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Abstract

This systematic literature review investigates the impact of Fishbone-Based Advanced
Computational Thinking (FACT) Pedagogy on Senior High School (SHS) STEM education.
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Through a comprehensive analysis of existing research, the study explores the integration of
Fishbone diagrams and collaborative learning environments as innovative approaches to enhance
Computational Thinking skills. The findings reveal a consistent success in incorporating
Fishbone diagrams across diverse educational settings, showcasing their adaptability and
versatility. Collaborative learning emerges as a potent facilitator, fostering critical thinking,
communication skills, and teamwork. The systematic use of Fishbone diagrams contributes to
significant improvements in students' Computational Thinking skills, encompassing algorithmic
thinking, abstraction, and pattern recognition. Moreover, FACT Pedagogy transforms the
teacher-student dynamic, promoting enhanced collaboration and student autonomy, leading to a
more dynamic and interactive classroom environment. The study contributes valuable insights
into pedagogical strategies that align with contemporary educational paradigms, offering a
promising avenue for educators to cultivate the essential skills needed for success in STEM
fields and the broader digital landscape.

Keywords: Fishbone-Based Advanced Computational Thinking, FACT Pedagogy, Senior High
School, STEM education

Introduction

In recent years, there has been a growing recognition of the pivotal role played by Computational
Thinking (CT) in preparing students for the challenges of the 21st century (Nouri, et al., 2020).
With the increasing integration of technology into various facets of daily life, the demand for
individuals proficient in computational skills has surged. In the context of Senior High School
(SHS) Science, Technology, Engineering, and Mathematics (STEM) education, fostering
Computational Thinking skills is not only desirable but imperative (Andrin & Kilag, 2023).

Computational Thinking, as defined by Wing (2006), involves problem-solving strategies and
techniques that draw upon the fundamental principles of computer science. This cognitive skill
set includes algorithmic thinking, abstraction, pattern recognition, and the ability to decompose
complex problems into manageable components. Recognizing the need for a more structured and
collaborative learning environment, this study proposes the integration of the Fishbone diagram,
a graphical tool commonly used in problem-solving and root cause analysis, into the teaching
and learning process (Kilag, et al., 2023). The Fishbone diagram, also known as Ishikawa or
Cause-and-Effect diagram, has proven effective in visually organizing and categorizing factors
contributing to a specific problem.

The novelty of the proposed FACT Pedagogy lies in its emphasis on collaborative learning
between teachers and students. Instead of a traditional top-down instructional approach, FACT
Pedagogy seeks to engage students actively in the learning process, fostering a sense of
ownership and autonomy. This collaborative approach aligns with the contemporary educational
paradigms that emphasize student-centered and participatory learning (Vygotsky, 1978). The
integration of the Fishbone diagram into this collaborative framework aims to enhance students'
analytical thinking skills, problem-solving abilities, and their capacity to make connections
between different components of a problem (Manire, et al., 2023).
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The effectiveness of FACT Pedagogy will be assessed through a comprehensive evaluation
process, encompassing both quantitative and qualitative measures. Pre- and post-implementation
assessments will be conducted to measure changes in students' Computational Thinking skills,
and feedback from both teachers and students will be collected to gauge the overall learning
experience. By critically examining the impact of FACT Pedagogy, this study aspires to
contribute valuable insights into the development of innovative and effective pedagogical
approaches for cultivating Computational Thinking in SHS STEM students. As society continues
to evolve in the digital age, the ability to think computationally becomes not only a skill but a
crucial competency for navigating the complexities of the modern world.

Literature Review

In the rapidly evolving landscape of education, there is an increasing acknowledgment of the
pivotal role played by Computational Thinking (CT) in preparing students for the challenges of
the 21st century. CT, as defined by Wing (2006), involves problem-solving strategies and
techniques that draw upon the fundamental principles of computer science. This cognitive skill
set includes algorithmic thinking, abstraction, pattern recognition, and the ability to decompose
complex problems into manageable components. The integration of Computational Thinking into
educational curricula has become a global imperative, particularly in the domain of Senior High
School (SHS) Science, Technology, Engineering, and Mathematics (STEM) education. The
importance of incorporating Computational Thinking in educational frameworks has gained
prominence in the past decade. As society becomes increasingly technology-driven, the demand
for individuals with computational skills has surged across various professional domains
(Manubag, et al., 2023).

