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An assumed attribute of expert physicists is that they learn readily from
their own mistakes. Here, we discuss a case study in which 14 advanced
undergraduate physics students taking an honors-level quantum mechanics course were given the same four problems in both a midterm
and final exam. The solutions to the midterm problems were provided
to students. The performance on the final exam shows that while some
advanced students performed equally well or improved compared to
their performance on the midterm exam on the questions administered
a second time, a comparable number performed less well on the final
exam than on the midterm exam. The wide distribution of students’
performance on problems administered a second time suggests that
most advanced students do not automatically exploit their mistakes as
an opportunity for learning, and for repairing, extending, and organizing their knowledge structure. Interviews with a subset of students
revealed attitudes toward problem-solving and gave insight into their
approach to learning.

core stable results selected from educational research phenomenology,
cognitive neuroscience, and behavioral science. As a framework (as
opposed to a theory), it provides ontologies—classes of structural elements and their behaviors—rather than providing specific structures.
These ontologies permit the creation of models that bridge existing
models of knowledge and learning, such as the alternative conceptions theory and the knowledge in pieces approach, or cognitive
modeling and the socio-cultural approach. Structurally, the RF is an
associative network model with control structure and dynamic binding. As a phenomenological and descriptive framework, it does not
(yet) create mathematical models from low-level elements. This poster
outlines the RF and shows how it gives new ways of looking at traditional issues such as transfer, concepts, ontologies, and epistemology.
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9:45–10:30 p.m. Student Ideas
Regarding Entropy*

David E. Meltzer, College of Teacher Education and Leadership, Arizona State
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We have probed student ideas regarding entropy and the second law
of thermodynamics in several introductory physics courses enrolling
more than 1000 students during a three-year period. We found distinct
patterns of student thinking before instruction, including a strong
tendency to apply conservation reasoning inappropriately as well as
confusion regarding the meaning of “system” and “surroundings.”
We found little change in these patterns after instruction. However,
targeted instruction using research-based tutorials showed promise of
improving student understanding of these and related concepts.
*Supported in part by NSF PHY-0406724, PHY-0604703, and DUE-0817282
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9–9:45 p.m. Assessing the Efficacy of an
Online Interactive Tutoring System*

Chris M. Nakamura, Kansas State University, Manhattan, KS 66506; cnakamur@
phys.ksu.edu
Sytil K. Murphy, Nasser M. Juma, and Dean Zollman, Kansas State University
Mike Christel, Entertainment Technology Center, Carnegie Mellon University

The online synthetic tutoring system, in development as part of the
Pathway Active Learning Environment, has the capability to look at
the efficacy of multiple types of multimedia instructional elements
combined in parallel. The system is composed of an interactive tutoring
interface that allows students to get video responses to typed questions about physics, multimedia support materials that are linked to
the video responses through a digital multimedia library, and lessons
designed using a three-stage learning cycle to provide students with a
context in which to ask questions. Also of importance is a data logging
system that allows students’ interactions to be stored and analyzed.
Assessing the efficacy of a teaching tool, including this one, requires
systematic assessment of how the various components work together.
Here we present schemes for examining how the components of our
tutoring system interact and progress on the assessment of its efficacy.
*This work is supported in part by the National Science Foundation under grant
numbers REC-0632587 and REC-0632657.
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9:45–10:30 p.m. Resources: A Theoretical Framework for Physics Education

Edward F. Redish, University of Maryland, College Park, MD 20742-4111;
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The Resources Framework (RF) is a structure for creating phenomenological models of high-level thinking. It is based on a combination of

9–9:45 p.m. Differences in the
Evolution of Student Understanding
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A classic method in PER is to pre-test students before instruction,
teach them, then post-test afterwards to see how much they’ve
gained. However, this method cannot capture the dynamics of student learning. By testing students more frequently, we can observe
rapid learning and forgetting, as well as destructive interference
patterns; a between-students design avoids test/retest effects. We
measure learning differences for different demographics of students,
as well as differing sensitivity to question format in both traditional
and reformed classes for approximately 2000 students at The Ohio
State University and Rochester Institute of Technology.
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9:45–10:30 p.m. Innovation and
Effi ciency: How They Affect Student
Discourse?
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“Preparation for future learning” is a strand of transfer theory
that recommends that students “invent” a concept before they are
exposed to the normative knowledge about it. We investigate the
application of this theoretical framework to the introductory physics
labs. We focus on the changes in student writing about a scientific
concept before they were exposed to the normative physics discourse
about it and after such exposure. Specifically, we compared the
reports that students wrote after a lab where they explored thermal
conductivity without any theoretical knowledge of it (writing outside
of normative discourse), and their written responses to the questions
related to thermal conductivity after they read the text explaining
the concept and connecting it to the flow of water and the flow of
electric charge (writing in normative discourse). We developed a
coding scheme and used it to score written work of 18 students
participating in the study.
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9–9:45 p.m. A Tutorial-Type Activity To
Overcome Difficulties in Understanding
Graphics in Kinematics

Santa Tejeda, Tecnologico de Monterrey, Eugenio Garza Sada # 2501, Monterrey, NL Mexico 64830; santa.tejeda@itesm.mx
Hugo Alarcon, Tecnologico de Monterrey

Understanding graphics in kinematics is one of the basic skills
expected from engineering and science students. However, after
administering the Test of Understanding Graphs in Kinematics
(TUG-K), it is found that students have many misconceptions and
learning difficulties.1 To overcome some of these difficulties, we created a tutorial-type activity that was designed with the inspiration of
the Tutorials in Introductory Physics.2 In this work,
we show the results obtained after the
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