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ABSTRACT

ARTIFACT-BASED REFLECTIVE INTERVIEWS FOR IDENTIFYING
PRAGMATIC EPISTEMOLOGICAL RESOURCES
by
Christopher Walden Shubert
University of New Hampshire, December, 2011

Physics Education Research studies the science of teaching and learning physics.
The process of student learning is complex, and the factors that affect it are numerous.
Describing students’ understanding of physics knowledge and reasoning is the basis for
much productive research; however, such research fails to account for certain types of
student learning difficulties. In this dissertation, I explore one source of student

difficulty: personal epistemology, students’ ideas about knowledge and knowing.

Epistemology traditionally answers three questions: What is knowledge? How is
knowledge created? And, how do we know what we know? An individual’s responses to
these questions can affect learning in terms of how they approach tasks involving the
construction and application of knowledge. The key issue addressed in this dissertation is
the effect of methodological choices on the validity and reliability of claims concerning
personal epistemology. My central concern is contextual validity, how what is said about
one’s epistemology is not identical to how one behaves epistemologically. In response to

these issues, I present here a new methodology for research on student epistemology:

X



video artifact-based reflective interview protocols. These protocols begin with video
taping students in their natural classroom activities, and then asking the participants
epistemological questions immediately after watching selected scenes from their activity,

contextually anchoring them in their actual learning experience.

The data from these interviews is viewed in the framework of Epistemological
Resource Theory, a framework of small bits of knowledge whose coordination in a given
context is used to describe personal epistemology. I claim that the privileged data from
these interviews allows detailed epistemological resources to be identified, and that these
resources can provide greater insight into how student epistemologies are applied in

learning activities.

This research, situated within an algebra-based physics for life scientists course
reform project, focuses on student work in Modeling Informed Instruction (MII)
laboratory activities, which are an adaptation of Modeliné Instruction. The development
of these activities is based on the epistemological foundations of Modeling Instruction,
and these foundations are used to describe a potential assessment for the epistemological

effectiveness of a curriculum.



INTRODUCTION

What is Physics Education Research?

To put it concisely, Physics Education Research (PER) is the scientific study of
the teaching and learning of physics. As a strongly interdisciplinary research field, PER
concerns itself with the broad spectrum of all that may or may not affect learning physics,
and seeks to understand this spectrum through scientific investigations ranging from
functional Magnetic Resonance Imaging (fMRI) of blood flow in the brain (Dunbar,
2009) to qualitative studies of the social dynamics of learning communities (Brewe,
Kramer, & O'Brien, 2009; Otero, 2004), and everything in between. Historically, PER
began in the classroom, focusing on identifying student difficulties with particular
content, and devising curricula to help students overcome these difficulties effectively
(McDermott & Shaffer, 1992; Schaffer & McDermott, 1992). As the field grew, it
broadened beyond this phenomenological approach, and engaged with the literature on
cognition. The majority of the work done in PER today integrates cognitive theory with
improving student learning, going so far as to look into how one’s theoretical perspective
affects the resulting classroom reform (Scherr, 2007). Through the myriad studies PER
undertakes, it has developed and adapted theories of learning that support a vast spectrum
of inquiry, while attempting to maintain a connection to improving the learning of
physics inside and outside of the traditional classroom (Mayhew & Finkelstein, 2009;

Bartley, Mayhew, & Finkelstein, 2009).

At the tiniest end of the spectrum, where PER primarily utilizes results from other



fields, there are neurobiological theories that describe the coordination and activation of
neurons in the brain (Fuster, 1999). These theories help shape our ideas about cognition,
which leads to cognitive theories that concern themselves with the content that is taught
in physics courses and how it is learned (Posner, Strike, Hewson, & Gertzog, 1982;
diSessa, 1993; Hestenes, Wells, & Swackhamer, 1992). When cognitive models showed
themselves to be missing parts of the picture, metacognitive theories that discuss the
learning skills subjects may or may not utilize in their efforts to learn were added to the
mix (Kung & Linder, 2007). Epistemological theories that describe ideas about
knowledge itself, that students maintain in general and in domain-specific areas delve
even deeper beyond the traditional content of physics courses (Hofer & Pintrich, 2002).
There are behavioral theories that explain the interactions of learners and their
environment, giving insight into the role classroom culture plays in learning (Otero,
2004). There are curriculum development theories that guide our development of
reformed materials based on our findings (McDermott & Shaffer, 1992; Schaffer &
McDermott, 1992). There are even theories about theories, or theoretical frameworks
(Redish, 2003), whose objective it is to help us keep track of all the different ways we
model learning and how they relate to each other so that we can ultimately apply our
collective understanding towards our fundamental goal: to improve the teaching and

learning of the science of physics.

