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ABSTRACT

This study has four main objectives. The first objective is to study rolling motion in theory
and in experimentation. Initially, rolling without slipping of solid and hollow cylinders was
studied in the real situation by using technique of high-speed video analysis. We found that
center-of-mass acceleration of objects with similar shapes are the same and do not depend on
mass. A solid cylinder has smaller moment of inertia, so it rolls faster than a hollow cylinder.
Moreover, both cylinders rolled without slipping when an inclined angle was smaller than a
critical angle. The theoretical critical angles for both cylinders were close to experimental values.
From the experiment, total mechanical energy was conserved in case of rolling without slipping.
Experimental results were used to construct an interview protocol; and the videos were used as

situations for conducting an interview.

The second objective was to investigate post-instruction understanding of engineering and
science freshmen about rolling motion. Data were collected by interviewing with videos—pulling

a disk, rotation of propellers and cylinders rolling down an inclined plane. The interview protocol



was used with a pilot group consisted of 4 science freshmen. The improved interview protocol
was used with a sample group consisted of 21 engineering freshmen. From analyzing the
interviews, we found that most students did not understand roles of frictions in rolling, rotational

work, center-of-mass acceleration of different cylinders.

For the third objective, the interview results were used to design a demonstration set for
rolling motion, demonstration videos and activity worksheets, for an interactive lecture. For the
forth objective, we studied student understanding of rolling motion after teaching with the
demonstration in video format. The rolling motion videos were used to teach two sections of the
207105 course in the first academic year of 2011. One section of 46 students was assigned to be a
control group and an instructor only lectured in the topic of rolling motion. Another section of 64
students was assigned to be a treatment group and the same instructor used interactive lecture
demonstrations to teach the topic. Student understanding before and after the instruction in both
groups were compared by using a rolling motion conceptual survey, consisting of 6 multiple-
choice questions. As a result, the treatment group has a normalized change <c> = 0.89 and the
control group has a normalized change <c> = 0.26. This indicated that the treatment group

improved in their understanding of rolling motion more than the control group.



