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ABSTRACT

Researchers and curriculum developers have developed a wide variety of
curricular materids and indructiond drategies that have been shown to be effective in
improving sudent problem solving  performance. Rdativdy few phydcs faculty,
however, have chosen to use them. One likely reason is that these curricular materids
and indructiond drategies do not dign with the ways tha faculty think about the
teaching and learning of problem solving.

This gsudy is the fird dage of a research program to understand faculty
conceptions of the teaching and learning of problem solving.  Interviews with sx physcs
faculty from a large research universty were used to generate an initid explanaory
mode of faculty conceptions. The interview was designed around three types of concrete
ingructiond artifacts (3 instructor solutions, 5 student solutions, 4 types of problems).

Based on an in-depth anadlyss of the interview transcripts a modd of faculty
conceptions was developed that consists of 14 generd features. The basic relaionships
between these 14 general features are described in a concept map that is common to dl
gx faculty. For example, there are three didinct ways that faculty think students can
learn how to solve physics problems: (1) by solving problems on ther own; (2) by using
feedback while/after working on problems, (3) by watching someone else solve problems
or describe how to solve problems.

Concept maps are aso used to describe each of the 14 generd features. For some
of the generd features, dl sx faculty have smilar conceptions. For example, they dl
classfy ther dudents in terms of intdligence/naturd &bility and learning characteristics
(eg. motivation, study habits, etc.) and use these characteridics to explan why some
students succeed and some students fal. For other genera features, there is more than
one digtinct conception. For example, the modd shows three different ways that these
faculty concelve of the problem solving process. (1) three think of it as a linear decison
making process, (2) two think of it as a process of exploration and trid and error; and (3)
onethinks of it as an art form that is different for each problem.
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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.
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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.

Bibliography

Appendices
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CHAPTER 2: LITERATURE REVIEW

This chapter will explore the literature that is rdevant to undersanding the
devdlopment of, and interpreting the results of this sudy. In the firg part of this review
of the literature, | will describe two digtinct types of research on teaching: research on
teechers behaviors and research on teachers cognitions. | will summarize the
assumptions and maor findings of each of these types of research. In conducting this
review, | have primarily concentrated on research conducted on secondary and college
teachers, however, | have dso included some studies conducted on teachers of primary
grades when they are particularly relevant.

The second part of this literature review is a brief summary of research on the
effective teaching of physics problem solving. This is not meant to be an exhaudive
review of the literature. It is intended to familiarize the reader with the basc assumptions
about problem solving in physics that went into the desgn of this study and the
interpretation of the results.

Resear ch on Teaching

Typicdly, research on teaching is conducted in order to improve teaching. The
results of the research are often used to make recommendations for improving teacher
preparation programs and teacher enhancement programs for current teachers. Since this
type of research is done with the goa of providing guidance to teachers and curriculum
developers, it is not surprigng that the research is usudly consgent with the dominant
indructiondl techniques of the time. The ealier research on teaching was dealy
influenced by the behaviorist approach to teaching. The god of this research was to
break down the complex task of teaching into a set of discrete skills that could be taught
to teachers. More recently, indructiond techniques based on information processng and
congructivism began to focus more on student thinking and the ways that students prior
experiences, ideas, and ways of thinking influence how they react to indruction. In a
amilar way, ressarch on teachers began to focus on teachers thought processes

asociated with teaching as wel as the knowledge and beliefs that were necessary to
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support these thought processes.  Currently, much of the research on taching is designed
to understand how teachers make sense of teaching and learning and how this relates to
their actua classroom practices.

Research on teaching is mogt frequently done on pre-service and in-service K-12
teachers.  There have been redively few research studies done on college teachers.
These studies, however, have tended to use research methods that are smilar to those

used with K-12 teachers and, for the most part, the findings have aso been smilar.

Research on Teachers Behavior

Prior to the 1970's, most of the research on teaching was focused on teachers
behavior (eg., Cdderhead, 1996; Shulman, 1986). | will not review this research in
detail since it is not directly related to the current study. | will, however, provide a short
summary of this research in order to provide a context that will hep in understanding the
research on teachers cognitions. Brophy and Good (1974, 1986) provide an excellent
review of the litersture in this area and discuss the mgor findings of this research
program.