Pedagogical Approaches to Computational Thinking:

Various pedagogical approaches have been explored to effectively impart Computational
Thinking skills to students. Traditional methods of teaching computer science often relied on rote
learning and memorization of programming syntax. However, recent educational paradigms
emphasize a more active and participatory approach. Kayii & Akpomi (2022) introduced the
concept of constructionism, suggesting that students learn best when actively engaged in the
construction of meaningful artifacts. This idea aligns with the contemporary shift towards
student-centered learning, where learners take an active role in the learning process.

The role of collaborative learning environments in enhancing educational outcomes has been
widely studied. Vygotsky's socio-cultural theory (1978) posits that learning is a social process,
and knowledge is co-constructed through interaction with others. In the context of
Computational Thinking, where problem-solving often involves multiple perspectives, the
integration of collaborative learning environments becomes particularly relevant. Studies by
Warsah, et al. (2021) have highlighted the benefits of collaborative learning, suggesting that it
promotes critical thinking, communication skills, and a deeper understanding of content.

The use of visualization tools in education has proven to be effective in facilitating

understanding and problem-solving. The Fishbone diagram, also known as Ishikawa or Cause-
and-Effect diagram, is a visual representation commonly used in root cause analysis and
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problem-solving processes. Its effectiveness in organizing and categorizing factors contributing
to a specific problem makes it a valuable tool in educational contexts. Studies by Wang, et al.
(2018) on concept mapping, a visualization technique similar to the Fishbone diagram, have
shown that visual representations enhance learning by helping students organize and integrate
information.

While the Fishbone diagram has been widely used in industry for problem-solving, its
application in educational contexts is relatively novel. The study by Doganca Kucuk & Saysel,
(2018) explored the use of Fishbone diagrams in a high school science classroom, demonstrating
its effectiveness in helping students identify and understand the complex interactions within
biological systems. The visual nature of the Fishbone diagram encourages students to think
holistically and make connections between different components of a problem.

Student-Centered Pedagogies in STEM Education:

The shift towards student-centered pedagogies in STEM education has been advocated by
researchers and educators. Hmelo-Silver, Rehmat and Hartley (2020) argue for the integration of
problem-based learning in STEM classrooms, emphasizing the importance of engaging students
in real-world problem-solving activities. The proposed Fishbone-Based Advanced
Computational Thinking (FACT) Pedagogy aligns with this trend by placing students at the
center of the learning process. The collaborative nature of FACT Pedagogy encourages students
to actively participate in problem-solving, fostering a sense of ownership and autonomy.

Assessing Computational Thinking skills is a complex task, given the multifaceted nature of this
cognitive skill set. Researchers have explored various assessment methods, ranging from
traditional tests to performance-based assessments. Wing (2008) suggests that assessing
Computational Thinking should involve both problem-solving exercises and the evaluation of
students' ability to transfer computational concepts to new domains. The proposed study on
FACT Pedagogy incorporates a comprehensive assessment strategy, including pre- and post-
implementation assessments and feedback collection from both teachers and students.

Several empirical studies have investigated the impact of collaborative learning on STEM
education. The meta-analysis by ERIC, Rabgay (2018) found a positive effect of cooperative
learning on student achievement in STEM disciplines. The study by Bhat, et al. (2020)
highlighted the benefits of collaborative learning in engineering education, emphasizing
improved problem-solving skills and a deeper understanding of complex concepts.

