al., 2020; Lee et al., 2023; Mouza et
al., 2017; Weintrop et al., 2016; Yadav et al., 2017). It is more than important in pre-
service teachers. While still in pre-service teacher training, there is time to acquaint them
with CT to become habitual in practicing CT in daily living, and course designs as well.
Therefore, this paper proposes a pedagogical framework of CT components for enhancing
their problem-solving capability. The framework aims to provide a useful reference for
various professional domains and cross disciplinaries such as STEAM (Science,
Technology, Engineering, Arts, and Mathematics).

CT Education for Pre-Service Teachers

CT education for teachers and pre-service teachers is a growing area of interest in
education research. As technology use continues to become more and more prevalent in
classrooms, it is important for teachers to have a strong foundation in CT skills and
pedagogy (Bower at al., 2017; Mouza et al., 2017). Studies have shown that pre- service
teachers who receive instruction in CT are more likely to incorporate CT into their teaching
practices (Chang & Peterson, 2018). Mouza et al. (2018) argue that teaching CT to pre-
service teachers is essential in order to prepare future generations of students in a
technology-driven society. Cutumisu and Guo (2019) suggest that incorporating CT into
teacher education programs can enhance pre-service teachers' problem-solving abilities
and promote interdisciplinary thinking. Furthermore, Dong et al. (2023) found that pre-
service teachers who received CT training showed significant improvement in their CT
skills and coding abilities. Therefore, it is important for teacher education programs to
provide pre-service teachers opportunities to learn and practice CT skills, as this can
improve their teaching practices and further, better prepare their students for the skills
needed in the 21st century.

Several studies have explored the impact of programming activities on pre-service
teachers' CT abilities, with encouraging results. Jaipal-Jamani and Angeli (2017)
implemented a robotics course that required pre-service teachers to build and program
three robotic models. The researchers found that after the robotics intervention, the pre-
service teachers' CT skills improved significantly, as evidenced by their successful
completion of programming tasks. Mouza et al. (2017) investigated how pre-service
teachers implement CT concepts in their courses using Scratch and other educational
technologies. The findings of the study revealed that the pre-service teachers' CT skills,
utilization of technological tools, and classroom activities witnessed significant
enhancements post the completion of the training course. Butler and Leahy (2021) reported
success in deepening pre-service teachers' understanding of CT and embedding it into
practice with tools such as Scratch. Overall, these studies suggest that incorporating
programming activities and CT concepts into pre-service teacher education programs can
effectively enhance their CT skills and pedagogical practices. However, these studies do
not explicitly provide a teaching framework suitable for application in the classroom.
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A Problem-Solving-Based Framework for Teaching CT

Jeng et al. (2019) synthesized literature related to problem-solving and CT and
proposed a procedural framework that integrates seven problem-solving stages and ten CT
components for designing and evaluating CT instructional courses. This framework
acknowledges the value of integrating problem-solving with CT as it provides a clear and
structured procedure to guide instructional design and assessment. It can be customized to
meet specific requirements such as various nature of tasks, target audiences, lengths of
study time, and the needs for plugged or unplugged activities, by adjusting the procedural
stages in the framework. This framework offers a practical tool for educators and
researchers seeking to develop CT literacy in students. It facilitates the design of CT
teaching and learning assessments, ultimately leading to developing more effective CT
education programs.

For the purpose of an intensive workshop for pre-service teacher training, a concise
framework (FIGURE 1. and TABLE 1.) is developed based on Jeng et al.’s, in which major
CT components are reserved and merged, with the addition of a very first participation
stage, and still the corresponding problem-solving procedural flow is followed. The
framework includes evaluation and creation which are often difficult to achieve and are
overlooked in traditional learning. They are sustained in the framework to ensure a
complete and ideal learning, even in the context of an intensive workshop as in the present
study. An elucidation of the framework is followed.
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Figure 1: A six-stage CT Teaching Framework
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There are six procedural stages in the framework. Firstly, the initial phase involves
motivating learners through videos, task activities, and demonstrations for them to
recognize the everyday CT application in real life, thereby encouraging their participation
and involvement. Secondly, problem exploration is practiced by using real-life problems
for learners to think about the essence of the problems through instructional guide, and
peer collaboration and discussion, to identify the cores of the problem and break down
complex problems into smaller, more manageable parts. Thirdly, using specific
representations as in computer science, such as flowcharts or pseudocodes, learners
illustrate their algorithms into solution design. Fourthly, a specific programming syntax
and structure (such as Python) is introduced to learners and help them implement the
previously established representations into computer program instructions, allowing them
to verify the benefits of automation and the effectiveness of computing tools in solving
complex problems. Next, after the implementation of the program, learners evaluate the
solution, reflecting on whether the solution meets as expected and whether there are other
more efficient solutions. Lastly, learners extend and generalize the learning experiences
beyond the specific contexts provided by the instructor into new contexts, solving new
problems and creating for new needs.

Conclusion

CT has become an essential skill set for individuals to thrive in the 21st century. As
such, it is crucial to incorporate CT into teacher education programs to prepare future
teachers and students adequately. Studies have shown that providing pre-service teachers
with CT instruction improves their CT skills, in which programming activities have proven
to be an effective way. However, a pedagogical framework is needed to guide instructional
design and assessment in CT education. Jeng et al.’s (2019) procedural framework
integrates problem solving with CT, providing a clear and structured procedure for CT
instructional courses. In this study, a concise CT framework based on Jeng et al.’s work is
proposed, suitable for an intensive workshop for pre-service teacher training. This
framework consists of six procedural stages, including motivating learners to participate,
problem exploration, solution design, implementation, evaluation, and creation. Through
these stages, pre-service teachers can gain a deep understanding of CT and problem
solving, enabling them to apply CT in daily lives and future teaching practices as well.
Ultimately, the proposed framework offers a practical tool for educators and researchers
seeking to develop CT literacy in students and provides a means of assessing the
effectiveness of CT education. Incorporating CT into teacher education and training is
essential to prepare future generations of students for a technology-driven society.
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