Research on teachers behavior is often known as process-product research. The
god of process-product research was to describe teacher behavior that was associated
with gains in student performance.  Shulman (1986) provides a good description of this
research program in his introduction to the Third Edition of the Handbook of Research on
Teaching:

“Overdl, the findings teke the form of propostions describing those forms

of teaching behavior that are associated with gains in student performance,

often conditioned on grade levd and subject matter. That aspect of

teecher behavior usudly described is ether classoom  management

behavior (responses to misbehavior, dlocation of turns, establishment of

rules) or generic indructiond behavior (use of lower- or higher-order

questions, frequency of praise or criticism, wait time), rather than behavior

decribing the substantive subject-specific content of ingruction (eg.,
choice of examples, sources of metaphors, type of subtraction agorithm

employed, reading comprehenson dtrategy demonsrated and explained,
and thelike).” (Shulman, 1986, p. 12 —itdics are origind)
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In this research program, teaching effectiveness was viewed as attributable to
combinations of discrete and observable teacher actions that were not dependent on time
or place. Thus, metaanayss techniques were used to combine the results of process
product studies to find the “true score’ for the reationship between a given teecher
behavior and a pupil outcome measure (Shulman, 1986). Brophy and Good (1986) note
that athough much of this research is corrdationd, many of the links were o vdidated
experimentally. They describe the mgor findings of this research program in terms of
five badc caegories quantity and pacing of indruction, dructuring of information
presented to students, questioning students, responding to student responses, and
handling seatwork and homework assignments. For example, Brophy and Good (1986)
suggest that one of the mgor findings of this research program is that the amount of time
that Students spend engaged in learning activities is highly corrdated with student
achievement. Mog researchers relate time that Students spend engaged in learning
activities to the teacher's ability to manage the dassoom efficiently and handle student
inattention or resistance.

Although process-product research is not currently in fashion, many of the idess
introduced by this research program can ill be found in the educationd literature.  For
example, process-product research introduced ideas such as advance organizers and wait-
time (Brophy & Good, 1986). This research dso cataloged a large number of student
attributes (e.g. socia class, race, gender, physicd attractiveness, sedting location, writing
neginess, etc.) that affect teechers interactions with them in the classoom. These
interactions in turn influenced subsequent student behavior and, in some cases, created a
«f-fulfilling prophecy where a teschers communication of high expectations to a
student can produce high student achievement and vice-versa (Brophy & Good, 1974).

Research on Teachers Cognitions

In the lae 1960's and early 1970's, the psychologica theory of information
processing began to influence research on teachers.  Initid research into teachers
thinking was based on the premise that teachers thought processes could be thought of as
a series of decisons that teachers explicitly made (Cdderhead, 1987). The am of this
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type of rescarch was to deveop a system of rules that govern the decison-meaking
process and describe the types of information that teschers use in making decisons.
Many researchers, however, began to redize that much of teachers thinking did not seem
to involve the degree of ddiberation and choice that is generdly associated with
decisonrmaking (Caderhead, 1996; Mitchdl & Marland, 1989). They adso began to
redize that much of the information that influenced teachers thinking was implicit and
could not be articulated by teachers. This led to a focus on teachers conceptions as an

area of research.

Teachers Decison-Making

Although there was some research on teachers decison-making prior to 1975,
Clak and Peterson (1986) credit the June 1974 Nationd Conference on Studies in
Teaching as being a mgor factor in the change from process-product research to research
focusng on teachers thought processes. Pand 6 of this conference, “Teaching as
Clinica Information Processing’, was chaired by Lee Shulman and included a diverse
group of experts. The report from this panel argued that teachers actions are directed by
their thought processes and that these thought processes should be the focus of research
on teechers. In addition to cdling on the reseerch community to shift their atention, the
Pand 6 report had the more concrete result of influencing the development of The
Inditute for Research on Teaching a Michigan State Univergty in 1976,  This
organization then began the fird large program of research on teachers thought

jprocesses.

Research into teachers decison-making often focuses on one of three basic times
when teachers might engage in decison-making: decison-meking that occurs prior to
indruction (preactive decisonrmaking), decisonrmeking that occurs during classroom
indruction  (interactive  decisontmaking), and decisonrmeking that occurs after
indruction (podactive decison-meking). Rdatively little research has been done on
postactive decison-making. Some researchers (e.g. Clak & Peterson, 1986) ague that,
due to the cyclica nature of teaching, podactive decison-making &fter a given day of
teaching may be more agppropriately thought of as preactive decison-making for the next
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days teaching. Thus | will not discuss podactive decison-meking separately from
preective decison-making. More recently, researchers have focused on postactive
reflection on teaching as a way of deveoping teeching skills. This role of reflection in
the devdopment of teaching <kills will be discussed in the section on Teachers
Conceptions.

