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Physics faculty beliefs and values about the teaching and learning of problem solving.

II. Procedures for measurement and analysis
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To identify and describe the basis upon which instructors make curricular and pedagogical decisions, we
have developed an artifact-based interview and an analysis technique based on multilayered concept maps. The
policy capturing technique used in the interview asks instructors to make judgments about concrete instruc-
tional artifacts similar to those they likely encounter in their teaching environment. The analysis procedure
alternatively employs both an a priori systems view analysis and an emergent categorization to construct a
multilayered concept map, which is a hierarchically arranged set of concept maps where child maps include
more details than parent maps. Although our goal was to develop a model of physics faculty beliefs about the
teaching and learning of problem solving in the context of an introductory calculus-based physics course, the
techniques described here are applicable to a variety of situations in which instructors make decisions that

influence teaching and learning.
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I. INTRODUCTION

Even the most effective curricula materials, tools, and
pedagogies must be accepted by instructors if they are to
have an impact on students. This is particularly true in higher
education, where academic freedom gives faculty members a
great deal of autonomy in choosing both a curriculum and its
teaching. In spite of this freedom, however, there appears to
be a uniform and stable set of educational practices in the
teaching of introductory college physics that have been char-
acterized as traditional instruction.! New ideas, especially
those based on research in learning, must compete against
these long-standing traditional methods. In terms of the mar-
ketplace, improved educational products must gain customer
acceptance if they are to displace widespread traditional
practices. In the commercial world, product designers know
that to gain market share, they must construct their product
to match the characteristics that influence customer choices.
Following this model, the first step of effective dissemination
of curriculum or pedagogy developed by physics education
research must occur in the design process. Incorporating the
beliefs and values as well as perceived needs and skills that
underlie an instructor’s choice of curriculum and pedagogy is
a prerequisite to achieving a design that can be efficiently
disseminated.

The few existing investigations into the beliefs> about
teaching and learning held by college physics instructors
have reported conflicting results. Some studies have found
that instructors have beliefs that have been called
“traditional”—they see teaching as transmitting information
from themselves to students and learning as receiving this
information.>* Other studies have found that physics in-
structors see learning as students actively constructing
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understanding.>~® These instructors realize that teaching by
telling is largely ineffective. The range of results suggests
that there may be methodological difficulties in at least some
of the measurements of faculty beliefs.

Modern consumer research uses contextual inquiry and
ethnographic techniques to observe and interview people in
natural settings doing normal activities.’~!> This procedure
has proved to be superior to older techniques that directly
asked potential customers about their desires and needs, or
simply observed them accomplishing some task. Directly
asking, whether by interview or questionnaire, does not un-
cover important consumer characteristics, primarily because
many issues are not a part of the interviewee’s
consciousness.'® In addition, researchers have difficulty cor-
rectly interpreting either direct responses or observed actions
because they cannot know the internal mental context in
which they are given.!?

In education, the type of artifact-based interview that is
the basis of modern consumer research has long been used
to create a natural context for exploring the ideas of
students.'”29 This type of interview is especially useful
when the interviewee does not share a formal system of lan-
guage with the interviewer. For example, an interview study
found that some children would tell interviewers that the
earth is like a ball. When asked to draw the ball, however, it
became clear that these students conceived of the earth as
having two hemispheres with the lower composed of rocks
and dirt and the upper composed of air. People lived on the
flat surface of the lower hemisphere.?’ Based simply on the
language of the interview, one might erroneously conclude
that a curriculum for these children could be based on the
assumption that they have the accepted idea of a spherical
earth.
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Drawing on the tradition of artifact-based interviews in
education and commercial product design we have devel-
oped a tool to probe physics faculty beliefs and values re-
lated to the teaching and learning of problem solving in the
context of an introductory physics course. This paper de-
scribes the research procedure whose results are described
for a study of six university physics faculty in the companion
paper.® The goal of this paper is to make our measurement
and analysis process as explicit and transparent as possible to
begin the process of arriving at a better understanding of the
physics instructor as a key step to any process of educational
reform.

II. INSTRUCTIONAL SYSTEM

The goal of our study was to create a testable model of
faculty beliefs about the people, things, activities, and envi-
ronment related to the teaching and learning of problem solv-
ing in an introductory physics course for the purpose of
documenting and ultimately influencing their instructional
choices. The detailed motivation for this study and the re-
search questions that framed it are given in the companion
paper.8 We chose the first semester, mechanics, of the
calculus-based introductory physics course as the system of
interest. The interview and its analysis were based on the
three generic features of such an instructional system: (1) the
initial condition of the students, (2) the desired final state of
the students, and (3) the processes necessary to move stu-
dents from 1 to 2.1 This systems approach commonly un-
derlies a research-based curriculum that emphasizes physics
problem solving.?>"26 Instructional choices to accomplish
this transition are affected by the instructor’s beliefs about all
three features as well as their values and their perception of
any constraints external to this process. Since we are inter-
ested in the reasons that an instructor either uses, changes, or
rejects curricular material, the investigation concentrates on
the instructor’s mental environment rather than actions.

