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Abstract

Debugging is an unavoidable challenge for novice programmers
and often causes frustration. Even if a systematic debugging process
helps students to be successful, debugging still remains challenging
for them. Aiming at supporting students and reducing frustration,
this doctoral research project investigates debugging processes of
students using multi-modal process data. By triangulating this pro-
cess data (e.g., screen recordings, eyetracking, log data), the project
aims at making steps towards an automated analysis of debugging
processes, facilitating large-scale process analysis. Eventually, this
approach seeks to provide learners with personalized feedback and
to advance the understanding of how students engage in debugging.
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1 Introduction

In almost every computing education curriculum worldwide, learn-
ing to program is an important part [2]. Although several studies
on teaching and learning programming have been conducted so
far, students still struggle with learning programming [9]. As they
need to deal with several new concepts, such as variables and con-
ditionals, it is not surprising that students’ code frequently contains
bugs that need to be fixed. Consequently, debugging, the process
of finding and fixing bugs, is an unavoidable challenge for novices
when learning to program. Moreover, debugging is difficult for most
students, regardless of their level of programming skills, because
debugging skills differ from programming skills [3] and need to
be taught explicitly [6] what only happens rarely [10]. As a result,
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students often end up being frustrated [12]. Teaching a systematic
debugging process has proven to be beneficial for students [10].

However, to investigate how learners actually engage in debug-
ging, analyzing debugging processes rather than only looking at
performance outcomes is essential. This perspective highlights not
only where learners encounter challenges but also how interven-
tions or feedback can be tailored to support students in targeting
difficulties more effectively.

2 Related Work

Debugging stems from the necessity of finding and fixing bugs,
as most programs in educational and professional settings do not
work as intended right from the beginning. To describe an ideal-
typical way of debugging, research has proposed several debugging
process models since the 1970s. Those models represent an ideal and
successful sequence of debugging process steps and were developed
either theoretically or empirically, e.g., [1, 4, 13]. Although the
process models were developed over a long period of time using
different methodologies, they can be summarized into the same
four steps: (1) observe the failure, (2) set up a hypothesis, (3) verify
the hypothesis, and (4) fix the bug and verify the solution. When
debugging code from other developers, an additional step of code
comprehension to familiarize with the program is necessary [5].
This step is often carried out in the beginning, but can also be
included at other points in time of the debugging process. However,
only some process models address this additional step, e.g., [4].

Focusing on educational contexts, several previous studies ana-
lyzed the debugging processes of students. Examining those studies
in detail reveals that the data type used to capture the debugging
processes has a great impact on the outcome. Capturing snapshots
of a program at certain points in time is an easy way to collect data
for analyzing students’ debugging processes. However, snapshots
lack all the actions that happen between the collection points. In
contrast, screen recordings and log data are examples of data types
that capture everything the students are doing when debugging.
In light of this, it is surprising that the majority of the previous
studies either used screen recordings (e.g., [7, 11]) or snapshots
(e.g., [5]) as a basis for analyzing students’ debugging processes.
Studies analyzing log data are rare. For evaluating the data, most
of the studies used inductive analysis approaches to investigate the
debugging strategies the students applied (e.g., [3, 5]). In addition,
there is a focus on assessing students’ debugging performance (e.g.,
[3, 7]). In contrast, only a few studies evaluated screen-recorded
debugging processes using deductive analysis methods, with debug-
ging process steps from previous work as a foundation [8, 11]. As
a result, the current body of research lacks theory-based analysis
approaches, investigating students’ debugging processes using an
ideal-typical debugging process as a foundation.
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3 Current Work

As a first step, this doctoral research project has thus far focused
on developing a qualitative theory-based analysis approach for
investigating screen-recorded debugging processes. To identify
students’ the debugging processes, all actions performed by the
students were mapped to the debugging process steps of an ideal-
typical debugging process. Subsequently, the students’ processes
were contrasted with the ideal-typical debugging process to identify
deviations. Preliminary results from a pilot study with five K-12
students working on debugging tasks using Scratch show that
students often omitted important steps in the debugging process,
like verifying the hypothesis or verifying the solution. In conclusion,
the comparison with an ideal-typical debugging process offers deep
insights into the students’ processes and the possibility to identify
deviations that might be the cause of the problems. Moreover, this
approach offers a starting point for an extended analysis approach
that takes more types of process data into account, facilitating
the setup of a comprehensive code book for mapping actions to
debugging process steps.

4 Future Work

As a next step, it is planned to capture multi-modal process data to
be able to analyze the debugging processes in a more fine-grained
way. Besides using screen recordings for capturing the debugging
processes, also eyetracking, think-aloud protocols, and retrospec-
tive interviews should be used to get as many perspectives on
the debugging process as possible. This offers to develop a very de-
tailed code book for mapping actions to the debugging process steps.
Moreover, pre- and post-surveys, assessing students’ programming
skills, their attitudes towards programming and debugging, and the
emotions experienced while debugging, allow for the collection of
background information about the participants.

As a second next step, it is planned to expand the approach to
analyzing log data of debugging processes. For identifying which
information is necessary for mapping logs to debugging process
steps, first, the screen recordings should be examined in detail again,
focusing on this aspect. Then the logs should also be analyzed qual-
itatively to develop a code book for mapping log data to actions.
Afterwards, the results of the analyses of different data types should
be contrasted to investigate whether log data miss relevant context
information in comparison to screen recordings. Overall, the results
of investigating debugging processes can serve as a foundation for
automated debugging process analysis. Such automatization offers
the chance to conduct large-scale analyses of students’ debugging
processes, investigating, e.g., common problems. Moreover, auto-
mated analysis can be expanded to provide personalized, timely
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feedback to students and to assess the effect of an intervention,
analyzing the influence on the process level.
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