In this dissertation I will attempt to guide us on a journey through an instruction
reform project that illuminates a scientific approach to understanding a single aspect of
learning physics out of the vast landscape touched upon above. The project has two

major stages, the first of which involves re-writing the lab sequence for an algebra-based



introductory physics course for life science students by adapting a successful pedagogy
already developed and deployed by the PER community, Modeling Instruction. The
second stage is the design and application of a qualitative methodology to investigate
how students engage with these reformed lab activities, specifically how their actions in
the laboratory reflect their ideas about scientific knowledge and the role these activities
play in learning science. This journey involves significant curriculum and instruction
development, theoretical analysis and discrimination, methodological progression, and

illustrative data analysis and interpretation.



CHAPTER1

ANATOMY OF THIS RESEARCH

In this chapter I will outline the entirety of my dissertation research project. Each

of the core ideas presented in this chapter will be expanded on in subsequent chapters.

PHYS 401/402: Introduction to Physics Course Reform Project

The Course

This research is set within the context of a NSF funded course reform project
which targets PHYS 401/402: Introduction to Physics, the College of Life Sciences and
Agriculture (COLSA) service course (a required course for most COLSA majors), at the
University of New Hampshire (UNH). This course is both the only Introductory Physics
for the Life Sciences (IPLS) and the only algebra-based introductory physics course
offering at UNH. The overarching course reform is motivated by the dual needs of the
PHYS 401/402 student population, physics that is relevant to careers and further
education in the life sciences as well as physics that is mathematically supported at the

algebra level.

Physics 401/402 is taught in a consecutive Fall and Spring term at UNH with an
enrollment of approximately 300 students. As mentioned above, 85% of these students
are registered in COLSA. The students have a varied physics background, with 25%
having taken no prior physics, 20% having had conceptual physics, and the majority of

the remaining having taken college prep physics. Their experience in mathematics is



slightly more uniform, with 95% having algebra preparation, 65% having taken
trigonometry, and over 75% having had some experience with calculus. In terms of class
standing, there are nearly no first-year students, with about two-thirds being upper
classmen, and the remaining third being sophomores. Finally, nearly 85% of the students

in this course report that it is a requirement for their major.

The course is made up of two lecture sections which each meet for fifty minutes,
three times per week. The course is also made up of twelve lab sections, which meet
once per week for an hour and fifty minutes, with students coming from both lecture
sections (except for the lab sections that have scheduling conflicts with a lecture section).
The course schedule does not include recitations, as many introductory physics courses
do, for targeted problem solving work. Two efforts are made to fill this gap: the first is
the addition of a “group work™ component to the course, and the second is the conversion
of several weeks of lab into group problem solving sessions. The “group work”
component of the course is a weekly undertaking throughout the semester with three
options: increased individual problem solving homework, which is essentially more
problem solving practice with no explicit support structure; self-organized study groups,
which are small groups that work together throughout the semester and check in with the
professor at regular intervals; and Peer Led Team Learning (PLTL), where students work
in small groups on problems with a successful PHYS 401/402 student from a previous
year as their coach (Gosser, Cracolice, Kampmeier, & Roth, 2001). The converted
laboratory sessions are run with the same Teaching Assistants as the regular lab sections

and students work on problems in their regular lab groups.



Three Emphases of Reform

The project to reform PHYS 401/402 at UNH has three major emphases to it:
embedded biologically relevant material and applications, to motivate and improve
student engagement; consistent and rigorous treatment of the mathematics used,
specifically focusing on the meaning of mathematical relationships; and explicit attention
to scientific epistemology, how students view and approach scientific knowledge
developed in an academic setting. To address these three emphases, we chose to adapt
Modeling Instruction to our course context. The adaptation focuses on the fundamental
structure of the Modeling Cycle, a process for developing and deploying scientific
models, while working within our institutional constraints (Wells, Hestenes, &

Swackhamer, 1995).