III. DATA COLLECTION TOOL
A. Artifact-based interview

The data collection tool was designed to probe instruc-
tors’ responses to a set of realistic teaching situations. This
policy-capturing technique®’ asks instructors to make judg-
ments about instructional artifacts similar to those in their
teaching environment.”-3 The artifacts are designed to cre-
ate a context which would activate beliefs that could influ-
ence decisions when instructors select instructional material
or pedagogical techniques. The technique allows us to stan-
dardize the data collection environment for multiple instruc-
tors.

In order to discriminate between a strongly held belief
structure and fragmented or even conflicting beliefs, our in-
terview had four different situations that emphasized differ-
ent aspects of the same instructional goal. The artifacts were
designed to encourage instructor introspection and elicit
ideas that an instructor might not articulate spontaneously.
Artifacts varied in their representation of aspects of expert
and novice problem solving as well as the features of three
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basic instructional paradigms: behavior, development, and
apprenticeship.’! These artifacts were also designed to allow
one to test the consistency of ideas among the situations, a
technique called triangulation, to facilitate the identification
of strong conceptions. For example, one aspect of expert
problem solving is planning. Each set of artifacts, given in
the Auxiliary Appendix, was designed so that some explicitly
represented planning (e.g., Student Solution D, Instructor So-
lution C) and some did not (e.g., Student Solution E, Instruc-
tor Solution A). Finally, the use of artifacts allows the in-
structors and the interviewer to use the instructors’ natural
language anchored by specifics in the artifacts rather than
imposing the researchers’ language with its inherent risk of
biasing the data.

B. Specific artifacts

The specific types of artifacts evoke instructional situa-
tions familiar to any physics instructor. The three types of
instructional artifacts were:

1. Instructor solutions: The instructor makes problem so-
lutions available to students, in either verbal (e.g., during
lecture) or written form. The artifacts are three possible in-
structor solutions for a single problem.

2. Student solutions: The instructor evaluates student so-
lutions. The artifacts are five possible student solutions for a
single problem.

3. Problems: The instructor selects or creates problems
for students to solve. The artifacts are five possible state-
ments of a single problem.

Each set of artifacts spanned the three instructional para-
digms in ways that represented common practices. For the
purpose of an interview, only a small number of short, con-
crete artifacts could be used. They are shown in the Appen-
dix and briefly explained below.

1. Basing the interview tool on one physics problem

All of the artifacts were based on a single problem. This
Core Problem (see auxiliary Appendix) was selected to be
one that could reasonably be given in most calculus-based
introductory physics courses while being rich enough to al-
low for interesting variations. Its solution required several
important physics concepts (e.g., linear and circular kinemat-
ics, dynamics, and conservation of energy), and students
could potentially work the problem in different ways. The
problem was taken from a final exam for the introductory
calculus-based physics course at the University of Minne-
sota. Since multiple lecture sections of the same course have
a common final exam, this problem was designed and ap-
proved by a group of four physics instructors who taught the
course. In addition, the student final exam solutions were
available, providing a source of authentic student solutions.

The core problem was sent to physics faculty at several
other institutions to verify that it could conceivably be given
to their students. All reported that the problem was difficult
for an introductory physics course, but one that they could
reasonably assign to their students. It was important that the

020110-2



PHYSICS FACULTY BELIEFS AND... . II. ...

PHYS. REV. ST PHYS. EDUC. RES. 3, 020110 (2007)

TABLE 1. Characteristics of student solution artifacts

Student solution

A B C D E
Qualitative No evidence Evidence Evidence Evidence No evidence
reasoning
Organization Disorganized Somewhat Logical Logical Unclear
logical organization

Final answer Incorrect Incorrect Incorrect Correct Correct
Diagram No Yes Yes Yes No
Reasoning Unclear Unclear Clearly Clearly Unclear

incorrect incorrect
Evaluation of final No No Yes No No
answer
Correct math Yes No Yes Unclear Yes
Evidence of None Unclear Solution Solution None
hierarchical could be based on
knowledge based on fundamental
organization fundamental principles

principles
Evidence of None Categorizes Planning via Planning None
metacognition problem subproblems, via subproblems

reflection on

progress

problem be considered difficult enough by an instructor to
require an average student to use an exploratory decision
making process as opposed to an algorithmic procedure.?!->?
Although each artifact reflected certain instructional and
learning styles, as discussed below, none were designed to be
flawless in order to facilitate the interview discussion.