Preactive thinking

Most of the research on teachers decison-making has been on preactive teaching,
or teechers planning. Much of this research has been conducted with teachers at the
dementary levd. For example, of the 18 studies that Clark and Peterson (1986) use in
ther review of the teecher planning literature, 16 were conducted with éementary
teechers  Of the remaining two dudies one was conducted with junior high school
teachers and one was conducted with high school teachers. Nonetheless, these studies
have influenced the thinking of researchers conducting sudies on teachers a  higher
levels. In his review of the literature on teachers planning, Caderhead (1996) described
gx main features of the planning process:

1. Planning occurs at different levels. Panning differs in terms of the span of
time for which the planning took place (i.e. weekly, daily, long range, short
range, yearly , and term planning) (Clark & Yinger, 1987, Shavdson & Stern,
1981) as well as te unit of content for which the planning took place (i.e. unit
and lesson planning) (Clark &d Peterson, 1986). Each leve of planning has a
different focus. For example in yearly planning, teachers might be most
concerned about the sdection and sequencing of topics, while in weekly
planning teachers might be more concerned with matters of timing and the
organization of particular materids and activities (Caderhead, 1996).

2. Planning is mogtly informal. Teachers do not usudly write forma plans for
ther lessons. When they do, the plans are frequently written to satisfy

adminigrative requirements (Cadderhead, 1996) and sddom reflect the
teachers entire plan (Clark & Peterson, 1986; Clark & Yinger, 1987).
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. Planning is creative. Modds of teacher planning as typicdly taught in
teacher preparation courses usudly involve a logical process of deciding on
gods and objectives and then trandating these into classsoom practice.  The
research, however, indicates that teachers do not follow a linear process when
planning (Caderhead, 1996; Clark & Yinger, 1987; Shavelson & Stern,
1981).

. Planning is knowledge based Teachers use their knowledge of subject
meatter, classoom activities, children, teaching, school conventions, etc. when
planing indruction (Clark & Yinger, 1987, Shavedson & Stern, 1981).
Cdderhead (1996) suggests that this extensve use of knowledge in planning
may be why planning is difficult for beginning teechers and may result in
plans that are incomplete or unworkable in practice.

. Planning must allow flexibility. Sometimes unexpected events cause a given
plan to be ingppropriate. Studies have found that experienced teachers are
more successful in adapting their plans to a given context.  Beginning
teachers, however, appear to adhere more rigidly to their plans, even when it
may be inappropriate to do so (Calderhead, 1996).

. Planning occurs within a practical and ideological context. Panning can
be influenced by the expectations that exit within the school or by the
teachers conceptualization of the subject matter itsdf. Teachers planning
decisons are influenced by the textbook, district objectives, and their own
views of teaching (Calderhead, 1996).

Although much of the research results reported above were developed from
dudies with dementary teachers, the few studies that have been done on high school and
college teachers suggest smilar findings. Taylor (1970) conducted one of the earliest

dudies of teacher planning. He conducted focus groups with over 40 British high school

teachers roughly evenly divided between English, science, and geography. In addition he

administered a written questionnaire to a smilar sample of 261 high school teachers. His

generd conclusons are tha teachers, when planning, do not appear to follow a linear
drategy from objectives to activities. Instead he found that teachers first consderation

19



when planning was the specific learning activities. Teachers then went on to consider the
likely levels of interest and involvement from the sudents, and findly they attempted to
relate the activities to the purposes of ingtruction.

In a dudy of 13 high school science teachers, Duschl and Wright (1989)
atempted to expand the undersanding of teachers planning characterigtics from
elementary teachers to high school teachers. Their focus was on the knowledge used by
these teachers when planning indruction. Similar to the research on dementary teechers,
ther magor findings were that these high school teechers planning decisons were
dominated by condderations for the leve of the students in the particular class, the
objectives as dated in the curriculum guide, and the pressures of accountability. The
authors were atempting to understand what role the teachers understanding of the nature
of stientific theories had in ther decison-making. They conclude tha teachers “hold a
view of science that does not recognize theories or theory development as centrdly
important in the scientific enterprisg” (p. 493) and thus, their understanding of the nature
of scientific theoriesis not an important part of their planning.

John (1991) aso attempted to understand the planning process by non-eementary
teachers. He sudied the planning processes of five student teachers in mathematics and
geography. Smilar to the conclusons of Duschl and Wright (1989), John found that one
of the main concerns of these student teachers were the abilities and needs of the pupils.
John dso found that a magor concern while planning was developing activities that would
maintain their classsoom control.  In contrast to the Duschl and Wright (1989) study,
John (1991) concluded that the teachers understandings of the nature of the subject had a
ggnificant impact on ther planning. For example, he found that the mathematics
teechers saw mah as a predominantly hierarchicd subject involving a logicd, staged
progresson of understanding. Thus, these teachers planned in a sequentid manner that
was consstent with their view of the subject.