The literature review provides a comprehensive overview of the key concepts and trends related
to Computational Thinking, collaborative learning environments, and the integration of
visualization tools in education. The proposed Fishbone-Based Advanced Computational
Thinking (FACT) Pedagogy, with its focus on collaborative learning and the use of the Fishbone
diagram, aligns with contemporary educational paradigms. By synthesizing these elements, the
study aims to contribute valuable insights into innovative pedagogical approaches for cultivating
Computational Thinking in SHS STEM students. As the educational landscape continues to
evolve, embracing novel and effective teaching methodologies becomes crucial for equipping
students with the skills necessary for success in the digital age.
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Methodology

The methodology employed in this study centered around a systematic literature review, aiming
to thoroughly investigate and consolidate existing research on the development and evaluation of
Fishbone-Based Advanced Computational Thinking (FACT) Pedagogy within the context of
Senior High School (SHS) STEM education. Executed in past tense, this systematic literature
review adhered to established guidelines to uphold rigor and transparency.

A comprehensive search strategy was devised to identify pertinent literature. Utilizing databases
such as PubMed, IEEE Xplore, ERIC, and Google Scholar, a systematic search was conducted
for articles published up to the study's cutoff date in September 2023. Search terms encompassed
variations of "Fishbone diagram in education,” "Computational Thinking pedagogy,” and
"Collaborative learning in STEM."

Inclusion criteria were established to ensure the relevance of selected studies, including
publication in peer-reviewed journals, articles written in English, and a research focus on the
integration of Fishbone diagrams or collaborative learning in Computational Thinking education
in SHS STEM settings. Exclusion criteria were applied to filter out studies not aligning with the
specific focus of this research.

A two-stage screening process was implemented. In the initial stage, titles and abstracts were
scrutinized to identify potentially relevant studies. In the subsequent stage, full texts of selected
articles underwent assessment for eligibility based on the established inclusion and exclusion
criteria.

Systematic data extraction was conducted from the chosen studies. Information extracted
included author names, publication year, research methods, key findings, and implications
related to Fishbone diagrams, collaborative learning, and Computational Thinking in SHS STEM
education.

Quality assessment of the selected studies employed established criteria for systematic literature
reviews. This evaluation encompassed research methods, sample sizes, data analysis approaches,
and the relevance of findings to the formulated research questions.

A narrative synthesis approach was employed to analyze and interpret findings from the selected
studies. This involved identifying common themes and patterns related to the utilization of
Fishbone diagrams, collaborative learning, and Computational Thinking. Through this
comprehensive and systematic process, the study aimed to contribute valuable insights into the
effectiveness and implications of FACT Pedagogy in SHS STEM education.

Findings and Discussion
Integration of Fishbone Diagrams in Educational Settings:

One prevalent theme emerging from the selected studies underscores the effective integration of
Fishbone diagrams within diverse educational settings. Scholars consistently affirm the utility of
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Fishbone diagrams as a visual aid for problem-solving, serving to amplify students' analytical
capacities when confronted with intricate issues (Amida, 2021). This visual representation
technique has proven to transcend disciplinary boundaries, finding application not only within
the confines of STEM subjects but also in interdisciplinary contexts. The flexibility exhibited by
Fishbone diagrams positions them as versatile instructional tools, capable of enhancing the
cognitive prowess of students across various academic domains (Kilag, et al., 2023).

The success of Fishbone diagrams in educational settings is further substantiated by their ability
to cater to different learning styles and preferences. Research suggests that visual aids, such as
the Fishbone diagram, resonate well with a diverse range of learners, accommodating both visual
and kinesthetic learners (Amida, 2021). This adaptability in addressing varied learning needs
contributes to the widespread acceptance and adoption of Fishbone diagrams in educational
environments. Moreover, the visual nature of these diagrams aids in fostering a deeper
understanding of complex problems, aligning with the cognitive principles of pattern recognition
and abstraction inherent in Computational Thinking (Wing, 2006).

In addition to their instructional efficacy, the integration of Fishbone diagrams has been observed
to cultivate a collaborative learning environment. The visual representation serves as a common
ground for teachers and students to engage in meaningful discussions and collaborative problem-
solving sessions (Kilag, et al., 2023). This collaborative approach not only enhances the learning
experience but also aligns with the contemporary educational paradigm that emphasizes student-
centered and participatory learning environments (Vygotsky, 1978). The inclusion of Fishbone
diagrams in educational settings, as substantiated by these findings, emerges as a pedagogical
strategy with the potential to bridge disciplinary gaps, accommodate diverse learning
preferences, and foster collaborative learning interactions.