2. Instructor solutions

These artifacts consisted of three different Instructor So-
lutions to the Core Problem. A review of posted instructor
solutions found that most were of two basic types. The first
type is a brief, “bare-bones” solution that offers little descrip-
tion or commentary. This type of solution leaves many of the
minor steps to be filled in by the reader and is found in many
textbook solution manuals. Instructor Solution 1 was mod-
eled after this type of solution. The other common type of
solution was more descriptive than the bare-bones type of
solution. In this type of solution all of the details of the
solution were explicitly written out. Instructor Solution 2
was modeled after this type of solution. Although providing
a good representation of the range of actual instructor solu-
tions, these first two instructor solutions were missing two
aspects, characteristic of expert decision making,?? that are
recommended by some curriculum developers.”*~2 First,
both of the previously described solutions proceed from the
given information to the problem goal. Research has shown
that expert problem solvers often begin with the problem
goal and attempt to relate it to the known information.??
Another missing aspect was an indication of the reasoning
that motivated the particular steps of the problem solution by

describing an approach to the solution. Instructor Solution 3
contains these aspects.

3. Student solutions

The artifacts consisted of five different student solutions
to the Core Problem. These were designed to reflect both
common components found in an analysis of several hundred
student final exam solutions and of the differences between
expert and novice problem solving from the research
literature.”!?>3233 The solutions reflected the dichotomies
shown in Table I. Most features were triangulated in at least
two artifacts. These artifacts were designed to trigger
thoughts about different instructional approaches and their
impact on the instructor and student. They have also been
used as the basis of a previous paper on grading practices.’

Problems. These artifacts were four different restate-
ments of the Core Problem based on an analysis of problem
types used by physics instructors on tests. They reflected the
research literature about problems?!?> and were designed to
trigger thoughts about the distribution of roles between in-
structor and student and the desired and perceived reasoning
of students. Problem A includes a visualization of the prob-
lem, explicitly states the target of the solution, and is broken
into three explicit subproblems that provide a guide to the
solution. Problem B does not include a visualization of the
problem and requires students to determine their subprob-
lems. It has multiple-choice numerical answers that result
from common conceptual difficulties. Problem C does not
include a visualization of the problem, requires students to
determine their subproblems, simulates a “realistic” context,
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does not pose an explicit question, and is overly verbose. It
also does not use SI units. Problem D includes a visualiza-
tion of the problem, explicitly states the target of the solu-
tion, and adds three explicit subproblems that guide a quali-
tative analysis of the problem.

C. The interview protocol

To reflect on the artifacts, it was necessary for the instruc-
tors to solve the problem. During pilot testing, we found that,
under interview conditions, many physics faculty made mis-
takes while solving the problem. For this reason, the problem
was given to the instructors several days before the interview
and they were asked to solve it. This was done by all of the
interviewees. During the interview, a tripod-mounted video
camera made an audio record of the conversation and visu-
ally recorded any pointing at features of the artifacts.

The interview protocol was designed to probe instructors’
beliefs across the three instructional situations using both
general and specific questions related to the elements that
compose the instructional system. The auxiliary Appendix
gives the interview script. The interview protocol avoided, as
much as possible, imposing any language on the interview
by using the artifacts to elicit the instructor’s natural lan-
guage. Once elicited and clarified, this language was then
used by the interviewer. The use of a structured protocol
reduces the likelihood that the conceptual frameworks of in-
dividual interviewers will bias interviewee responses. Data
from different levels of generality across different contexts
permitted a significant degree of triangulation in the analysis
process. The interview protocol allowed us to complete the
data collection for a single instructor in 1.5 h—the maximum
amount of time that we thought most physics faculty would
agree to be interviewed.

The interview was broken into four distinct parts. The first
three parts each dealt with one of the three types of instruc-
tional artifacts and focused primarily on how the artifacts
might be used during the instructor’s course. The intent of
these parts of the interview was to probe both the perceived
and desired interactions between the students and instructor
within the learning system. The fourth part of the interview
was intended to focus on the instructor’s perceptions of the
students’ initial and final state of knowledge about problem
solving, the instructor’s beliefs about the nature of problem
solving, and the instructor’s satisfaction with their instruc-
tion. This part of the interview used a fourth artifact gener-
ated by the interview process itself and described below. All
of the interview questions fit into one of three basic catego-
ries: (1) general, open-ended questions designed to gather
information about an instructor’s ideas;>3% (2) specific
questions, often related to a specific artifact, to gather infor-
mation about a simulated instructional decision—their
ideas-in-use;»3° and (3) questions about the problem-
solving process to gather information about the instructor’s
beliefs regarding student problem solving. The following
paragraphs briefly summarize each part of the interview.

