GC PER: Student Content Understanding, Problem-Solving and Reasoning
Sponsor: AAPT

GC01:

12:30-12:40 p.m.

Time: 12:30–2:20 p.m.

Date: Tuesday, Jan. 21

Location: Grand Sierra H

Presider: TBA

Developing a Strategy to Address Physics Students’ Mathematical Difficulties*

Contributed – David E. Meltzer, Arizona State University College of Integrative Sciences and Arts Mesa, AZ 85212
Dakota H. King, Arizona State University

We report preliminary plans to address mathematical difficulties revealed in our four-year investigation of students in introductory physics courses. We have administered over 5000 written diagnostic tests in algebra- and calculus-based physics courses, and carried out many individual problem-solving interviews. We have previously reported that difficulties with basic mathematical operations are widespread, and that performance on problems using symbols for constants is consistently and
significantly worse than on problems using numbers. In collaboration with Ohio State University, we are working to develop and test an online instructional tool that will
provide opportunities for regular, targeted practice to address these difficulties. We have refined our diagnostic tool to explore the distinction between specific operational difficulties on the one hand, and difficulties arising from context complexity on the other. We will report our most recent findings and describe how they inform
our initial instructional strategies.
*Supported in part by NSF DUE #1504986 and #1914712

GC02:

12:40-12:50 p.m.

Physics Students’ Mathematical Difficulties with Operations and Algebra*

Contributed – Dakota H. King, Arizona State University 1519 East Hale Street Mesa, AZ 85203
David E. Meltzer, Arizona State University

As part of an investigation into students’ mathematical difficulties, over 5000 written diagnostics have been administered to both algebra- and calculus-based introductory physics courses at Arizona State University over the past four years. We continue to observe that many of these students have significant difficulties with basic
symbolic algebra problems (“symbolic” refers to the nature of the constant coefficients). Such problems require mathematical skill that is essential to solving many
problems encountered in introductory physics. New to our most recent versions of the diagnostic are questions that test students’ operational skills necessary for solving
multi-step algebra problems; for example, fraction multiplication and division. In addition, our newest version of the diagnostic has been administered at another large
state university. We will report an overview of our most-recent findings with comparisons to the other university, and provide data on our detailed analysis of the algebra
and operation problems.
*Supported in part by NSF DUE #1504986 and #1914712

GC03:

12:50-1 p.m.

Practice with Dysfunctional Avatar-student Groups in a Mixed-reality Classroom Simulator

Contributed – Constance M. Doty, University of Central Florida, Department of Physics 4111 Libra Drive Orlando, FL 32816
Ashley A. Geraets, Tong Wan, Erin K. H. Saitta, Jacquelyn J. Chini, University of Central Florida, Department of Physics

Undergraduate active-learning STEM recitation and laboratory courses often adopt curricula that encourage or require students to work in small groups. However, not
all student groups function as intended by the curricula or course designer and group management is a complex pedagogical skill. In this study, STEM graduate teaching
assistants (GTAs) participated in four practice teaching sessions in a mixed-reality classroom simulator. During one of the practice teaching sessions, GTAs practiced
group management skills with the goal of ensuring each avatar-student was contributing their ideas and disagreements were being addressed by the avatar-student group.
The simulated classroom featured two avatar-student groups with varied student difficulties and group management related challenges. The GTAs interacted with the
two groups for two seven-minute sessions, with a break for reflection and feedback. Here, we discuss the strategies a few GTAs used to support the avatar-student groups
before and after receiving feedback from facilitators.

GC04:

1-1:10 p.m.

Building on Student Resources for Understanding Mechanical Wave Propagation: Examples from Classroom Video

Contributed – Lauren C. Bauman, Quest University 3200 University Blvd. Squamish, BC V8B 0N8 Canada
Lisa M. Goodhew, Paula R. Heron, University of Washington
Amy D. Robertson, Seattle Pacific University.
Rachel E. Scherr, University of Washington Bothell

GC05:

1:10-1:20 p.m.

Investigating Student Reasoning in Theory Evidence Coordination*

Contributed – Krista E. Wood, University of Cincinnati 9955 Plainfield Rd. Cincinnati, OH 45236
Kathleen M. Koenig, University of Cincinnati
Lei Bao, The Ohio State University

Scientific thinking involves making connections between claims, evidence, and reasoning. Often students struggle making valid claims, supporting claims with evidence,
and explaining their reasoning. In a preliminary study, we investigated the reasoning processes students engaged in when given both a hypothetical physics-based and
non-physics based task. In our data analysis, we specifically looked for how students developed self-generated theories, any differences in how claims were made based
on the context of the physics versus non-physics task, and to what extent students were able to support their claim with evidence. We will present the results on how
students evaluate evidence, what reasoning flaws occurred when connecting claims with evidence, and provide a finer grain analysis of the student reasoning process.
*Partially supported by NSF DUE 1431908

GC06:

1:20-1:30 p.m.

Modelling via Experiment

Contributed – Ian Bearden, Blegdamsvej 17 Copenhagen

Labs are often thought of as an opportunity for students to reinforce the knowledge they are expected to have learned in lectures. While there is little evidence that this
actually happens, there are a number of other educational opportunities provided by experimental activities. Among these is the opportunity to use student developed apparatus for simple experimental tests to probe their understanding of the physics they are trying to test. In particular, such discussions quickly unmask student difficulties
modelling simple physical systems. This talk will focus on one activity focused on students’ testing the dependence of a pendulum’s period on various testable factors.

GC07:

1:30-1:40 p.m.

Opinions of Working in a Group: Positive and Nuanced

Contributed – Miranda Straub, Winona State University 315 W. Mill St Winona, MN 55987

I will present on the results of a survey sent to post-secondary physics instructors in Minnesota regarding their beliefs about group work. Group work here was set in
the context of working on homework outside of class or obligation. The survey respondents were overwhelmingly positive (88%) about the benefits of working in a
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Resource theory depicts resources as dynamic, context-dependent “pieces of knowledge” and learning as building from students’ resources. In line with resource theory,
we developed research-based instructional materials meant to elicit and build on common conceptual resources for mechanical wave propagation. In this talk, we will
investigate the following questions: What does building on students’ resources look like? What contextual and interactional features support students in this process? To
answer these questions, we will look at an example from classroom video, where students are building on and working with their conceptual resources for understanding
mechanical wave propagation.

