CHAPTER 1: INTRODUCTION

The two most common gods for introductory physics courses are to improve
gsudents understanding of physics principles and to improve sudents problem solving
skills.  Problem solving, in fact, is one of the most prominent festures of a college or
universty introductory caculus-based physics course.  Ingructors typicdly spend much
of the dass time solving problems while students weatch, and students spend a significant
fraction of their sudy time druggling with homework problems. Student success in the
classisamost dways evaduated by having students solve problems on tests.

There is, however, a growing body of evidence that suggests that these problem:
solving activities in introductory physics courses are not producing the desred student
outcomes. Severa dudies in the past decade have shown that many students leave ther
introductory college or universty physcs course without the desred understanding of
physics concepts and without the desred problem solving skills (see Van Heuveen,
1991). Research indicates that many introductory physics students are solving problems
based on rote memorization or blind use of formulas, rather than the sorts of thoughtful
gpproaches that most physics faculty would like to see employed (e.g., Chi, Fdtovich, &
Glaser, 1981; Maoney, 1994; Mazur, 1997; McDermott, 1993). For example, in ther
dudies of sudents knowledge organization, Chi et. d. (1981) conclude tha students
usudly only notice the surface features of problem dStuations.  This reliance on surface
features leads students to choose ingppropriate equations. Another piece of evidence
pointing to student use of ingppropriate problem solving sKills is that severd studies have
found that students in introductory physics courses who get the correct answers to
traditiond physics problems often do not understand the physics concepts on which the
problems are based (e.g., Maoney, 1994; Mazur, 1997).

In an dtempt to improve this dStuation, physics education researchers have
developed a number of drategies that have been shown to be efective in improving
dudent problem solving performance (a) dudents ae taught a problem solving
framework that helps to externdize the implicit problem solving drategies used by
experts (Cummings, Marx, Thornton, & Kuhl, 1999; Heler & Hallabaugh, 1992; Heller,
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Keith, & Anderson, 1992; Mestre, Dufrense, Gerace, Hardiman, & Touger, 1993; Ref &
Scott, 1999; Van Heuvelen, 1991b), (b) “red” problems are used that require a higher
level of andyss from the students and discourage poor problem solving practices
(Cummings €. da., 1999; Hdler & Hollabaugh, 1992, Heller et. a., 1992; Van Heuveen,
1991b), (c) dudents work with other students, or with a computer, where they must
extendize and explan ther thinking while they solve a problem (Cummings et. d.,
1999; Hdler & Hollabaugh, 1992, Heller et. a., 1992, Reif & Scott, 1999; Van
Heuvden, 1991a), and (d) concept maps ae used in indruction to hep Students
understand the relationships between important concepts and to develop a hierarchically
organized knowledge dructure that is more smilar to that of experts (Bango & Eylon,
1997, Bango, Eylon, & Ganid, 2000; Van Heuveen, 1991b). Curricular materiads using
these indructiond drategies have been shown to improve sudents problem solving
skills as well as their understanding of physics concepts (Bango et. d., 1997; Cummings
et. a., 1999; Fogter, 2000; Heller & Hollabaugh, 1992; Heller et. d., 1992; Mestre €. dl.,
1993; Reif & Scott, 1999; Van Heuvelen, 1991b).

In spite of the variety of curricular materias that are readily available and have
been shown to be effective & improving sudents problem solving skills, rdatively few
physics indructors have chosen to use these curricula  In addition, there is some
evidence to suggests that some ingructors who do attempt to use these materiads may not
understand the learning theories upon which the materids are based and may use them in
ways that limit their effectiveness (Yerushdmi & Eylon, 2001). One likdy cause of this
problem is that these curricular materids do not dign with, and perhaps are in conflict
with, the ways that physics ingructors think about the teaching and learning of problem
solving.  This has led the Physcs Education Research and Development Group & the
Universty of Minnesota to undertake a long-term research program to firs understand
physics faculty conceptions about the teaching and learning of problem solving, and then

to use this understanding to develop and/or refine curricular materias.