1. Parts 1-3: Using the standard artifacts

The first part of the interview dealt with the Instructor
Solution artifacts. It began with general questions about how
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and why the instructor used example problem solutions. The
interviewer then gave the three Instructor Solutions to the
instructor, who was asked to compare them to the materials
they used in classes and to explain their reasons for making
those choices. This part concluded by asking the instructor to
reflect on the important parts of the problem-solving process
either as represented in or missing from the artifacts.

The second part of the interview dealt with the Student
Solution artifacts and began with general questions about
how and why the instructor grades student problem solu-
tions. The interviewer then gave the instructor the student
solutions and asked the instructor to assign a grade to each
solution and to explain their reasoning. This part of the in-
terview concluded by asking the instructor to reflect on their
student’s problem-solving process as represented or not rep-
resented in student solution artifacts.

The third part of the interview began by giving the in-
structor the problem artifacts and asking them to compare the
problem statements to those they typically used. This part
concluded by asking the instructor to reflect on what
problem-solving processes were either required or not re-
quired by the different ways of posing a problem.

2. Part 4: Using an artifact created in the interview process

During each of the first three parts of the interview, the
interviewer recorded each feature of the problem-solving
process that the instructor mentioned, using the instructor’s
words. Each feature was written on an individual index card.
The collection of these cards, which ranged from 13 to 25 for
the different interviews, constituted the final artifact. The in-
structor was given the cards and asked to categorize them in
any way they wished. The instructor was then asked to name
each category and explain why the statements were in that
category. Questions were asked regarding these categories to
elicit the instructor’s belief about their students’ proficiency
in each of the categories at the beginning and at the end of
the introductory physics sequence. Finally, the interviewees
were asked questions to elicit their satisfaction with the out-
come of their current course. This type of card sorting task is
used to capture the instructor’s language and knowledge
organization.?’

From instructor feedback at the completion of the inter-
view process, we believe that the interview helped the in-
structors clarify their own thinking about instruction. In ad-
dition, even though the instructors were reluctant to give up
1.5 h of their time, most commented that the interview went
by very quickly.

IV. DATA ANALYSIS: CREATING MULTILAYERED
CONCEPT MAPS

The goal of the analysis technique is to represent preva-
lent beliefs and values of the population of physics faculty
engaged in making pedagogical decisions about teaching us-
ing problem solving in an introductory physics course. It is
not designed to characterize an individual instructor. Analyz-
ing the rich data derived from these interviews posed several
challenges: (1) Efficiently representing the complex interre-
lationships among the instructor beliefs underlying the inter-
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view narrative. (2) Characterizing instructors’ beliefs, to the
extent possible, within an instructional system while allow-
ing an authentic depiction of those beliefs as represented by
their discourse. (3) Describing both the agreement and diver-
sity among instructors’ ideas. (4) Providing a tool to trace the
interpretation of data that allows testing the analysis process,
auditing the study, and evaluating the results.?®

Our methodology merges two qualitative research per-
spectives that, in their extreme interpretations, conflict. Cre-
ating a hybrid analysis technique has, however, been found
to be fruitful in other studies.** Some qualitative methods
emphasize allowing categories and connections to emerge
from the interview data.**-*> We were interested in these in-
structor generated categories and connections. Other meth-
ods analyze such data in terms of a priori constructs,** which
in our case was an instructional systems approach to peda-
gogy. Our hybrid process alternatively employs an a priori
systems view analysis and an emergent categorization analy-
sis to construct multilayered concept maps. The a priori
analysis essentially allows the construction of an initial
framework of categories. This is followed by an emerging
category analysis that is used to elaborate or even change the
initial framework. This process is described in detail below.

Concept maps** compactly represent a large number of
interconnections. A multilayered concept map is a hierarchi-
cally arranged set of maps where child maps include more
details than parent maps. Concept maps are a useful analysis
tool because the visual and explicit nature of the connections
between concepts forces the research team to discuss, con-
front, and clarify their diverse interpretations. In contrast to a
situation where concepts are addressed sequentially, concepts
on the map are connected to other concepts and derive their
meaning from these interconnections. This construction pro-
cess often reveals different researcher interpretations of an
idea or term that requires clarification for the purposes of the
analysis. The arrangement of the multiple layers provides a
technique of organizing data from all of the interviewees that
preserves the connection to original statements so that the
interpretations of those statements can be tested. The visual
nature of the concept maps provided a relatively straightfor-
ward comparison of individual and composite maps that al-
lowed the extraction of any shared ideas.

