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DF01:
8:30-8:40 a.m. Do Students Read the Text? Analyzing
	Interactions with Online E-texts
Contributed – Daniel T. Seaton, Massachusetts Institute of Technology, Cambridge, MA 02139; dseaton@mit.edu
Yoav Bergner, Gerd Kortemeyer, Saif Rayyan, David E. Pritchard, Massachusetts Institute of Technology

DF02:

8:40-8:50 a.m. Item Response Theory and Collaborative Filtering: Is Your Course Unidimensional?

Contributed – Yoav Bergner, Massachusetts Institute of Technology, Cambridge, MA 02139; bergner@mit.edu
Stefan Droschler, Ostfalia & MIT
Daniel Seaton, David E. Pritchard, Massachusetts Institute Technology
Gerd Kortemeyer, Michigan State University

Online homework is a natural way to assess what students know, but the
questions themselves may not always fit the bill. Items may be flawed, too
hard or too easy, or they may measure abilities that are different from the
intended ones. Item response models not only measure student abilities
independently of which subset of questions they answer, but these models
also detect flaws in the questions. We demonstrate how collaborative
filtering (used by Netflix to predict which movies you might like) can be
used to analyze student response data, motivating and extending a class of
item response models. Analysis shows that chemistry homework assigned
using LON-CAPA at MSU has two-dimensional skill and discrimination,
whereas the Mechanics Baseline Test at MIT is unidimensional.

DF03:
8:50-9 a.m. Research on Students’ Interdisciplinary
	Reasoning About ATP*
Contributed – Benjamin W. Dreyfus, University of Maryland, College Park,
MD 20742-4111; dreyfus@umd.edu
Benjamin D. Geller, Vashti Sawtelle, Chandra Turpen, Edward F. Redish,
University of Maryland

Students’ sometimes contradictory ideas about ATP (adenosine triphosphate) and the nature of chemical bonds have been studied in the biology
and chemistry education literature, but these topics are rarely part of the
introductory physics curriculum. We present qualitative data from an
introductory physics course for undergraduate biology majors that seeks
to build greater interdisciplinary coherence and therefore includes these
topics. In these data, students grapple with the apparent contradiction
between the energy released when the phosphate bond in ATP is broken
and the idea that an energy input is required to break a bond. We see that
students’ perceptions of how each scientific discipline bounds the system
of interest can influence how they justify their reasoning about a topic that
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*Supported by the NSF Graduate Research Fellowship (DGE 0750616), NSF-TUES
DUE 11-22818, and the HHMI NEXUS grant.

DF04:
9-9:10 a.m. Research on Students’ Reasoning About 		
	Interdisciplinarity*
Contributed – Benjamin Geller, University of Maryland, College Park, MD
20742; geller@umd.edu
Benjamin W. Dreyfus, Vashti Sawtelle, Chandra Turpen, Edward F. Redish,
University of Maryland, College Park

We present qualitative data of undergraduates describing the relationship
between scientific disciplines. Rather than viewing biology, chemistry,
and physics as existing in disconnected silos, these students often describe
the relationships in a hierarchical or horizontal fashion. The hierarchical arrangements order the disciplines by degree of system complexity, or
by the scale used to examine a particular system. For example, a student
might view the full description of folded proteins at the top (biology),
chemical reactions involving proteins’ functions as chemistry, and motion
of the protein’s individual atoms as foundational (physics). Other students
describe a horizontal view of disciplinary boundaries, without a foundational bottom but maintaining overlapping realms of interest. Others want
physics embedded in a context that positions its relationship to biology
via analogy. We examine evidence that students’ conceptions are unstable
and context-dependent, and suspect that these conceptions are related to
course messaging in a bidirectional manner.
*Supported by the NSF Graduate Research Fellowship (DGE 0750616), NSF-TUES
DUE 11-22818, and the HHMI NEXUS grant.

DF05:

9:10-9:20 a.m.
Physics

Students’ Ideas in Upper-Level Thermal

Contributed – David E. Meltzer, Arizona State University, Mary Lou Fulton
Teachers College, Mesa, AZ 85212; david.meltzer@asu.edu

Repeated investigations have confirmed some consistent difficulties
among students in upper-level thermal physics courses. These difficulties include confusion regarding the state-function property of entropy,
misinterpretations of the meaning of equilibrium in the context of available
microstates, misunderstandings of free-expansion processes, and lack of
clarity regarding ideal (“Carnot”) efficiency of heat engines. I will discuss
these difficulties and related student ideas in the context of development of
research-based instructional materials.
*Partially supported by NSF grant DUE-0817282.

DF06:

9:20-9:30 a.m. Student Difficulties Coping with
Conflicting Ideas in Statistical Mechanics*

Contributed – Trevor I. Smith, Dickinson College, Carlisle, PA 17013;
smithtre@dickinson.edu
John R. Thompson, Donald B. Mountcastle, University of Maine

In statistical mechanics there are two quantities that directly relate to the
probability that a system at a temperature fixed by a thermal reservoir has a
particular energy. The density of states function is related to the multiplicity of the system and indicates that occupation probability increases with
energy. The Boltzmann factor is related to the multiplicity of the reservoir
and indicates that occupation probability decreases with energy. This seems
contradictory until one remembers that a complete probability distribution
is determined by the total multiplicity of the system and its surroundings,
requiring the product of these two functions. We present evidence from
individual and group interviews that students knew how each of these
functions relates to multiplicity but did not recognize the need to combine
the two to characterize the physical scenario.
*Partially supported by NSF grant DUE-0817282.

DF07:

9:30-9:40 a.m. Comparing Student Conceptual Understanding of Thermodynamics in Physics and Engineering*

Contributed – Jessica W. Clark, University of Maine, Orono, ME 04469;
jessica.w.clark@maine.edu
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We analyze logged data of student interactions with supplemental e-texts
in introductory physics courses at Michigan State University via LONCAPA. The e-text contains standard text and some interactive content such
as videos and simulations. Metrics include what fraction of students access
the e-text, at what time with respect to academic deadlines, and for how
long. Preliminary results show moderate usage peaks for each weekly assignment that decline to near-zero over the early part of the semester, with
large constant peaks of activity in the approximately two days prior to all
examinations. We find that only a small minority of the students access the
majority of the e-text; however we cannot measure reading of an assigned
written textbook. We plan to investigate the e-text study habits of successful students at MSU, MIT, and in our free online physics course (http://
relate.mit.edu/physicscourse/).

crosses disciplines. Building interdisciplinary coherence requires attending
to these interdisciplinary issues, as part of both curriculum design and
education research.