The current study is the first phase of a three-phase research program. The god
of this sudy is to use a smdl sample of ressarch universty faculty to generate a viable
explanatory model of faculty conceptions of the teaching and learning of problem
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solving. The tentative modd developed in this study will then be tested and refined using
a sample of faculty from more diverse inditutions (i.e. community colleges private
colleges, and date universties). Findly, a closed-format survey will be developed to
determine the didribution of faculty conceptions within the modd. In addition to
determining the didribution of faculty conceptions within the modd, a larger sample will
permit researchers to determine what context variables (e.g. years of teaching experience,
type of inditution, etc.) are corrdated with particular conceptions. The modd of faculty
conceptions generated and tested through this research program will help researchers and
curriculum developers understand how faculty think about the teaching and learning of
problem solving in introductory calculus-based physics courses.

Background

Research into teachers thinking about teaching and learning has been growing in
popularity in the last 20 years. Traditionaly researchers have atempted to distinguish
between different aspects of teachers thinking. For instance, many studies attempt to
distinguish between teachers knowledge and teachers beliefs (Caderhead, 1996). More
recently, however, some researchers (e.g., Thompson, 1992) have decided that making
the diginction between different aspects of thinking is neither useful nor posshble, and
have ingead turned to investigations of teachers conceptions, where conceptions is a
broad term used to describe a more generd mental dructure that involves beliefs,
knowledge, menta images, preferences, and dmilar aspects of cognition (Thompson,
1992).

As described in more detall in Chapter 2, researchers typically focus on one of
two basc types of teacher conceptions teacherS genera conceptions or teachers
context-specific conceptions.  Teachers general conceptions refer to basic vaues and
beliefs that can impact ther indruction. These can include such things as teachers
generd beliefs about teaching and learning, their knowledge and beliefs about the subject
they are teaching, and ther beliefs about the context in which they teach. Context-
specific conceptions refer to knowledge or beliefs about how to teach specific topics to



partticular sudents.  Context-specific conceptions go by such names as pedagogicd

content knowledge and craft knowledge.

This gudy will focus on indructors context-specific  conceptions about the
teeching and leaning of problem solving in introductory cadculus-based physics.
Although the focus of this sudy is on context-specific conceptions, this study is informed
by and has the potentid to inform research on teachers generd conceptions. There has
been very little prior research that has examined teachers context-specific conceptions
about the teaching and learning of problem solving in introductory caculus-based

physics.

Ways of learning about teachers conceptions

There are many different ways that researchers have attempted to learn about
teachers conceptions.  Interviewing teachers is the most common method used, dthough
many sudies dso make use of classsoom observations or written questionnaires.  Studies
that smply ask teachers about ther conceptions, dther in an interview or written
questionnaire, have been criticized because it is thought that conceptions are not aways
evident to the person who holds them (Bowden, 1995; Caderhead, 1996; Francis, 1993,
Pgares, 1992). Thus, much research has combined interviews aong with classroom
observations (e.g., Nespor, 1987) or descriptions of concrete hypothetica teaching
gtuations (eg., Shavelson & Stern, 1981; Kennedy, Bdl, & McDiarmid, 1993). This
sudy will use the later technique to undersgand physics indructors conceptions as they
rlate to different indructiond dtuations through the use of concrete indructiond
atifacts.

Prior research into Teachers Conceptions

There are two areas of previous research on teachers conceptions that have
grongly influenced this study. These areas will be briefly introduced here and described
in more detail in Chapter 2.



The Rdationship Between Teachers Conceptions and Their Instructional Choices.

This gudy is interested in determining teechers conceptions of teaching and
learning in the expectation that this knowledge will dlow us to better understand
teachers  indructiond choices. Prior dudies invedigating teachers  conceptions
commonly agree that these conceptions play a mgor role in ther teaching practices
(Nespor, 1987; Pgares, 1992; Thompson, 1992). These conceptions strongly influence a
teacher's perception of what is happening in the classsoom and condrain a teacher's
ability to generate solutions to perceived problems. Conceptions about the subject they
teach, how students learn, appropriate teaching practices, and about ter own ability can
dl have an influence on indructiond choices. Thus it is reasonable to expect that a
modd of faculty conceptions of teaching and learning will be useful in understanding
both their current indructiond choices as wdl as the likdihood that they will adopt
particular types of curricular materids.