John (1991) also found that dl of the student teachers appeared to approach the
planning process in three sages The fird sage was informa and conssted of the
interpretation of the lesson assgnment and searching for agppropriate resources and
goproaches. The second stage involved more forma planning in which the resources
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were ordered and structured and an actud plan was made. The fina sage involved the
production of a usable classoom verson of the plan, which often served as a guide
during interactive teaching. He noted that these stages tended to become condensed as

the student teachers gained experience.

In one of the few studies conducted with college teachers, Andresen e d.
(Andresen, Barrett, Powdl, & Wieneke, 1985) conducted weekly interviews with 7
college teachers from a variety of disciplines. They found that these teachers appeared to
have a regular routine of ongoing planning. For example, one teacher describes
attempting to get into a pattern of “trying to prepare next week’s lecture and polish it up
as much as | can this week and then have another look & it on Monday” (p. 314).
Another mgor planning concern of the teachers in this study was assessment, which was

aparticularly important concern at certain stages of the course.

Interactive thinking

The research shows that while planning does have an influence on what happens
during actua teaching, many of the details of classoom teaching are unpredictable and
interactive decisons must be made (Clark & Yinger, 1987). Clark and Yinger (1987) see
planning as shaping the broad outlines of what is possble or likdy to occur while
teeching and as usgful for managing trandtions from one activity to another.  Once
teaching begins, however, the plan moves to the background and a teacher’s interactive
thinking becomes more important.

Smilar to research on preactive thinking, most of this research has been done
with teachers a the dementary levd. For example, of the 12 dudies that Clark and
Peterson (1986) use in their review of the literature on teachers interactive thoughts, 11
were conducted with elementary teschers. One study was conducted with 7" and 8™

grade teachers.

One of the gods of many researchers on interactive thinking was to create a flow
chat modd of a teacher’s interactive thinking process. This required an understanding of
the types of decisons that teachers made and data they used in making these decisions.
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Figure 2-1: Model of teachers decision making during interactive teaching (Shavelson &
Stern, 1981)
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Figure 2-1 is a mode of teachers interactive decison-making crested by Shavelson and
Stern (1981) in their review of the literature.  This mode has severd important festures
based on the research literature. Thereis substantial and consistent evidence that, on

average, teachers make one interactive decison during every two minutes of teaching
(Clark & Peterson, 1986). A decison is based on information about how the planned
lesson is proceeding (Caderhead, 1996; Clark & Peterson, 1986; Shavelson & Stern,
1981). The type of information most frequently consdered has to do with Student
behavior problems (Clark & Peterson, 1986; Shavelson & Stern, 1981). At a decison
point, a eacher has two basic dternatives, to continue the lesson, or to make a change in
the lesson. If the student behavior appears appropriate, there is no reason to change the
lesson.  If, however, there gppears to be a lack of sudent involvement, behavior
problems, or a question from a student the lesson may need to be modified. Mogt often at
these points teachers choose to continue the lesson (Clark & Peterson, 1986; Shavelson &

Stern, 1981). In some cases the decison to continue is based on a teacher’s choice to
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ded with the problem at a later time. In other cases the decision to continue is based on a
lack of dternatives (Clark & Peterson, 1986; Shavelson & Stern, 1981).

One explanation for the resstance of teachers to change their lessons midstream is
that such a change would cause a disuption in the flow of the lesson. Studies suggest
that during planning, teechers develop a menta script, or image, of wha the teaching will
look like. One of the benefits of having such a mentd script is that it reduces the
information processng demands on the teacher and dlows the tescher to maintain the
flow of the lesson. To deviate from the mental script, however, requires a higher leve of
information processng which can interrupt the flow of the lesson and increase the

likelihood of classroom management problems (Shavelson & Stern, 1981).

A sudy conducted with sx Audrdian high school teachers (Mitchdl & Marland,
1989) supports the idea that teachers use mentad scripts to help reduce the information
processng demands of teaching. In contrast to Shavelson & Stern (1981), however,
Mitchell and Marland found the mental scripts used by teachers to be of a more generd
nature and not dependent on prior planning. Mitchdl and Marland identified three
“frames’ through which a teacher interprets his classoom environment. These frames
are supported by frequently used routines.  For example, they show how a teacher’s “ego
enhancement frame’ guided his interaction with a dudent during interactive teaching.
The teacher noticed that one, farly quiet, sudent had missed a previous answer on his
worksheet.  Thus, the teacher’s “ego enhancement frame’ identified this dudent as
having a potentiad “ego problem”. The teacher then used his quedtioning routine to ask
the student a question about the next section that he believed the student was likdy to
answer correctly.