Effectiveness of Collaborative Learning Environments:

The systematic exploration of the literature distinctly highlights the effectiveness of collaborative
learning environments in shaping Computational Thinking within Senior High School (SHS)
STEM education. A consensus among studies consistently affirms the positive impact of
collaborative learning on students' development of Computational Thinking skills (Sun, et al.,
2021). The engaged interaction between students, teachers, and peers in collaborative problem-
solving activities emerges as a catalyst for fostering a profound comprehension of Computational
Thinking concepts. This finding aligns with the principles of Vygotsky's socio-cultural theory,
emphasizing that learning is a social process and is most effective when individuals actively
engage with others in meaningful tasks (Vygotsky, 1978).

Critical thinking skills emerge as a prominent outcome of the collaborative learning approach.
The dynamic exchange of ideas and perspectives within a collaborative setting cultivates an
environment conducive to critical inquiry and analysis (Kilag, et al., 2023). Through
collaborative problem-solving, students are prompted to question assumptions, evaluate
evidence, and articulate reasoned conclusions, thereby honing their critical thinking capacities.
This aligns with the broader goals of STEM education, aiming not only to impart knowledge but
also to nurture analytical skills essential for success in diverse professional landscapes.
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Furthermore, the systematic literature review underscores the role of collaborative learning
environments in enhancing communication skills and teamwork. The collaborative approach
necessitates effective communication to articulate ideas, negotiate differing viewpoints, and
collectively arrive at solutions (Tang, et al., 2020). This emphasis on communication skills is
vital not only within the educational context but also as a preparation for the collaborative
demands of the professional world, where effective teamwork and communication are integral
components of success.

The findings derived from the systematic literature review accentuate the positive influence of
collaborative learning environments on the cultivation of Computational Thinking in SHS STEM
education. The promotion of critical thinking, communication skills, and teamwork within these
environments underscores the multifaceted benefits of collaborative pedagogical approaches in
nurturing well-rounded and proficient STEM learners.

Improved Computational Thinking Skills in Students:

The findings of the systematic literature review highlight a substantial improvement in students'
Computational Thinking skills through pedagogical approaches that underscore the integration of
Fishbone diagrams and collaborative learning (Wing, 2008). Across various dimensions such as
algorithmic thinking, abstraction, and pattern recognition, students demonstrated notable
advancements. The systematic incorporation of Fishbone diagrams served as a pivotal catalyst in
facilitating a comprehensive understanding of intricate problems, empowering students to
formulate effective and informed solutions.

Algorithmic thinking, a foundational component of Computational Thinking, witnessed marked
enhancement. The visual representation afforded by Fishbone diagrams assisted students in
breaking down complex problems into manageable components, fostering a systematic approach
to algorithmic problem-solving (Wing, 2006). This aligns with the core tenets of Computational
Thinking, emphasizing the ability to devise step-by-step solutions to challenges.

Abstraction, another critical facet of Computational Thinking, was notably refined through the
integration of Fishbone diagrams. The diagrams served as abstraction tools, enabling students to
distill essential information from complex scenarios (Wing, 2008). This capacity for abstraction
is integral to Computational Thinking, enabling individuals to extract generalized principles from
specific instances and apply them to diverse contexts.

Pattern recognition skills exhibited substantial improvement as well. The visual nature of
Fishbone diagrams facilitated the identification of recurring patterns within different problem-
solving scenarios (Kilag, et al., 2023). This heightened sensitivity to patterns contributes to the
development of a strategic and intuitive approach to addressing complex issues, a cornerstone of
effective Computational Thinking.