The Nature of Teachers Conceptions

One of the difficulties in conducting research into peoples conceptions of any
type is that conceptions do not appear to be completdy Sable entities. In previous
studies teachers conceptions about teaching and learning have appeared to be context
dependent and even, a times, conflicting. Caderhead (1996) and Schoenfeld (1998)
have indicated that teachers often have contradictory conceptions. The specific context
of a given Stuaion can result in the activation or choice of one conception over another
(Caderhead, 1996). This nature of conceptions has impacted both the design of the
interview tool as wdl as the interpretation of the results. For example, as mentioned
ealier, this sudy used interviews based on specific teaching gStudions to understand
indructors  conceptions as they relae to severd different concrete ingtructiond

Stuations.

Model Generation and Testing

The god of this dudy is to use a andl sample of university faculty to generate a
viable explanatory modd of faculty conceptions of the teaching and learning of problem
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Figure 1-1: Cyclica process of generation and modification in the
development of explanatory models. (Clement, 2000, p. 554)
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solving.  The tentative modd developed in this study will then be tested and refined in
future sudies. As Clement (2000) argues, this is the same way that explanatory modds

are developed in the physical sciences.
Clement describes two basic types of Sudies that play essentid roles in the

devdopment of new scientific theories. Generative sudies focus on formulatiing new

congructs and new dements of a theoreticd modd. Convergent sudies “atempt to

provide reliable, comparable, empiricad findings that can be used” in testing a theoretica

modd (Clement, 2000, p. 558). He describes this “cyclica process of hypothesis

generation, raiond and empirical testing, and modification or rgection” of a scientific

modd in Figure 1-1 (Clement, 2000, p. 553).

As Clement describes,

“The scientist ams to congtruct or piece together a theoreticd modd in the
form of a conjectured story or picture of a hidden structure or process that
explans why the phenomenon occurred....The initid hypothess for a
hidden mechanism ... can be a credtive invention as long as it accounts for
the observations collected so far....However, it should dso be a very
educated invention, reflecting condraints in the sdentigt’'s prior
knowledge &bout what might be the mos plausble mechanisms
involved....Then, the initid modd is evauated and revised in response to
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criticiams. This can involve evaduations by comparisons with new data, or
it can involve evduaions via raiond citeia such as gmplicty and
consgency. By such a process of successve refinements, we cannot
arive a absolute certainties, but a viable and successful  explanatory
model may be formed.” (Clement, 2000, p. 554)

The theoreticd explanatory models that result from this process are “more than
just summaries of empirical observations, but rather, are inventions that contribute new
mechanisms and concepts that are part of the scientist’s view of the world and that are not
‘gven’ in the dad (Clement, 2000, p. 549). A ussful explanatory mode dlows
scientists to be able to make predictions in other contexts and can lead to the creation of
new lines of research (Clement, 2000). As Clement (2000) discusses, scientids
frequently think in terms of theoreticd explanatory models such as molecules, waves,
fidds, and black holes. These modds have played important roles in helping scientists to
think about and describe the naturd world.

Phenomenographic Investigations of Thinking

Within the socid sciences and education, researchers have identified a number of
research traditions that operate within the framework described above. Each of these
traditions condgsts of a set of compatible gods, assumptions, and methods that can help
guide a researcher in designing and conducting a particular sudy. One research tradition
that has grown out of science education is phenomenography. This research tradition is
often used in studies designed to develop models of how students conceptudize physicd
phenomena.  Frequently this phenomenographic research into student conceptions makes
use of dinicd interviews in which dudents are asked to explan how they interpret a
partticular Stuation (eg., Driver & Eadey, 1978; Wandersee, 1994). More recently, some
researchers have used phenomenographic methods in studies of teacher conceptions (e.g.
Prosser & Trigwell, 1999; Samuelowicz & Bain, 1992).

