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8:30-8:40 a.m. Characterizing Student Understanding
of Units and Dimensional Analysis

Contributed – Abigail M. Bogdan, Seton Hill University, 1 Seton Hill Dr.,
Greensburg, PA 15601; abogdan@setonhill.edu
Nathaniel R. Amos The Ohio State University

The ability to work with and understand units is a fundamental skill in
the sciences and engineering. At the college level, it is often a skill that is
assumed both by students and professors; however, it is also a skill that
students struggle to master. The goal of this study was to identify and
categorize the roadblocks that students commonly face when working with dimensional analysis. The study was conducted with students
enrolled in an introductory, calculus-based physics course at a large
research university in the United States. Over 300 students were given
a sequence of questions on dimensional analysis, and a subset of these
students were interviewed about their responses. We analyzed student
responses, categorizing common errors and solution strategies. This
initial study suggests that students treat dimensional analysis as a mere
algebraic exercise, rarely invoking basic concepts such as the idea that
only like units can be added.
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8:40-8:50 a.m. Developing a General Strategy for
Selecting Coordinate Systems in Mechanics

AK04:

9-9:10 a.m. Nature of Students’ Mathematical
Difficulties and of Potentially Productive Remedies*

Contributed – David E. Meltzer, Arizona State University, 7271 E. Sonoran
Arroyo Mall, Mesa, AZ 85212; david.meltzer@asu.edu
Matthew I. Jones, Arizona State University

We report on our continuing investigation of mathematical difficulties
encountered by introductory physics students, and on our preliminary
attempts to address these difficulties. We have previously documented
high error rates on problems involving basic trigonometry, vector
addition, and algebra, among students in both algebra-based and
calculus-based introductory physics courses. We traced the difficulties
to a combination of carelessness, insufficient practice, and conceptual
misunderstandings. Through additional one-on-one interviews with
students and continued analysis of students’ responses on written diagnostics, we have attempted to clarify the relative contributions of these
different factors, and to explore in more detail the nature of the careless
errors and conceptual misunderstandings. Based in part on this work,
we have begun development of instructional materials to help guide
improved problem-solving performance. We will report on the current
status of these various efforts.
*Supported in part by NSF DUE #1504986
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9:10-9:20 a.m. Synthesis Problems: Role of Mathematical Complexity on Student Mathematical
Performance

Contributed – Thanh K. Le, University of Maine, 5709 Bennett Hall, Orono,
ME 04469; thanh.le@maine.edu

Contributed – Bashirah Ibrahim, The Ohio State University, 231 Arps Hall,
1945 N. High Street, School of Teaching and Learning, Columbus, OH
43210-1172; bashirah2001@gmail.com

Jonathan T. Shemwell, MacKenzie R. Stetzer, University of Maine

Lin Ding, The Ohio State University, School of Teaching and Learning

When solving mechanics problems, students often need to choose a coordinate system to analyze free-body diagrams and apply Newton’s laws.
Strategic rotation of the coordinate system can minimize the amount of
mathematics required to solve for unknown forces. However, introductory physics students are usually not explicitly taught when and how to
strategically rotate a coordinate system. Moreover, if they are introduced
to a strategy, it is often just mentioned in passing. Thus, they may not
understand why rotation can simplify the mathematics. As a result,
students may develop a strategy based on the surface features of the
problem (e.g., rotating coordinate systems for problems with inclined
planes regardless of the forces involved). In this study, college students
enrolled in a mechanics course completed an activity using contrasting
cases to develop a general strategy for rotating coordinate systems for
problems involving static situations. Preliminary data and emerging
findings will be presented.

Andrew F. Heckler, Ryan Badeau, The Ohio State University, Department
of Physics
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8:50-9 a.m. Student Use of Metacognitive Gimmicks in
Class and Lab

Contributed – Gary D. White, The George Washington Univ., 725 21st St,
NW, Corcoran 104F, Washington , DC 20052; United States gwhite@gwu.
edu

We examined the effects of mathematical complexity on students’
mathematical performance in solving synthesis physics problems. Here,
mathematical complexity is operationally determined by the type of
equations and the number of unknowns involved therein. Two types of
synthesis problems, namely sequential and simultaneous, were investigated; each requiring either a consecutive or a concurrent application of
multiple concepts. For the analysis, we focused on the following three
levels (1) formulation of equations, (2) combination of equations, and
(3) simplification of equations to obtain the final variable of interest.
Results showed that in sequential synthesis problems, mathematical complexity negatively affected student performance on aspect (3).
However, in simultaneous synthesis problems, mathematical complexity
negatively affected student performance on all the three aspects. A possible explanation is that the type of synthesis problems may influence
the ways students interpret the situations described in the problems,
which in turn can influence their mathematical performance.
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9:20-9:30 a.m. Thinking Through the Model

Tiffany-Rose Sikorski, Justin Landay, The George Washington Univ.

Contributed – D. G. Sumith P. Doluweera, Georgia State University, Room
435A, 1 Park Place, Atlanta, GA 30303; ddoluweera@gsu.edu

It has been documented that it is difficult to get even upper-level
undergraduates to indulge in certain metacognitive behaviors (see
“Upper-division Student Understanding of Coulomb’s Law: Difficulties
with Continuous Charge Distributions”, by Bethany R. Wilcox, et al.,
for example). We have attempted to address this in part by separating
the metacognitive bits from other problem solving barriers for students
taking a junior level E&M class and an intermediate lab course. These
students are regularly encouraged to check solutions to typical physics
problems in the “usual three ways”, namely: (1) checking that the units

Solving physics problems requires thinking through related models.
This is not an easy task for a novice physics student. We typically teach
students to think through models by discussing examples and doing
problems in the class with students. This particular study is focused on
Applications of Newton’s laws and investigates if students correctly think
through Newton’s laws when they solve a related problem. Students’
thinking is probed by giving a questionnaire before they begin solving
a given problem. Answers to the questionnaire are analyzed, compare
with problem solutions, and results are presented.
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are appropriate, (2) discerning whether limiting cases match physical
intuition, and (3) determining whether numerical values are consistent
with benchmark values. We find that at least half of our students eventually engage in these metacognitive “gimmicks” over the course of the
semester, even when not specifically prompted, and many continue to
use them in subsequent classes.
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