The choice of Modeling Instruction is apt because it either already addresses, or is
easily adapted to address each of our project's emphases. Modeling Instruction focuses
on student development of coherent scientific models, simplified déscriptjons of a system
or behavior that encompass some essential aspect(s) of the phenomenon. While
developed for physics instruction, this pedagogy is authentic for all sciences. For
instance, while many of the standard physics models are well suited for an IPLS course, 1
also developed activities that lead students through the process of developing models of
natural phenomena that are directly applicable to biological systems. Modeling
Instruction also follows an empirical approach, where students design aspects of their
experiment, collect data, construct representations of their data, and interpret these
representations to develop a coherent model of the data for themselves. This approach

requires students to understand the mathematical treatments of the data that they perform



in generating and interpreting their representations. Finally, and the core of this
dissertation, Modeling Instruction is built upon a well-articulated scientific epistemology.
The Modeling Cycle itself is designed to carry students through the process of authentic
scientific inquiry, which requires productive mindsets and approaches to learning

activities for optimal gains in understanding of content, procedure, and philosophy.

The Major Plavers

To tackle this project I worked with a team of four other investigators, each acting
as the primary expert in one core component of our reform (although contributing to all
components): Dr. Dawn C. Meredith, principal physicist; Dr. Jessica Bolker, principal
biologist; Dr. Gertrud Kraut, principal mathematician; Dr. Jamie Vesenka, principal
modeling instructor. And, as a result of this research project I have developed into the
principal epistemologist. Within the project the major responsibilities broke down as
follows: Dr. Meredith, lead lecturer, responsible for physics content in lecture and
problem solving materials; Dr. Bolker, co-lecturer, responsible for biological content
coordination in lecture and problem solving materials; Dr Kraut, responsible for analysis
of mathematics learning issues; Dr. Vesenka, responsible for cogsulting and training
teaching assistants in Modeling Instruction; and myself, responsible for the design and
deployment of model development laboratory activities, and analysis of student
epistemologies within those activities. In the following manuscript I will describe my
work in the development of model development laboratory activities, a methodology for
accessing student epistemologies in these activities through reflective interviews, and the

analysis of these reflective interviews.



Modeling Informed Instruction

Modeling Instruction and the Modeling Cycle

By choosing Modeling Instruction as the starting point for the reform of PHY'S
401/402 we made a commitment to the underlying pedagogical structure of Modeling
Instruction, teaching a set of core scientific models that are created and applied by
following the Modeling Cycle, Figure 1-1 (Wells, Hestenes, & Swackhamer, 1995). The
Modeling Cycle is broken down into two stages, Model Development and Model
Deployment, each with their own phases. In our adaptation of Modeling Instruction we
made the decision to use the majority of our course's laboratory meetings for all of our
student-centered Model Development activities (some models were developed in
interactive lecture demonstrations), and to use the remaining lecture and laboratory

meetings for Model Deployment activities.

In Model Development activities students engage in the first stage of the
Modeling Cycle, creating a model of a natural phenomenon through an empirical
investigation devised with their critical input. The model development activities written
for PHYS 401/402 at UNH are referred to as Modeling Informed Instruction (MII), and
follow the adapted structure seen in Figure 1-2; this structure will be discussed further in
Chapter 2. The rest of this research is concerned with these activities, specifically how
students engage in the design, undertaking, and analysis of experiments to create

scientific models of natural phenomena.
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Figure 1-1: The Modeling Cycle. The two phases combined into a single cycle of nine
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MII Model Development Activity.

A Case for Pragmatic Epistemology

Epistemology or Not?

Epistemology is defined as the study of knowledge and knowing; however, as I
will discuss throughout this work, the evidence for how epistemology may affect
teaching and learning requires either a more open definition that includes ideas about
learning as well, or perhaps a new “ology” to be defined. In this section, I will briefly
discuss traditional epistemology. Then, I will reduce the scope of epistemology to
scientific epistemology as a more appropriate scope that is applicable to this study. Next,
I will narrow my focus further to an individual for the context of this research, and situate
this work within the current epistemological PER landscape. Finally, this will allow me

to present my research questions in more precise terms, and motivate the quest to answer
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them.

Clarifying Epistemology

Epistemology, the study of knowledge and knowing, concerns itself with three
fundamental questions: (1) What is knowledge? (2) How is knowledge created? and (3)
How do we know what we know? Immediately, we might consider the second and third
questions directly targeting the notion of learning, which I will discuss later. With
regards to the first question, traditional epistemology's core concern is propositional
knowledge, as opposed to process knowledge, knowing how, or acquaintance knowledge,
knowing whom. The most thoroughly discussed definition of propositional knowledge in
response to the first question is that knowledge is a true, justified, belief (Scheffler,
1978). Each of these three characteristics of knowledge is then considered an
independent issue: (a) What is truth? (b) What counts as justification? (c) What is
considered a belief? For science education research, addressing these three
characteristics, as well as the second and third questions, can benefit by reducing our

concentration from traditional epistemology to the subset of scientific epistemology.