The god of a phenomenogragphic sudy is to define the range and nature of the
conceptions that a group of people have about a phenomena and how these conceptions
are related — that is, to define the “outcome space’. The gods of a phenomenographic
dudy ae not to determine the distribution of a group of people within this outcome
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gpace. This type of god makes sense for a generative study like the current study where
little prior knowledge exists about the types of conceptions that physics indructors have
about the teaching and learning of problem solving in introductory caculus-based
physcs. Once an initid modd of the outcome space has been identified, future studies
can be designed to refine the initid modd to determine how the various conceptions are
digtributed throughout the population of interest. Because the gods of this study are
conggent with the goas of phenomenography, the current study was guided by the
research team’s knowledge of previous phenomenographic studies. In the case of the
current study, the goa is to develop an explanatory model that can describe the way(s)
that a group of people (physics faculty) conceptudizes a phenomenon (the teaching and
learning of problem solving in introductory calculus-based physics).

Resear ch Questions

The god of this dudy is to generae an initid explanaory modd of the
conceptions that physics faculty have about the teaching and learning of problem solving
in introductory caculus-based physics. Future studies will use the results of this sudy as
a dating point in an effort to refine the modd developed in this sudy to more fully
understand the range and nature of faculty conceptions about the teaching and learning of
problem solving in introductory caculus-based physics.  Put in terms compatible with
phenomenographic research, the research questions addressed in this Sudy arer

God of Sudy: Generate, if possble, a viable explanatory modd of the
conceptions that a smdl sample of research universty faculty has about
the phenomena of the teaching and learning of problem solving in
introductory caculus-based physics.

Research Questions

1. Wha ae the generd features of this explanatory modd and how are these
generd features related?

2. For each of the generd features of the explanatory mode!:



a. What are the conceptions (the ideas and the relationships between deas)
that are used by these faculty to understand this genera feature?

b. What ae the quditatively different ways that these faculty conceptudize
this generd feature?

Resear ch Design and Analysis

As is common with phenomenographic studies, data was gathered usng semi-
dructured interviews. Six paticipants were randomly sdected for interviews from the
pool of 20 physics faculty from the Universty of Minnesota, Twin Cities Campus who
had recently taught an introductory caculus-based physics course.

The interviews were videotaped and the audio portion transcribed.
Approximatey 400 statements of rdevant meaning were congdructed from each interview
transcript to capture the important idess that were expressed during the interview. These
gatements then became the raw data used in the congruction of a concept map that
visudly represented a modd of the way that each interviewee conceptudizes the
phenomena of the teaching and learning of problem solving.  Findly, the individua
concept maps were compared and a composite concept map was constructed to modd the

range and nature of the conceptions expressed in the interviews.

Sgnificance of the Sudy

This sudy is a generative sudy that seeks to develop an initid explanatory modd
of the conceptions that physics faculty have about the teaching and learning of problem
solving in introductory caculus-based physics.  This study is sgnificant as the firg sudy
to seek to form such a modd. The reaults of this Sudy are an important part of the
research program undertaken by the University of Minnesota Physics Education Research
and Development Group to understand physics faculty conceptions of the teaching and
learning of problem solving in introductory calculus-based physics.

The current research will adso provide a basdine that can dlow other researchers
to continue investigations of physics indructor beliefs and vaues about the teaching and



learning of problem solving a both the college and high school levd. The results of this
type of research into faculty conceptions can lead to improvements in the teaching and
learning of problem solving by: (1) enabling physcs faculty to communicate more
effectively, both with one ancother and with the physics education research community;
(2) providing curriculum developers with the information about faculty that they need to
better match curricular designs to the concerns and commitments of faculty; and (3)
dlowing curriculum developers to determine what type of professond development, if
any, shoud be offered to physics faculty.

