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Cluster Analysis of Difficulty of Blanks and Student’s
Learning Process in Fill-in-the-Blank Programming Questions

YOHEI NAKAYAMA'! TETSURO KAKESHITA™

Abstract: We are developing a programming education support tool pgtracer utilizing fill-in-the-blank questions composed of a
program and a trace table representing execution of the program. Pgtracer automatically evaluates student answers and collect
learning log of the students. In this paper, we analyze the collected log using statistical language R. Relationships are analyzed
between the right answer ratio and the required time to fill the blanks. As a result, we find that the required time and the right
answer ratio are almost uncorrelated. We also find that the number of tokens within a blank does not always affect the required
time except for a simple blank. By analyzing the log data in terms of blank and student, we find significant differences in the
time required for answering. The blanks with short required time can be answered with a simple element, while other blanks
requires understanding of multiple elements of problems such as algorithm and trace table. ~As a result of investigating concrete
answer process of the students, we find three clusters of the students: students who do not spend much time to understand the
problem, students actively and/or repeatedly working on the problem, general students whose right answer ratio is widely
distributed.

Keywords: Statistical Programming Language R, Fill-in-the-Blank Problem, Programming Education, Learning Analytics, Single
Regression Analysis, Hierarchical Clustering, t Test
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