In the following sections we will describe the analysis
process in detail. First, we will explain the construction of
statements from interview transcripts. Then, we describe the
construction of a tentative main map that reflects the princi-
pal categories regarding the learning and teaching of prob-
lem solving and the connections between these categories
that we found prominent in the transcripts. Next, we con-
structed child maps that included details of each instructor’s
beliefs about every principal category on the main map. Fi-
nally, composite maps were constructed representing com-
monalities and differences among instructors. Each stage in-
cludes a validation process that resulted in the iterative
revision of the previous analysis stage.

A. Transcripts — statements

The audio portion of the videotape from each interview
was transcribed into approximately 30 pages of text by a
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professional transcriber unrelated to this research. The re-
searchers then checked the transcripts by viewing the video-
tapes and inserted references to visual information when
needed to clarify the text. A qualitative analysis requires that
this interview data be broken into smaller units for further
analysis.*> We chose the unit of analysis to be a statement,*’
each representing a single idea related to one of the research
questions described in the companion paper.®

Each statement was designed to stand alone and ranged in
size from short, three word sentences to more complex sets
of three or four sentences. The words used by the participant
were always retained. Occasionally extraneous words were
removed for clarity, with this removal noted in the statement.
More frequently, related discourse necessary to understand
the context of the statement was added to the statement in
parentheses. Each of the interviews yielded approximately
400 statements that were numbered sequentially for refer-
ence. Table II shows a portion of one instructor’s transcript
and the resulting statements.

Because making statements involves researcher interpre-
tation, it was important that the reliability of this process be
monitored. All of the statements used in this study were cre-
ated by two of the authors. Initially both extracted statements
from the same transcript passages and compared their work.
Upon comparison, differences were discussed with the entire
research team. This process allowed the identification of in-
dividual biases and the clarification of the statement-making
procedure. The criterion for agreement was that the extracted
statements convey the same information. Initially, the state-
ments agreed at about the 70% level. By the end of the first
transcript, the statements for the entire transcript agreed at
the 86% level before discussion and at the 100% level after
discussion. By the end of the second transcript, the state-
ments for the entire transcript agreed at the 93% level before
discussion and at the 100% level after discussion. This pre-
discussion level of agreement was considered acceptable and
the remaining transcripts were broken into statements by
only one of the researchers.

B. Transcript— tentative main map

The main map consists of the principal categories of in-
structor beliefs and their interconnections. We began the
analysis process in a top-down manner with a tentative main
map that represented prominent commonalities observed by
the researchers in a holistic reading of the transcripts from
the a priori perspective of an instructional system. Principal
categories were represented by boxes and connections by
links between the boxes. Each link was labeled so that the
boxes and their links formed meaningful sentences. To en-
sure the credibility*® of the map, the entire research team
discussed all of the initial candidate main maps to falsify
categories or links based on specific evidence from the tran-
scripts. This process was continued until consensus was
reached on a tentative main map that could be used in the
subsequent analysis.

At this stage of the analysis, it was possible that discourse
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TABLE II. An example of statements made from a portion of the interview transcript.

Interviewer: “Ok. I want to talk about two different kinds of students. And looking at your chart [created earlier in the interview] there’s
students that come in knowing stuff, which is great. But there are also a lot of students who don’t come in being able to handle these areas.
And of those students that come in without being able to handle them, some of the students get better and some of the students don’t. So I'm
wondering what the difference between those two types of students is—the students who improve during the class and the students that

don’t.”
Statement

Transcript No. Statement
Instructor 6: “Well, I mean, there’s certainly a lot 294 “Well, I mean, there’s certainly a lot of categories.”
of categories. First of all, there’s the ones that just 295 “First of all, there’s the students that just don’t care, that
don’t care, that aren’t gonna get any better. And of aren’t gonna get any better.”
course, there’s the other extreme, th.e pepple that 296 “And of course, there’s the other extreme (as opposed to
Feally have the 1ntelhgence and motlva%non. to look students who just don’t care and aren’t gonna get any
mnto thes.e things. ,I think problem solving in better), the people that really have the intelligence and
general LS sor;ethm;g that some peoplelﬁrllifun,.and motivation to look into these things.
S t ’t. s . . . . .
some Ohers Cofl L. 1 mean, Some peope 1ke goIng 297 “I think problem solving in general is something that
through, and I think probably most physicists are in . .
. . L . some people find fun, and some others don’t. (This is a
it because they like doing it. And so I think the . .

