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Abstract: This paper presents the design and preliminary results of Pyzzles (Python
Puzzles), a web-based application inspired by Zugzwang principles from chess to
enhance novice programmers' debugging skills. In Zugzwang puzzles, a player must
decide on the move that most benefits their position. Pyzzles replicates this concept by
providing learners with code snippets containing debugging errors and defining the
“best debugging move” as the minimal number of lines edited to correct the code.
Partial points are awarded for suboptimal corrections. Pyzzles was tested on a small
cohort of 16 participants from introductory programming classes over 14 days. While
Pyzzles significantly increased users' self-perceived debugging confidence, there was
no significant improvement in actual debugging skills, defined as the ability to identify
erroneous lines of code. The study’s small sample size limits the generalizability of
these findings, and the paper concludes with suggestions for future research to better
integrate Pyzzles into the broader literature on debugging tools and to explore
enhancements that could support both self-perceived confidence and actual debugging
proficiency.
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1. Introduction

This study contributes to research aimed at improving students' debugging skills (Beaubouef,
2005). Enhancing debugging skills can reduce attrition rates among Computer Science
students in secondary and tertiary education (Hoda & Andrae, 2014). The paper focuses on
Debugging Confidence (O’Dell, 2017), which is linked to high debugging skill (Marzieh et al.,
2005). However, there is a lack of research on investigating Debugging Confidence. This
paper introduces a novel approach by incorporating Zugzwang principles into learning
software. These features measure self-perceived debugging confidence and actual debugging
skill. The study uses Language Specification Errors and Program Specification Errors in
debugging puzzles. It aims to offer alternative methods for enhancing debugging learning and
reducing attrition rates. This approach can benefit educators and researchers in teaching
debugging to novice tertiary-level students.
Formally, the study set out to answer the following:
1. (RQ1) How did the Zugzwang Debugging Puzzles affect students' Debugging
Skills?
2. (RQ2) What effects did the Zugzwang Debugging Puzzles have on students’ Self-
Perceived Debugging Confidence
3. (RQJ3) Is there a relationship between the students’ Self-Perceived Debugging
Confidence and Debugging Skills?



2. Methodology

The study involved 16 students from two Introduction to Computer Programming classes. Over
two weeks, they completed debugging tasks and pre/post-tests to measure their debugging
skills and self-perceived confidence. Debugging skill was defined as the ability to edit
predefined faulty code. Puzzles were based on course concepts, with harder puzzles
introducing higher-level algorithms and more language specification errors. The user interface
featured a minimalist design, sequential puzzle unlocking, and gamification elements like
levels and walling to ensure progression and engagement.

The puzzle interface used design principles salient to Zugzwang puzzles, including
windows for puzzle identification, objectives, skill and puzzle ratings, hints, expected output,
and an immersive IDE for coding and testing. The scoring rubric, adapted from a CS101
course, focused on "Correct Outputs” and "Intended Functionality," tracking user edits on
predefined faulty lines and assigning scores based on test cases and accurate bug
identification.

Self-perceived debugging confidence was assessed via surveys before and after tests,
with experimental group data comparing the percentage of accepted random puzzles to
confidence ratings, introducing a novel method for evaluating confidence and skill
improvement in debugging education.

3. Preliminary Results

(RQ1) Initial results indicate that users in both groups were able to better identify bugs (as
defined in the methodology) in the pre-test than in the post-test. There were more instances
of users identifying more than 80% of faulty lines in the pre-test puzzles than in the post-test
puzzles. Overall, the experimental group outperformed the control group in almost every
puzzle in the pre-test, but this result was reversed during the post-test, where the control group
outperformed the experimental group in the majority of the puzzles. This would indicate that
having access to the Main Puzzles in the system did not have a significant effect on enhancing
the debugging skills of the specified users. However, this result may be inconclusive given the
sample size of the study.

(RQ1) Additionally, initial testing resulted in a pre-test average score of 5.32 (out of 10)
for the control group, while the experimental group had a score of 5.45. The post-test average
score for the control group was 5.15, while the experimental group scored 4.66. Despite the
experimental group performing better initially, the control group scored higher in the post-test.
This aligns with findings for RQ1, which addressed bug identification performance. This
supports Miljanovic and Bradbury's (2017) finding that identifying bugs first can improve
subsequent bug-fixing ability. A Mann-Whitney U test revealed p-values of p=1.00 for pre-test
scores (U=35.5) and p=0.694 for post-test scores (U=30.5), indicating no statistically
significant impact of Pyzzles' "Main Puzzles" on assessment scores or performance.

(RQ2) Regarding RQ?2, initial testing resulted in a pre-test average confidence of 66 (out
of 100) for the control group, while the experimental group had an average score of 56. The
post-test average confidence for the control group was 72, while the experimental group had
a score of 69. A Spearman rank correlation test found no significant relationship between
confidence and the ratio of random puzzles accepted (p=.736). However, the Wilcoxon signed-
rank test (W=18.5) revealed a significant increase in self-perceived debugging confidence
(p=.05), indicating a 16.27% boost in confidence after using Pyzzles. Despite the small sample
size (n = 16), these preliminary results suggest that Pyzzles significantly improves novice
programmers' confidence. Further research with a larger sample is recommended.

(RQ3) Spearman rank correlation between post-test self-perceived debugging
confidence and post-test average score, gave me a correlation coefficient of 0.24 and a p-
value of 0.35. This suggests that at a 95% confidence level, there was no statistically
significant relationship between a user's self-perceived confidence in the post-test survey and
their average score for the post-test assessment. I'd like to note that even if the correlation
were significant, the correlation coefficient would indicate a weak relationship, which does not
present any conclusive evidence that the two variables were correlated.



4. Conclusion

The study introduces Pyzzles (Python Puzzles), a web-based application designed using
Zugzwang principles from chess to improve debugging skills. The “best debugging move” was
defined as the minimal number of lines edited to fix code. Results showed a 16.2% increase
in self-perceived debugging confidence (SPDC) among participants, df=16 p<.05. (RQ2), with
higher SPDC correlating with more exposure to Pyzzles puzzles. However, there was no
conclusive evidence that increased SPDC improved actual debugging skills (RQ1), and there
was no statistically significant relationship between a user's self-perceived confidence in the
post-test survey and their average score for the post-test assessment (RQ3). The control
group outperformed the experimental group, possibly due to the small sample size. The study
highlights the potential of Zugzwang-based methods in teaching debugging and suggests
further research with larger samples to validate these findings.
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