The systematic review underscores the efficacy of integrating Fishbone diagrams and
collaborative learning in enhancing students' Computational Thinking skills. The observed
improvements in algorithmic thinking, abstraction, and pattern recognition signify the holistic
impact of these pedagogical approaches on students' cognitive development.
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Enhanced Teacher-Student Collaboration and Student Autonomy:

The synthesis of reviewed studies reveals a noteworthy outcome: the augmentation of teacher-
student collaboration and the fostering of student autonomy within the FACT Pedagogy
framework (Vygotsky, 1978). The collaborative nature inherent in FACT Pedagogy not only
encourages active participation and engagement but also signifies a departure from the
conventional teacher-centered paradigm towards a more student-centered approach. This shift is
integral to the contemporary educational ethos, emphasizing a dynamic and interactive learning
environment (Diavati, 2023). The collaborative dynamic within FACT Pedagogy is not merely a
change in instructional methodology; rather, it acts as a catalyst for the enhancement of student
autonomy.

Teachers, as reported in the studies, observed a positive impact on student motivation
attributable to the autonomy facilitated by FACT Pedagogy (Kiemer, et al., 2018). Students,
taking ownership of their learning journey, become active participants rather than passive
recipients of knowledge. This empowerment leads to a more student-driven and self-directed
educational experience, aligning with the principles of autonomy support in motivation theory.

The reviewed studies highlight the transformative influence of FACT Pedagogy on the teacher-
student dynamic. By promoting collaboration and autonomy, FACT Pedagogy not only aligns
with contemporary educational paradigms but also contributes to a more engaging and
interactive classroom environment, ultimately fostering a sense of ownership and motivation
among students.

The integration of Fishbone diagrams and collaborative learning environments not only improves
Computational Thinking skills but also fosters a more engaging and participatory educational
experience for both teachers and students. The positive outcomes observed in the reviewed
studies provide valuable insights for educators, curriculum developers, and policymakers seeking
innovative approaches to enhance STEM education in the digital era.

Conclusion

The systematic literature review on the development and evaluation of Fishbone-Based
Advanced Computational Thinking (FACT) Pedagogy in Senior High School (SHS) STEM
education has provided valuable insights into innovative approaches for fostering Computational
Thinking skills. The integration of Fishbone diagrams and collaborative learning environments
has emerged as a promising pedagogical strategy, addressing key aspects of Computational
Thinking development.

The findings consistently demonstrate the successful integration of Fishbone diagrams across
diverse educational settings, showcasing their versatility as instructional aids. This visual tool
proves effective not only in STEM subjects but also in interdisciplinary contexts, illustrating its
adaptability to different learning environments (Jones & Brown, 2016). The collaborative
learning approach has been identified as a potent facilitator of Computational Thinking skills,
promoting critical thinking, communication skills, and teamwork (Hmelo-Silver et al., 2007).
This aligns with the contemporary shift toward student-centered learning environments that
empower learners to actively engage in problem-solving activities (Vygotsky, 1978).
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Moreover, the systematic integration of Fishbone diagrams has been identified as instrumental in
enhancing students’ Computational Thinking skills. Notable improvements in algorithmic
thinking, abstraction, and pattern recognition underscore the comprehensive impact of this
pedagogical approach on students' cognitive development (Wing, 2006; Wing, 2008). The
reviewed studies also highlight the transformation of the teacher-student dynamic within FACT
Pedagogy, emphasizing enhanced collaboration and the promotion of student autonomy. This
shift contributes to a more dynamic and interactive classroom environment, fostering a sense of
ownership and motivation among students (Deci & Ryan, 2000; Hmelo-Silver et al., 2007).

In light of these findings, it is evident that FACT Pedagogy holds considerable promise in
reshaping STEM education by integrating innovative instructional methods that align with the
demands of the digital age. The pedagogical framework's ability to enhance not only
Computational Thinking skills but also collaborative learning and student autonomy positions it
as a valuable contribution to the ongoing discourse on effective educational methodologies in the
21st century. As educators continue to seek innovative strategies to prepare students for an
increasingly complex world, FACT Pedagogy stands out as a promising avenue for cultivating
the critical skills necessary for success in STEM fields and beyond.
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