. . . difference between students who improve and students
people that enjoy a challenge, that enjoy the idea of o

. . . . who don’t.).
working these things out, and coming up with
298 “(I think problem solving in general is something that

knowledge that they didn’t have before. I mean, I
think that’s the sort of sense of wonder sort of
thing. I think on the negative end of things there’s
a lot of people that just think all this stuff is just
totally beyond them, they’ll never be able to do it. 299
And therefore they’re not going to try. I think some

people have a sort of feeling that if they’re not

going to be good at it, why worry about it. It’s not

going to be important for them. Here are these

things about...there was a newspaper article that

[name] used to have on his office a long, long time

ago, which was some columnist saying, “why do we 300
have to know algebra anyway? I never see any

want ads for an algebra-doer!” or things like that.

So some people, they have a tendency to disparage 301
what they can’t do. And so they won’t care about

it. I think that’s the biggest problem with teaching

these big general courses, is you get that bigger

fraction that just don’t care.”

302
303

304

some people find fun, and some others don’t.) I mean,
some people like going through, and I think probably
most physicists are in it because they like doing it.”

“(I think problem solving in general is something that
some people find fun, and some others don’t.) And so I
think the people that enjoy a challenge, that enjoy the
idea of working these things out, and coming up with
knowledge that they didn’t have before (will improve in
the class). I mean, I think that’s the sort of sense of
wonder sort of thing.”

“I think on the negative end of things there’s a lot of
students that just think all this stuff is just totally beyond
them, they’ll never be able to do it.”

“(I think on the negative end of things there’s a lot of
people that just think all this stuff is just totally beyond
them, they’ll never be able to do it.) And therefore they’re
not going to try. I think some people have a sort of
feeling that if they’re not going to be good at it, why
worry about it. It’s not going to be important for them.”

“Here are these things about...”

“There was a newspaper article that [name] used to have
on his office a long, long time ago, which was some
columnist saying, “why do we have to know algebra
anyway? I never see any want ads for an algebra-doer!”
or things like that.”

“So some people, they have a tendency to disparage what
they can’t do. And so they won’t care about it. I think
that’s the biggest problem with teaching these big general
courses, is you get that bigger fraction that just don’t

”

care.

data existed for each instructor that related to all of the sys-
tem features on the main map. It was also possible that cer-
tain system features might not be found in some instructors’
discourse data, or that the data revealed categories that could
not be incorporated into the system view. Another possibility
was that most of the instructors’ discourse data would not

match the system view. Our initial main map is shown in Fig.
1. For example, in reading what instructors said about stu-
dents’ initial state, we realized that they all emphasized that
they direct their instruction towards a partial group of the
students. This feature can be seen prominently as “Some
College Students” in our initial draft map (Fig. 1).
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FIG. 1. Tentative main map developed at the beginning of the
analysis process.

C. Tentative main map — individual child map for one
instructor

The next step was to create child maps for a single in-
structor. A child map uses the interview statements to elabo-
rate an instructor’s beliefs about a principal category on the
main map. This initial set of child maps was then used as the
starting point for the analysis of additional instructors. The
previous stage of the analysis that created the tentative main
map is top down motivated by the system view. In this stage

who
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data is analyzed from the bottom up to allow as many cat-
egories as possible to emerge from the statements in a man-
ner guided by the general structure of the tentative main
map. This confined approach to open coding*' focuses the
analysis on the research goals while allowing instructor gen-
erated categories and connections to emerge.

This analysis stage began with the sorting of all the state-
ments related to a principal category on the tentative main
map from the transcript of a single instructor. Using these
statements, as many subcategories as possible were defined
through open coding. These subcategories were grouped into
higher order categories by identifying commonalities. For
most maps, the final product was a list or tree structure such
as the “Students Who Can Improve” map, Fig. 2. When the
principal category was a process, the child map had a process
structure such as the “Solve Physics Problems” map in the
companion paper.®

The child maps also provide a direct link to the interview
data. The numbered statement from the interview is recorded
in each box representing a category built from that statement.
Since the statements were numbered sequentially, it is easy
to determine how many interview statements support a par-
ticular category and if those statements came from a single
interview context. For example, Fig. 2 shows an individual’s
child map for the important feature of “Students Who Can
Improve.” The idea that “not caring is a characteristic that is
detrimental to learning” is expressed in different contexts,
once early in the interview (statement No. 87) and again later
(statements No. 295 and No. 304).