Although the Mitchdl and Marland (1989) study comes from a decison-making
perspective, they report some results that are inconsstent with the idea of decison+
making. In ther sudy, they videotgped three experienced teachers and three
inexperienced teschers during interactive teaching.  Afte'wards, the teechers were
interviewed and asked to describe their thinking. One of thelr findings was that much of
the teachers decison-making activities gopeared to be done implicitly. For example,
they found that a teacher rardy thinks to himsdf “in this Stuation I'll use quedtioning
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drategy X”. However, the teacher’s sdection of draiegy X woud frequently be
aopropriacte.  Another related finding is that, dthough the content of a teacher's
interactive thoughts are smilar for both experienced and inexperienced teechers, the
experienced teachers report making fewer interactive decisons.  These differences
between experienced and inexperienced teachers and the ability of experienced teachers
to work effectivdly while reducing their decison-making load has been examined from
other perspectives and will be discussed in more detail later (see p. 45).

Summary of Research on Teachers Decison-Making

Research on teachers decisonrmeking marked a didinct shift from research
solely on teaching behavior to a focus on both behavior and the menta processes behind
that behavior. This research agenda brought an understanding of the different types of
thinking that teachers engage in (i.e preactive, interactive, postactive) and was successful
in identifying the types of decisons that teachers needed to make in esch Stuation. The
rescarch agenda was aso successful in developing a new st of research methods that
could be used in the study of teachers thinking. Quadlitative research methods such as
think aoud procedures (e.g. a teacher is asked to think aoud while completing a planning
task), stimulated recdl (eg. a teacher is videotaped while teaching and later asked to
view the tgpe and report on thoughts and decisions), and policy capturing (e.g. a teacher
is asked to make judgments or decisons about hypothetica teaching dtuaions or
materials) were dl introduced to research on teaching during this period. They continue

to be among the prominent research methods used in research on teachers.

The mogt important result of the research on teachers decison-making is the
redization that teachers work in a rich and complex environment and meke a large
number of decisons. Teachers, however, do not ddiberaedly make many of these
decisons. Despite many efforts, this research agenda failed to deveop any workable
models of a teacher's decison-making process. Thus, researchers began to expand their
ressarch to include not only explicit teacher thinking, but adso implicit teecher thinking
and the menta congtructs thet guide such implicit thinking.
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Although the current study was conducted from a teachers conceptions
perspective, it was influenced by the research on teachers decison-meking.  This sudy
made use of many research methods initidly developed for decison-making research.
Much of the interview was based on policy capturing techniques that seek to learn about
teecher thinking by asking them to engage in hypothetical teeching activities. The
indructors in the study completed three activities in which they examined and evauated
different types of indructiond artifacts For example in a planning activity, ingtructors
were shown three different ingtructor solutions and asked to describe how they are smilar
or different to the solutions that the indructor typicaly uses. The indructors were dso
asked to explain their reasons for usng a paticular type of solution. The interview
questions were desgned to help the ingructors verbdize as much of their decison+

making process as possible.

Teachers Conceptions

The shift away from research on teachers decison-making and towards research
on teachers conceptions occurred gradudly, and there was no important event that
sgnaed the end of one and the beginning of the other. Freeman (1994) sees the work on
teacher decisonrmeking as beng a logicd dating point for research on teechers
cognition. He argues that early researchers imposed the decison-making framework
because they had no better modd to work with and a decison-making framework had
been used successfully in sudies of other types of professond thinking (eg. medica
diagnoss). As researchers gained more experience working with teachers cognitions,
however, they began to see teaching from the teachers perspective and to understand
what Freeman cals the “teacher's story”. The teacher’s dory is the framework within
which the work of teaching makes sense.  This shift occurred around 1985 (Freeman,
1994), and began by looking a the knowledge and knowledge dructures used in
teaching. The research quickly expanded to examine various types of conceptions that
teachers have, how these conceptions are related to teaching, and how these conceptions
develop and change. The research dso expanded to include research on college teaching,
which, urttil this period had been very minimd.
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Figure 2-2: Framework for Understanding Research on Teaching
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In reviewing the research literature on teachers conceptions, there appear to be
three generd bodies of literature. One body describes teachers generd conceptions that
ae rdated to teaching. This type of research is cdled by such names as teachers
conceptions, teachers perceptions, teachers menta images, or teachers orientations.
The second genera body of research deds with conceptions of teaching in a specific
context. This type of research is cdled by such names as pedagogica content knowledge
or craft knowledge. The third generd body of research deds with expertise and how
expertise develops.

