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Eighth Graders’ Visual Behavior Characteristics When
Reading Mathematical Geometry Proof Problems

Pei-Hsuan Fu! Po-Fen Hsu? Meng-Jung Tsai 2

! Taipei Municipal Ren Ai Junior High School
2 Program of Learning Sciences, National Taiwan Normal University

This study aims to track the reading process of eighth-grade students when reading mathematical geometry
proof problems using eye-tracking technology and to explore the visual behavior characteristics associated
with different learning outcomes. Using an eye-tracking experimental research method, this study selected
17 subjects from 90 Taiwanese eighth-graders based on their mathematics midterm exam scores. These
students had a basic knowledge of geometric symbols but had not yet studied geometric proofs. They
participated in an eye-tracking experiment while reading geometry-proof materials. During the experiment,
participants were asked to read learning materials on triangle congruence properties (SSS, ASA, SAS). Each
congruence property consisted of three pages: a concept explanation page, a basic example page, and an
advanced example page. Each page contained three information zones: Main Idea Zone, Explanation Zone,
and Diagram Zone. Based on a data-driven approach, this study divided the subjects into high and low
learning outcome groups based on post-test scores. The study then compared all eye-tracking metrics among
different information zones across different material pages. Additionally, for each group, Lag Sequential
Analysis (LSA) was applied to identify visual behavior characteristics of students' reading processes. The
results revealed that, on the concept explanation page’s Diagram Zone, the high-performance group
exhibited significantly longer total reading time, total fixation duration, average fixation duration, percent
of reading time, percent of fixation count, secondary passing time, and revisited fixation duration,
suggesting that students with higher learning outcomes invested more effort in processing graphical
information when comprehending the concepts. On the simple example page’s Explanation Zone, high-
performance students showed a significantly shorter average fixation duration, indicating that they
perceived it easier than the low-performance group to understand the textual explanations of simple
examples. On the other hand, LSA results surprisingly indicated that high-performance students exhibited
no significant attentional shifts among different information zones. In contrast, low-performance students
displayed frequent back-and-forth inter-scanning between the Main Idea Zone and blank spaces on both the
concept explanation and difficult example pages, suggesting difficulty in understanding the core information.
Moreover, low-performance students shifted their attention from the Explanation Zone to the Diagram Zone
on the concept explanation page, indicating a greater reliance on visual aids to comprehend textual
explanations. Through the learning analytics of eye-tracking data, this study identified the visual behavior
characteristics of attentional distributions and attentional shifts for students with different learning outcomes,
especially for students with learning difficulties, in reading mathematical geometry proof materials. The
findings of this study may contribute to the future development of personalized digital learning platforms
to improve students’ mathematics learning.

Keyword: Geometric proof, eye tracking, learning process, visual behavior characteristics
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