Even this simple child map has implications for curricu-
lum and professional developers. It shows that this instructor
believes that only the middle group of students is affected by
their instruction. Their efforts are not for the best students,
contrary to a common assumption that physics faculty focus
on “good” students who are most like themselves. In addi-
tion, they believe that students who have the intelligence to
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should ace

can improve
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class (263,
413)

are mainly

need to
hopeless learn the Average
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about the class
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learn but do not have the motivation, self-efficacy, or that use
a plug-and-chug approach to problem solving are not the
objective of their instruction. This belief is clearly at odds
with many skill and attitude building, research-based cur-
ricula in physics.!?147

The open coding process has the potential to introduce
systematic error due to researcher bias. For this reason, each
initial child map was carefully validated by at least one ad-
ditional researcher by returning to and reinterpreting the
original statements used to build that map. Disagreements
were discussed and most often resolved by these two re-
searchers. When the two researchers could not resolve a dis-
agreement, the entire research team discussed the issue. This
discussion and reexamination of the transcript sometimes re-
sulted in a revision of the principal categories on the main
map and the consequent resorting of statements for the child

Students who

each test (263,
407)

are also

often do not

take a
vel =1 disciplined path . .
g00d (37,51, to problem FIG. 3. Child map of instruc-
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most likely to
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sparse solution

(like 1S1) (146)

maps. These iterations of the main map, based on the
bottom-up analysis used to create child maps, allows for cat-
egories to emerge on the main map that were not part of the
initial a priori organization.

D. Individual child map for one instructor — individual child
maps for all instructors

Child maps for additional instructors were created using
the existing maps as a starting point. We began this process
with a second instructor who appeared as different from the
first instructor as possible. Using the first instructor’s child
maps, we attempted to place each of the second instructor’s
statements into the categories of the first instructor’s map. If
statements fit, we recorded their numbers in the appropriate
box or along the appropriate link. Statements that did not fit
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were used to create new categories. Statements from the first
instructor were then reclassified into these new categories if
possible. If such statements were found, the first instructor’s
child map was modified to include the new category or have
the new links. If at the end of the process, boxes or links on
the first instructor’s map were not populated by any state-
ments, then these aspects were deleted. In a similar way,
child maps were constructed for each instructor and previous
maps were modified. The validation process used in con-
structing these child maps was the same as that described
above for the first child map.

The participant child map for Instructor 3 is shown in Fig.
3. Notice that the general structure of subcategories for In-
structor 3 is very similar to those of Instructor 6, as described
earlier. They are similar in the way that they define the av-
erage students, who do not improve, as being unmotivated to
work hard, and not serious and systematic in their study hab-
its. They differ in the amount of detailed statements they
provide and in where those details fall.

This process facilitates the ultimate consolidation of each
of the six different sets of child maps into single composite
maps representing the similarities and differences of all of
the instructors. It also strengthens all of the child maps since
it requires the revision of existing child maps based on an
emerging understanding of the data by the research team.

E. Individual child maps for all instructors— composite child
maps and final main map

The final step was to construct a final main map and com-
posite maps to represent the interview data of all the six
instructors.

1. Composite maps

A composite map shows both the similarities and differ-
ences among the six instructors with respect to a single prin-

cipal category on the main map. The composite map, “Stu-
dents Who Can Improve,” is shown in Fig. 4; other
composite maps from this study are shown in the companion
paper.® The numbers in each box indicate which of the in-
structors expressed that idea. This makes it possible to see
how many participants have beliefs consistent with a particu-
lar box or link. Links are only numbered when necessary for
clarity. The wording used on the composite concept maps is
the hypothesis of the research team designed to express the
commonality and range of instructor beliefs.

These maps show the common instructor beliefs as well
the range of differences. For example, the composite map
“Students Who Can Improve” (Fig. 4) shows that all six
instructors have the instructional belief that only the middle
group of students in their class can be affected by their in-
struction. They differ, to some extent, on the definition of
that group. Other composite child maps, however, show that
instructors have qualitatively different beliefs. For example,
the composite child map “Solve Physics Problems™® shows
three distinct beliefs about the process of students solving
physics problems.

Differences on the composite child maps can arise for
several different reasons. The first reason is that the instruc-
tors actually have different beliefs. However, it is possible
that a common belief justified by the statements of one in-
structor did not occur in the statements of another instructor
because the interview was not adequate to trigger them. It is
also possible that the process of qualitative analysis pro-
duced this difference artificially due to either underinterpre-
tation or overinterpretation of a set of statements made by an
interviewee. Making this belief structure explicit allows
other investigators using other techniques to test both the
specific similarities and differences among instructors.

The validation procedures used for the individual maps
were also applied to the composite maps and resulted in it-
erations of the categories on both the child maps and the
main map. For example, when developing the combined

020110-9



HENDERSON et al.

PHYS. REV. ST PHYS. EDUC. RES. 3, 020110 (2007)

TABLE III. Summary of methodological goals and solutions described in this paper.