Based on these three general bodies of research and my personad understanding of
teaching, | have developed the framework shown in Figure 2-2 to help in the organization
of this literature review. | will first present an overview of the framework and then look
at the literature relevant to each of the partsin more detail.

Teachers General Conceptions. Many researchers have investigated teachers
generd mental dates  The types of generd conceptions examined can be classfied in
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three basic areas. conceptions of teaching and learning, conceptions of the subject, and
conceptions of the teaching context. Most of these conceptions are implicit.  Although it
has been shown that these conceptions affect teaching activities, they do not adways do so
in a logical manner. It has been shown that teachers can have conflicting conceptions and
it is often difficult to predict how these conflicts will be resolved. For example, a teacher
may beieve that having sudents actively involved in group work is a productive teaching
drategy (a conception of teaching) while & the same time believing tha the dass is too
large for group work (a conception of the teaching context). Whether the teacher would
engage in teaching involving group work is dependent on the relative drengths of these
two conceptions and, possibly, on other factors. These generd conceptions have dso
been shown to influence how teachers interpret events and, thus, can limit ther perceived
options.

Most of the research on teachers general conceptions has been confined to
looking at a particular type of conception (eg. conceptions of teaching). At least one
sudy has atempted to consder al types of conceptions and has been successful in using
this information to account for differences in the way different teachers interpret
curricular materials (Lantz & Kass, 1987).

Teachers' Context-Specific Conceptions.  Initidly, a teacher has few context-
gpecific conceptions. A beginning teacher must make decisons based on hisher generd
conceptions.  Going through this process, however, leads to the development of context-
gpecific conceptions. These conceptions are experience-based and help teachers relate
their past experience to current problems, define problems, and test out possible solutions
to them (Cdderhead, 1996). It is these conceptions, which are well-suited for the task of
teaching particular materid to particular dudents, that guide much of a tescher’s
activities and reduce the menta load of teaching.

Expertise in Teaching. As a teacher gets experience and develops more context-
gpecific conceptions, hisher teaching decisons become more and more automated until
the teacher reaches the point where he/she implicitly knows what to do without having to
engage in conscious thought. This is what Berliner (1987) defines as expertise. It does
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not mean tha the tescher aways does things in the best possble way, only that the
teacher’ s thought processes are highly automated.

Reflection. There have been suggestions that the best way to get a teacher to
change higher teaching practice is to change hisgher general conceptions. It has been
proposed that this occurs through a process of conceptua change (Posner et. d., 1982),
which can only be accomplished through reflection. It is noted that, Smilar to students,
teechers do not frequently engage in this type of reflection, so teachers generd
conceptions tend to be stable and resistant to change.

Teachers Generd Conceptions

Conceptions are indrumenta in defining tasks and sdlecting cognitive tools with
which to interpret, plan, and make decisons regarding such tasks, hence they play a
critical role in defining behavior and organizing knowledge and information (Knowles &
Holt-Reynolds, 1991; Pagjares, 1992, p. 325; Nespor, 1987). Carter and Doyle (1995)
suggest that these systems of conceptions function as paradigms in that they: “(1) define
what is recognized as notable in the stream of experience; (2) specify how issues and
problems can be thought about; and (3) persst even in the face of discrepant information”
(p. 188).

Conceptions of Teaching and Learning

A number of researchers have looked a conceptions of teaching held by college
teachers’ (Biggs, 1989; Matin & Balla, 1991; Prosser & Trigwell, 1999; Prosser,
Trigwdl, & Taylor, 1994; Samudowicz & Ban, 1992). All of these dudies have
produced a hierarchica lig of different ways that teachers understand teaching. The ligts
differ in the number of discrete ways of thinking identified, but they dl range from
teeching as presenting information to teaching as fadlitating dudent learning.  Further,
they ae dl hierarchicdly aranged from less complete conceptions (presentation of
information) to more complete conceptions (facilitating student learning).  In these
hierarchies, the higher conceptions include aspects of the lower conceptions, but not vice
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vasa.  For example, in an interview sudy with 24 college physics and chemistry

teachers, Prosser and Trigwell (1999) and Prosser et. a. (1994) identify six conceptions
of teaching firgt year university physica science:

1. Teaching as transmitting concepts of the syllabus. Teachers see their role

as transmitting information based on the concepts in the textbook or syllabus,

but do not focus on how the concepts are related to each other, or on students

prior knowledge.

