Many students tend to provide intuitively appealing (but incorrect) responses to some physics questions despite demonstrating (on similar questions) the formal
knowledge necessary to reason correctly. While these inconsistencies are typically persistent even in active learning environments, we believe that adding a group
component to the exam may engage students sufficiently to resolve these instances of inconsistent reasoning. In our study, students were given opportunities to
revisit their answers to questions known to elicit strong intuitively appealing (but incorrect) responses in a collaborative group component of an exam immediately following a traditional individual component. Students discussed their responses with group members but were required to submit their own answers and
reasoning. In this presentation, we will examine the effectiveness of a collaborative group exam approach in addressing and resolving inconsistencies in student
reasoning and will compare the effectiveness of this approach to a more traditional peer instruction technique.
*This material is based upon work supported by the National Science Foundation under Grants Nos. DUE-1821390, DUE-1821123, DUE-1821400, DUE-1821511, DUE-1821561,
DUE-1431940, DUE-1431541, DUE-1431857, DUE-1432052, and DUE-1432765.

PAR-D.07: 2:30-3:30 p.m. Instructional Pragmatism: Using a Variety of Evidence-based Approaches Flexibly to Improve Student Learning
Contributed – Paul D. Justice, University of Cincinnati, Cincinnati, OH 45202-6844
Emily Marshman, Chandralekha Singh, University of Pittsburgh

Instructional pragmatism is essential for successfully adopting and adapting evidence-based active engagement (EBAE) approaches in that instructors should
view improving teaching and learning as a process and not get disheartened if a particular EBAE approach does not produce the desired outcome. Instructional
pragmatism entails keeping a variety of EBAE methods in one’s instructional toolbox and using them flexibly as needed to improve student learning and continuously refining and tweaking one’s implementation of the EBAE approaches to make them effective. Here we illustrate an example of instructional pragmatism in
which a quantum mechanics instructor did not give up when an EBAE method involving implementation of a sequence of clicker questions on addition of angular
momentum did not yield expected learning outcomes even though it was found effective earlier. Instead, the instructor remained optimistic, viewing improving
teaching and learning as a process, and pulled out another EBAE method from his tool box that did not require him to spend more time on this topic in class. In
particular, the instructor created an opportunity for students to productively struggle with the same problems they had not performed well on by incentivizing them
to correct their mistakes out of class. Student performance on one of the addition of angular momentum problems posed on the final exam suggests that students
who corrected their mistakes benefited from the task and learned about addition of angular momentum better than those who did not correct their mistakes.
Encouraging and supporting physics instructors to embrace instructional pragmatism can go a long way in helping students learn physics because it is likely to
increase their persistence in using various EBAE approaches flexibly as they refine and tweak their implementation for their students. We thank the National Science Foundation for support.

Contributed – Alexandru Maries, University of Cincinnati, Cincinnati, OH 45220
Kathleen Koenig, Joe Ross, University of Cincinnati
Robert Teese, Michelle Chabot, Rochester Institute of Technology

Interactive video-enhanced tutorials (IVETs) involve web-based activities which lead students through a solution using expert-like problem-solving approaches,
such as those needed for solving problems using Newton’s Second Law. The IVETs, which are based in part on the tutorials created at the University of Pittsburgh, are designed using multimedia principles of learning and research on human learning and memory. The tutorials are adaptive and provide different levels
of scaffolding depending on students’ needs. They are also affect-adaptive, such that additional guidance is provided to students who indicate they are confused,
frustrated, or bored while completing the IVET. This presentation will showcase one of the IVETs and its various design features.
*Work supported by the NSF IUSE Program (DUE #1821396)
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Alexandru Maries University of Cincinnati
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Michelle Chabot Rochester Institute of Technology

Interactive video-enhanced tutorials (IVETs) involve web-based activities which lead students through a solution using expert-like problem-solving approaches,
such as those needed for solving problems involving conservation of energy or linear momentum. Under NSF funding we have been developing and evaluating
multiple IVETs for use with college students in introductory physics. This presentation will showcase our research methods and the impact of various IVETs on
student problem-solving abilities.
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PAR-D.07: 2:30-3:30 p.m. Interactive Video-Enhanced Tutorials: Design to Support Effective Problem-Solving Strategies*

*Work supported by the NSF IUSE Program (DUE #1821396)

PAR-D.07: 2:30-3:30 p.m. Investigating Causal Inference in Physics to Understand Student Difficulties
Contributed – Eric Kuo, University of Illinois at Urbana-Champaign, Champaign, IL 61801
Benjamin M Rottman, Timothy J. Nokes-Malach, University of Pittsburgh

Valid causal inferences are key to answering many qualitative physics questions. However, while causal reasoning is a well-studied topic in psychology and cognitive science, it is not clear if or how causal reasoning impacts learning and performance in physics education. We hypothesize that uncovering the causal dimensions of physics reasoning can help unify our understanding of student difficulties across different physics topics. We used Bayesian causal networks to design
a set of causal questions for simple physical systems that spans the range of possible causal inferences: forward inference using causes to reason about effects,
backward inference using effects to reason about causes, and inferring the state of one cause from another cause. We will present data on response patterns for
these causal questions and discuss how Bayesian causal networks may be a generative framework for understanding documented student difficulties and informing
new instructional approaches in physics education.

PAR-D.07: 2:30-3:30 p.m. Measuring and Predicting the Mathematical Preparedness of Introductory Physics Students*
Contributed – Dakota H. King, Mesa, AZ 85203
David E. Meltzer, Arizona State University

Instructors who teach introductory physics courses may be working with the assumption that their students are fluent with middle-school- and high-school-level
mathematics. As reasonable as this assumption may seem, our data, which includes over 5,000 hand-written mathematics diagnostics administered at three large
state universities, has consistently shown that students struggle with basic mathematics (graphing, trigonometry, geometry, and algebra) to a significant degree.
From our large and campus-diverse samples, we have found remarkable consistency between populations and have noticed interesting trends. For example, we
have found specific items that seem to predict overall diagnostic performance with impressive accuracy, independent of campus and course. Here, we focus on
an in-depth analysis of these predictive items while elaborating on our interpretation of the results. We will also briefly discuss our plans and ideas to address this
deep-rooted issue.
*Supported in part by NSF DUE #1504986 and #1914712
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