Data collection

Goal

Solution

Elicitation of beliefs that shape
instructors’ teaching decisions

Discrimination between strongly held
and fragmented or even conflicting
beliefs

Artifact-based interview tool probes instructors’ responses
to a set of realistic or semirealistic teaching situations.
The artifacts are based on the research literature and on
observations of common practice.

Artifact based interview tool has four different situations
that emphasize different aspects of instruction.

Data analysis

Goal

Solution

Comparison between beliefs underlying
research-based curriculum and faculty
beliefs

Description of both the mutual core of
instructors’ ideas, as well as the
diversity between instructors

Explicit communication tool required
for verifying meaning in the analysis
process, as well as allowing an external
researcher to audit the study and
evaluate the results

Efficient presentation of results of the
complex interrelationships among
instructor beliefs

Confined open coding characterizes instructors’ beliefs, to
the extent possible, within the learning-teaching system.
This system commonly underlies research-based
curriculum. This type of coding also allows an authentic
depiction of instructors’ beliefs as represented by
categories that emerge from their discourse.

Composite concept maps represent both the similarities
and the differences between individual child maps.

Multilayered concept maps provide a direct and
transparent data trail between interviewee categories as
represented on the concept maps and the raw data.

Concept mapping forces an explicit categorization of
interrelations in the data and provides a concrete anchor
to clarify researcher interpretations.

Concept maps have multiple layers that make it possible
to use higher-order maps to navigate and quickly “zoom
in” on an area of interest

child concept maps, the idea of “feedback” frequently oc-
curred. This caused the research team to elevate the category
to the main map, while differentiating it to two forms: “ex-
ample problem solutions” and “individualized response.”

2. Final main map

The final main map (Fig. 5) emerged from the analysis
stages previously described. For example, the tentative main
map shown in Fig. 1, which was based on an instructional
systems approach, has only one category describing initial
student characteristics. However, the analysis process uncov-
ered that the interviewees talked about initial student charac-
teristics in two distinct and disjointed ways. Student charac-
teristics necessary for success were located in the “students
that improve” category and represented the majority of the
class to whom instruction was directed. At the same time,
instructors believed that the typical students in the class did
not have these characteristics. A second category, “the typical
student,” was created to describe the instructors’ conflicting
belief about the initial state of the student population, and
was elevated to the main map. There was no evidence from
the interview transcripts that the instructors recognized this
dichotomy. An example of the evolution of the concept maps

as the analysis process progressed can be seen in the prelimi-
nary versions reported at conferences.*3-5?

Another example is the addition of the “reflectivity” box
on the main map. Each of the learning activity child maps
showed the instructor view that students can engage in each
of the learning activities either reflectively or not reflectively
and that this difference between student approaches to learn-
ing significantly altered the outcome. Thus reflectivity was
promoted to the main map, yet the details of reflectivity are
not found on a single “reflectivity” child map, but rather on
each of the individual learning activity child maps.

V. SUMMARY

There are significant measurement and analysis chal-
lenges facing researchers investigating faculty beliefs that
influence their choices of curriculum material and pedagogy.
These instructors have a complex net of beliefs that can be
context-specific and inconsistent. Because of the complex
nature of this belief structure and how it is activated, it is not
possible to deduce it from observing instructors’ actions or
from an open interview. Instead, we have developed a tool
using an artifact based interview which uses multilayered
concept maps as its primary analysis mechanism. It is impor-

020110-10



PHYSICS FACULTY BELIEFS AND... . II. ...

tant to keep in mind that, although the concept map boxes
and links come directly from the interview data, the maps
themselves are a construct of the analysis process. They are a
model of the beliefs of instructors in the context of making
decisions about instructional material that should be tested
by other means. Because the data represented on the concept
maps result from instructor discourse in interview situations
that represent common instructional contexts, we expect that
these maps will be a useful representation of instructor be-
liefs and values that must be respected in any attempt at
curricular change within these contexts.

The goal of this study is to construct a model, on an
empirical basis, of the beliefs of physics faculty about the
teaching and learning of problem solving in introductory
physics that is definite enough to be tested by further re-
search. To that end, this paper makes explicit the data collec-
tion and analysis methods used. Table III summarizes the
design goals and data collection and data analysis tools. Af-
ter the hypotheses represented by our concept maps are suf-
ficiently tested and modified, we expect that the results of
this line of research will be useful in assisting curriculum

PHYS. REV. ST PHYS. EDUC. RES. 3, 020110 (2007)

developers and those engaging in professional development
to target their efforts more effectively to disseminate im-
proved curriculum and pedagogy. Furthermore, we believe
that this technique will prove to be useful for investigating
the basis of instructor decisions in other domains of teaching
and learning.
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