2. Teaching as transmitting the teachers knowledge. Teachers see
themsdves as the source of knowledge rather than having knowledge come
from some external source such as a textbook (as in conception 1). Similar to
conception 1, teachers see ther role as transmitting information to Students
and do not focus on how the concepts are related to each other, or on students

prior knowledge.

3. Teaching as helping students acquire concepts of the syllabus. Smilar to
conception 1, teachers focus on the concepts as detailed in the textbook or
gylldbus. Raher than being tranamitters, however, they see themsdves as
helping the students acquire those concepts and the relations between them.
Unlike conceptions 1 and 2, students' prior knowledge is seen as important.

4. Teaching as helping students acquire teachers knowledge. Smila to
conception 2, teachers focus on their own understanding of concepts. Like
conception 3 and unlike conception 2, they see themsdves as hdping their
sudents acquire those concepts and relations between them. Unlike
conceptions 1 and 2, sudents prior knowledge is seen as being important.

5. Teaching as helping students develop conceptions. Teachers focus on their
sudents worldviews or conceptions of the subject matter rather than ther
own conceptions or the concepts in the text. They see ther role as helping
their students develop their conceptions in terms of further eaboration and
extension within the students' current worldview.

Y In areview of the literature on conceptions of mathematics teaching, Thompson (1992) reported similar
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6. Teaching as helping students change conceptions. Similar to conception 5,
teachers focus on their students worldviews or conceptions of the subject
matter. In contrast to conception 5, however, teachers see their role as helping

students change their worldviews.
Prosser et. d. (1994) argue that these results may be dependent on the specific

context variables of course levd and discipline.  The amilarity of these results to the
results of the other three studies suggests that this range of conceptions is rather stable
across disciplines.  For example, Samudowicz and Bain (1992) conducted their study
with both science and socid science teachers and did not report any differences between
the groups. Both Samudowicz and Bain (1992) and Prosser et. al. (1994), however, do
indicate that these conceptions appear to be dependent on course level. Samuelowicz and
Bain (1992) report that severa teachers in ther study expressed different conceptions of
teeching between the undergraduate level and the graduate level.  Conceptions of
teaching a the undergraduate level seemed to be lower in the hierarchy (teaching as
transmisson of information) and conceptions of teaching a the graduate level seemed to
be higher in the hierarchy (teaching as fadilitating conceptud change). Similarly, Prosser
et. a. (1994) report that teachers of science service courses were more likely to report

lower conceptions of teaching than teachers of introductory courses for science mgors.

In the same study mentioned above, Prosser and Trigwell (1999) and Prosser et.
d. (1994) identify five conceptions of learning first year universty physicd science held
by college teachers.

1. Learning as accumulating more information to satisfy external demands.
Learning is seen as the accumulation of facts, principles, etc which are added
to or replace exising knowledge through processes such as rote learning. The
outcome of learning is determined extringcaly.

2. Learning as acquiring concepts to satisfy external demands. The
difference between this and conception 1 is the way teachers see the

acquidtion of knowledge. Learning is seen to involve a process of developing

results for studies conducted with preservice mathematics teachers.
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meaning by acquiring the concepts of the discipline and knowledge of how
those concepts are related.

. Learning as acquiring concepts to satisfy internal demands. Here, the
process of learning is Smilar to conception 2. The outcome, however, is not
only to stisfy externd demands. The dudents will know when they have
learned something because it will have personad meaning for them.

. Learning as conceptual development to satisfy internal demands.
Learners come to see things in ther own way through development of ther
own meaning raher than according to the discipline knowledge.  The
sudents sructure of knowledge may not be the same as that held by the
teecher as it would be in conception 2 and 3. Smilar to conception 3,
however, learning is seen as a persona process and students use their own
criteriato determine whether they have learned something.

. Learning as conceptual change to satisfy internal demands. Learning is
the devdopment of persond meaning through a paradigm <hift in the
dudents worldview. Students change the way they think about the discipline
by restructuring their current worldview to produce a new worldview. This is
different from conception 4 in that the Sudents adopt a new worldview
(conceptua  change) rather than developing new meaning within their current
worldview (conceptua development).