By reduction to scientific epistemology, ideas about knowledge and knowing that
deal only with knowledge created through authentic scientific endeavors, we are able to
look at the three major questions above as targeting the scientific enterprise. To be
explicit: the truth condition for scientific knowledge in the modern age falls under the
post-positivist jurisdiction that states that scientific knowledge must be falsifiable, but
can not be proven true; the justification for scientific knowledge must derive from
empirical evidence; and scientific knowledge is unlikely to be believed unless its

justification is replicable. For the purposes of science education research, each of these
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questions opens a key line of inquiry about student learning and understanding of the
scientific enterprise. For example, traditional lab instruction emphasizes confirmation of
“known” laws, which may create confirmation bias in student results and foster the
development of an errant positivist scientific philosophy in students. For my research,
focusing on individual students further restricts the discussion of epistemology to

personal scientific epistemology.

Investigating personal epistemology constrains as well as broadens the discussion
by focusing on the epistemology held by individuals (Hofer & Pintrich, 2002). Personal
scientific epistemologies ought be describable within the context of scientific
epistemology discourse, a constraint; however, investigating personal scientific
epistemologies may also show that an individual's understanding of science and the
scientific enterprise is not what the scientific community would consider appropriate, or
productive scientific epistemology, a broadening (Adams, Perkins, Podolefsky, Dubson,
Finkelstein, & Wieman, 2006) (Redish, Sal, & Steinberg, Student expectations in
introductory physics, 1998) (Elby & Hammer, 2001). In Figure 1-3 I illustrate how a
sophisticated scientific epistemology is the regulative ideal held by the community of
scientists (dark circle), while describing personal scientific epistemology must include

ideas that do not belong to this ideal (light circle).
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Figure 1-3 Personal Epistemology includes ideas not considered part of a sophisticated
scientific epistemology while the community of practitioners owns the sophisticated
scientific epistemology

With the personal scientific epistemological perspective in hand we can now
make the final fine tunings to the orientation of this research. As a physics education
research undertaking, the goal of this research is to understand the ways in which
students actually work within the confines of our classrooms on the activities that we
design and construct to aid in their learning of authentic physical science. Because of this
critical focus on the student engagement of activities as they are used in the classroom, I
make a final crucial adjustment to my theoretical perspective. I focus on developing a
description of the personal scientific epistemologies that students bring to bear during
their engagement with the MII activities, as authentic scientific inquiry learning
activities, that I will refer to as “pragmatic epistemology” (Sandoval, 2005). By defining
the scope of pragmatic epistemology in this way, I am open to describing ideas about

learning as well as ideas about knowledge and knowing, while constraining the target
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learning activities to the authentic scientific inquiry based MII model development
activities. In order to engage in this study of pragmatic epistemology, I must make
explicit my theoretical perspective for modeling a personal epistemology (Hofer &

Pintrich, 2002).

Resources as a Theoretical Perspective

Within the PER community there has been a transition in the modeling of
cognitive structures that parallels that of cognitive science (Hestenes D. , 1992). This
transition is most clearly exemplified by the transition in physics content studies from
misconception based to resources (knowledge in pieces) based (Scherr, 2007). Many
studies fall under misconceptions research, which identifies large-scale coherent naive
conceptual structures which students reason with by default, and develops curricula based
on conceptual change theory that elicit, confront, and replace these misconceptions
(Posner, Strike, Hewson, & Gertzog, 1982). The second part of this process: elicit,
confront, replace; usually has students work through a sequence of physical situations for
which their conceptions at first work, elicit, then fail, confront, then are corrected to the
accepted conceptions which work in the situations where their misconceptions failed.
Resources research on the other hand identifies smaller-scale productive conceptual
notions and develops curricula to help reorganize these into the productive target
conceptual structures. As opposed to the elicit, confront, replace model, the curricula
often utilize explicit contrasting activities that emphasize different activations of small
conceptual ideas, not large-coherent structures (Redish, 2003), (Sayre, 2007), (Scherr,
2007), (Hammer & Elby, 2003). The major divergence of these two theoretical

perspectives is that resource theory focuses on smaller productive conceptual notions in

14



order to describe the complex context dependence of student reasoning, while
misconceptions theory focuses on well structured beliefs or theories that can be replaced
wholesale, assuming consistent application of both the misconception and correct
conception across various contexts (Wittmann, 2006), (Sayre, 2007), (Scherr, 2007). As
will be discussed throughout this dissertation, I chose to structure my inquiry based on
the resources perspective, as applied to epistemology (Hammer & Elby, On the Form of a

Personal Epistemology, 2002).

