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Abstract

Based on the expert-novice paradigm, using eye-movement technology supplemented by
interviews, this study investigated the cognitive processes of solving well-structured problems on
the topic of celestial motion. By comparing the differences between high- and low-performing
students’ cognitive characteristics, it was hoped that this study could provide evidence-based
contributions. Thirty-eight university students who were taking non-earth-science majors but who
had taken introductory earth science lessons in high school were recruited. They were asked to
answer eight multiple-choice questions which were selected from the entrance examination for
high schools and colleges in Taiwan. The results showed that: (1) Although the high-performing
students tended to think forward (making more mental efforts in the stem to determine how to
represent a problem, and paying much attention to the only correct answer), they flexibly used
the means-ends analysis to reduce cognitive overload to answer questions more efficiently. (2)
Top-down effects were the dominant information processing, while high-performing students
were solving well-structured problems. Top-down effects referred to using acquired knowledge
to identify and decode the key areas providing critical information and activated the necessary
domain-specific knowledge. Therefore, the students’ achievements were mostly determined by
the richness and quality of the domain-specific knowledge stored in students’ long-term memory
rather than their general abilities. (3) While solving the problems, students spent a much greater
percentage of time reading the text than looking at the graphics. The high-performing students
spent a greater percentage of time processing information and expended more mental efforts on
the critical areas of the graphics than the critical areas of the text. This revealed that decoding
semantic information of scientific visual representations was the most difficult for students. Both
the theoretical and practical implications of the findings are discussed.

Key words: Astronomy Education, Information-Processing Theory, Expert-Novice Paradigm,
Eye-Movement Analysis, Well-Structured Problems
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