Computational Thinking: A Tale of Debugging
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Abstract: This exploratory research analyzes the video-recorded data of four elementary-grade
teachers debugging a school tour activity while utilizing a programable robot, Photon. This
summer’s professional development session on computational thinking (CT) integration was
four hours long and was focused on debugging as a key CT component. The results indicate
that teachers worked collaboratively to debug their way through errors using different strategies,
such as step-by-step execution or incremental code development.

Introduction

A bug is a noun that means a defect or fault in a machine, plan, or the like, and to debug is to eliminate such defect
(Shapiro, 1987). Debugging is a critical component of CT, providing a systematic approach to dealing with bugs
or errors (Rich et al., 2019). Evidence from research suggests that debugging programs or codes can enhance
general troubleshooting skills in all other non-programming domains (Michaeli & Romeike, 2019). This signifies
an immediate need to help elementary grade teachers and support them in bringing debugging into their
classrooms (Haduong & Brennan, 2019). This study explores how four elementary-grade teachers use debugging
in a social and collaborative environment.

Conceptual framework and methodology

For this exploratory study (Maxwell, 2013), our guiding research question was, “In what ways, if any, do two
groups of elementary grade teachers practice debugging while programming a robot to automate a school tour
activity?”. Borrowing from the larger framework of Community of Practice by Wenger (1998), we have used
three dimensions of practice (Asif et al., 2023) to analyze the collaborative work of participants within three
dimensions of debugging (Rich et al., 2019). The interlocking dimensions of practice include mutual engagement,
joint enterprise, and shared repertoire (see Wenger, 1998). The three dimensions of debugging include strategies
to find and fix bugs, types of bugs encountered, and the role of bugs (see Rich et al., 2019). Our data include four
hours of video recording of a face-to-face professional development (PD) facilitated by our PD partner, Eduscape
(https://www.eduscape.com). We adapted two coding phases from Charmaz's (2014). The initial phase included
generating descriptive codes, and the focused phase included connecting themes with our conceptual framework.

Findings and discussions

As part of the PD, teachers were asked to work in groups to write step-by-step instructions or pseudocode to
design an optimal school tour activity utilizing a programable robot, Photon (https://photon.education). Initially,
teachers encountered bugs in their coding related to wrong directions and incomplete instructions. They identified
these bugs through mutual accountability of negotiating about the bugs, i.e., rereading the activity instructions
together. Their strategy to find and fix the bugs was a step-by-step execution of instructions, where one participant
read the code, and the other acted on it, mimicking the movement of Photon. In the next phase, teachers
incrementally developed their code using step-by-step instructions execution and using the intermediate results as
a checking process. Lastly, teachers also found bugs embedded in the code's implementation and logic of the
programming models. They explained the bug's location, its behavior, and possible ways to debug it in their own
shared repertoire, i.e., reporting when their code checked for a particular condition only at the start. This is an
example of debugging as a social act of collaborative thinking and participation in a shared activity (Cadwell et
al., 2022). Our results highlight relationship patterns between types of bugs and the strategies employed by the
teachers to find and fix them (Liu et al., 2017). Teachers reproduced previous results to understand the bug and
the actual working of the robot. They tested isolated pieces of their code for validation in combination with step-
by-step execution.

Conclusion
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Debugging as a field of research has been overlooked (Lieberman, 1997), and it is an underrepresented topic in
K-12 classrooms (Rich et al., 2019). Teachers of K-12, especially elementary grades, often do not know debugging
as a systematic process, and explicit connections with debugging strategies are usually missing in their lessons
(Michaeli & Romeike, 2019). This research suggests that teachers' strategies for finding and fixing bugs varied as
the bugs became more challenging (Liu et al., 2017). We also found that as teachers worked together on the
problem, they started using multiple strategies to find and fix bugs simultaneously, reflecting on the interplay
(Rich et al., 2019) between different strategies for finding and fixing bugs.

Implications

Historically, CT has been framed using cognitive framing strategies (Kafai & Proctor, 2022), which is also true
in research focused on debugging (Micaeli & Romeike, 2019). Therefore, one of the significant implications of
this research study is that it uses the lens of practice, grounded in the socio-cultural theory of Community of
Practice (Wenger, 1998), to interpret the debugging process in a collaborative and shared environment. Another
conceptual implication is viewing the systematic debugging process via three dimensions (Rich et al., 2019):
reporting on the types of bugs encountered by teachers in block-based programming, the strategies used to find
and fix them, and the role of bugs in improving design. This research explores the collaborative debugging process
of elementary grade teachers in the hope that the findings of this research study will inform other researchers of
similar interests.
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