Differentiating Among PER Epistemological Research

As I have defined my interest in the previous sections, describing personal student
epistemology as it is applied in reformed model development activities in a resources
framework, I would like to clarify this goal in terms of existing PER epistemological

research.

Across the PER epistemology research community there are a few major
paradigms: epistemic beliefs determined through surveys, epistemic frames defined
through observation, and epistemological resources identified through interviews and
observation. I will briefly explain each of these paradigms and differentiate them from
my-work. A few key ideas for comparing these paradigms are validity and reliability,
epistemological form, and methodological implications. Here I will focus on the first
two, as the latter two are addressed in the ensuing chapters. Validity as I will discuss it in
this work comes in two major flavors: contextual, does the data come from authentic
classroom learning activities or research interventions; and interpretive, would the
participant agree with the interpretation or is the interpretation the researcher’s

construction. Reliability also comes in two flavors: methodological, given the same
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student activity, could another researcher achieve similar data; and analytical, given the

same data, would another researcher provide a similar interpretation.

Within PER there are at least four significant surveys that have epistemological
indicators: Epistemological Beliefs Assessment for Physical Sciences (EBAPS),
Maryland Physics Expectations survey (MPEX) (Redish, Sal, & Steinberg, 1998), Views
About Science Survey (VASS) (Halloun & Hestenes, 1998), and Colorado Learning
Attitudes about Science Survey (C-LASS) (Adams, Perkins, Podolefsky, Dubson,
Finkelstein, & Wieman, 2006). As surveys, each of these instruments has weak claims of
contextual validity, they do not assess students in their actual classroom activities;
however, the interpretive validity, methodological reliability, and analytical reliability
claims are strong. The clearest example for these claims is the C-LASS. To address
interpretive validity, the development of the C-LASS involved iterative interviews. Asa
survey the methodological reliability is built into the lack of researcher involvement in
data collection, and the analytical reliability is controlled in a similar fashion, with a
provided statistical analysis package. While this survey clearly addresses three of the
issues I brought up quite well, the final issue, contextual validity, remains significant as
studies have shown that what participants self-report is different from how they act

(Louca, Elby, Hammer, & Kagey, 2004).

Epistemological framing is a theoretical construct that PER has adapted from
sociolinguistics and discourse analysis (Tannen, 1993). Frames are what might be
answered to the question “what’s going on here?” and are applied through observational
protocols which focus on behavioral clusters. Because these protocols are applied to

actual classroom activities, they are contextually valid; however, the missing interaction
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between the researchers and participants means that the frames identified by the
researchers may not agree with what the students believe they are doing. A further
concern is that by being based entirely on observation of behavioral clusters, framing
research may not in fact penetrate the sphere of personal epistemology. In fact, an open
question regarding frames is whether or not the participants’ personal epistemologies
align with the group epistemological frame, although it is clear that their outward
behavior indicates that this is true (Scherr & Hammer, 2009). In terms of reliability,
frames research has been shown to be highly methodologically and analytically reliable

(Scherr R. E., 2009).

Epistemological resources round out the field of PER epistemological research
constructs, and are the focus of this research. As adapted by Hammer from Minsky’s
computational mode] of the mind, a resource itself is a small bit of knowledge that can be
applied in a context, either productively or not. The identification of epistemological
resources 1is not as well defined as frames or the belief structures of surveys; however, a
preliminary model includes possible categories of resources: sources of knowledge,
forms of knowledge, stances, and so forth (Louca, Elby, Hammer, & Kagey, 2004). The
proposed resources that come out of this research are of the form knowledge as
transmitted stuff, knowledge as fabricated stuff, acceptance, doubt, and others. As
defined, these resources leave a great deal to be desired in terms of specificity. For
example, what are the ways in which knowledge is transmitted? What underlies a
doubting stance, is it a lack of trust or justification? The epistemological resources
described come from a variety of interviews and observation, which gives them variable

claims to contextual and interpretive validity. The resources reported from interviews
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