Limitations of the Study

This dudy is an in-depth examination of the conceptions that Sx physics faculty
have about the phenomena of teaching and learning of problem solving in introductory
caculus-based physics. The god of this dudy is to develop an initid explanatory moded
that can be used to understand the range and nature of conceptions that Six universty
indructors have about the teaching and learning of problem solving in introductory
cadculus-based physics. Because of the smdl number of faculty used in this sudy the
results of this sudy are not generdizable to a larger population of physics faculty. As
described earlier, the purpose of this study is to provide a sarting point so that future
studies can expand and refine the current modd and develop a viable and successful
explanatory modd that can be generaized to alarger population of physics faculty.

Identifying conceptions from interviews is an interpretive task that requires the
researchers to meke inferences about conceptions based on what was sad during the
interview and the researchers past experiences. This interpretation can lead to the
cregtion of conceptions that do not actudly exis in the ingructors minds and the missng
of conceptions that do exit. The effect of this interpretation, however, was minimized
by the diverse set of backgrounds and viewpoints that the members of the research team
brought to the study and the thorough analysis methods employed.
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The Research Team

At the ime this study was conducted, the author was a graduate student in Physics
Education a the Universty of Minnesota In addition to his formd academic work in
physcs and curriculum and indruction, the author has had experience teaching physics
and working with physics faculty a three different colleges/universities.

In addition to the author, three other researchers were involved in various aspects
of this sudy. Throughout this dissertation, the contributions of the other members of the
research team will be noted where appropriate.  One of the drengths of the research
results reported in this dissertation is that they were informed by the diverse backgrounds
and viewpoints of the members of the research team.

Paricia Hdler:  Paricia Hdler is a professor of Science Education a the
Universty of Minnesotas She has developed curricula for introductory caculus-based
physics courses and has led many workshops for physics faculty on the use of these

curricula. Dr. Heller is dso regarded as an expert on problem solving in physics.

Vince Kuo: Vince Kuo is a graduate student in Physcs Education a the
Univergty of Minnesotaa He has had experience with course development and has dso
served as amentor TA for the University of Minnesota Physics Department.

Edit Yeushdmi: Edit Yerushdmi is currently an assgant professor of Science
Education at the Weizmann Inditute for Science in Isad. She was a post doctord
research associage with the Universty of Minnesota Physics Education Research and
Deveopment Group during the fird two years of this sudy. Dr. Yerushdmi has had

consderable experience working with physics teachersin Isradl.

Important Terminology

One of the difficulties in sudying teacher thinking, or thinking in generd, is tha
there is not a consstent vocabulary used by researchers in the fidd. Thus, it is important
to clearly define the terms that are used in this study.
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Concept Map: A schemaic device for representing the relaionships between concepts
and idess. The boxes represent ideas or relevant features of the phenomenon (i.e.
concepts) and the lines represent connections between these ideas or relevant

features. Thelines arelabeled to indicate the type of connection.

Conception: A generd term used to describe beiefs, knowledge, preferences, mentd
images, and other Smilar aspects of ateacher’s menta sructure.

Feature Map: A feature map is a magnification of one of the generd features on the main
concept map. It dlows the viewer to undersand more about the feature of
interest.

Genera Features of the Phenomena: A generd feature is a group or category of idess that

can be hdpful in describing the way that a person thinks about the phenomena

Man Map: The man mgp is the highest order concept map that describes the generd
features and the reationships between these generd features. Each of the generd
features can be “zoomed in on” by looking at the appropriate feature map.

Phenomena: The object of interest in a phenomenographic study. In this case it is the
teaching and learning of problem solving in introductory calculus-based physics.

Saement of Reevant Meaning: A dSaement of rdevant meaning, or datement, is a
sgngle idea as expressed by the interviewee. Statements were used as the raw data

for the construction of concept maps.

Overview of This Dissertation

The following provides a brief guide to the remaining chaptersin this dissertation:

Chapter 2: Review of the Literature
This chapter provides areview of research relevant to this study.

Chapter 3: Methods
This chapter presents a detailed description of the methods designed to collect
and andyze data for this sudy.

12



Chapter 4: Results and Conclusions
This chapter presents and describes the modd of faculty conceptions of the
teaching and learning of problem solving thet was generated in this study.

Chapter 5: Implications

This chapter provides a brief summary of the study, relates the findings to prior
research, and suggests possible directions for future studies.
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