Prosser et. d. (1994) note that the high degree of amilarity between the teachers
conceptions of teaching and their conceptions of learning is due to the teachers lack of
differentiation between teaching and learning. Only teachers with the higher conceptions
were gble to differentiste between teaching and learning.  Another interesting finding
from the Prosser et. d. (1994) study was that these conceptions of teaching and learning
are largdy implicitly held by teachers. They report that “it was clear from the interviews
that these teachers dd not spend a lot of time thinking about the way their students learn”

They suggest that this might explan the difficulty tha many teachers

egpecidly those with the lower conceptions, had in expressng their views about the

process of learning.
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An dternative way that some researchers have considered teachers conceptions
of teaching and learning is in the form of metaphors (Briscoe, 1991; Carter & Doyle,
1987) or cultura myths (Tobin & McRobbie, 1996). For example, Carter and Doyle
(1987) identified metagphors for teachers roles. In their sudy, one teacher thought of her
role as a driver navigating a complex and often treacherous route, while another teacher
thought of her role as a defender of a territory or a commodity. These types of metaphors
shape their interpretation of classroom events (Carter & Doyle, 1987), and can shape the

interpretation and enactment of curricular changes (Briscoe, 1991).

Tobin and McRobbie (1996) identified 4 culturd myths based on a quditative
andysis of 4 weeks of class observations in an 11™" grade Austraian chemistry class and
four 1.5 hour interviews with the teacher:

The Transmission Myth: The teacher isthe principa source of knowledge and the
students are the receivers of knowledge.

The Myth of Efficiency: Hasfour components: the teacher having control of
sudents, time being a commodity in short supply, content coverage being more
important than learning with understanding, and the work program being in the

control of others.

The Myth of Rigor: The teacher has the responsibility to ensure that students

learn at aleve that is congstent from one set of students to another and from one

year to the next (i.e. covering the prescribed content, maintaining high standards,

preparing students for the next educationd leve, and recognizing the

specification of the curriculum was the prerogative of externa agencies).

The Myth of Preparing Sudents for Examinations. Tests and examinaions

focused the enacted curriculum and resulted in an emphasis onlow cognitive level

types of engagement by students.

Tobin and McRobbie (1996) suggest that these myths are based on two basc sets
of beliefs bdliefs about the nature of knowledge, and bdiefs pertaining to the distribution
of power. The authors aso point out that these culturd myths support the status quo and

congtitute a conservative force to many proposed student-focused curricular changes.
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Relationship between conceptions of teaching and learning and teaching practice.
In the same st of dudies discussed earlier (p. 28), Prosser and Trigwel (1999 and
Trigwell, Prosser, & Taylor, 1994) identify 5 gpproaches to teaching adopted by the 24

college science teachers they interviewed:

1.

3.

4.

A teacher-focused strategy with the intention of transmitting information
to students (13 teachers).  The focus is on transmitting facts and
demongrated skills with the hope that students will automatically receive this
informetion. The teacher engages in little or no interactions with the students
and the dudents have little or no responshility for the teaching-learning
gtuation. If the students ask questions, the teacher may answer the specific
guestions but make little or no adjustment to his’her pre-planned srategy.

A teacher-focused strategy with the intention that students acquire the
concepts of the discipline (6 teachers). The focus is on hdping students
acquire the concepts of the discipline and ther underlying relationships.  This
approach differs from approach 1 in that the students are expected to be able
to relate concepts and solve trandfer problems. It is smilar to gpproach 1 in

the focus on the teacher.

A teacher/student interaction strategy with the intention that students
acquire the concepts of the discipline (3 teachers). The god is smilar to
gpproach 2, however, students are seen to gain this disciplinary knowledge
through active engagement in the teaching-learning process. The teacher,
however, mantans regponshility for the teaching-learning dgtuation.  For
example, the teacher asks, and encourages students to ask, questions which are
mainly answered by the teacher. In answering the question, however, the
teacher may depart from his’her pre-planned structure.

A dudent-focused strategy aimed at students developing ther
conceptions (1 teacher). The teacher aims to help the students develop their
knowledge within a worldview, assuming that the dudents worldview is
conggent with that of the discipline. The teacher dructures teaching and
learning dtuations in which the dsudents are encouraged to  accept
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respongbility for their own learning. For example, smdl groups may be used
to encourage students to interact with one another.

5. A student-focused strategy aimed at students changing their conceptions
(1 teacher). The teacher ams to confront and quditatively change the
dudents worldview. The student-focused nature of this gpproach is Smilar to
approach 4.

Prosser and Trigwell (1999) report a “reasonably close” relation between the
approaches to teaching taken by the 24 teachers and their conceptions of teaching and
learning. They found that teachers who adopted a student-focused approach to teaching
had conceptions of teaching and learning that were rdaively high in the hierarchy.
Smilaly, they found that teachers who adopted teacher-focused approaches to teaching
had conceptions of teaching and learning that were lower in the hierarchy. They dso
noted that there are some contextual varigbles that affect the approaches to teaching --
these will be discussed later (p. 39).

Another interesting finding of this set of Sudies (Prosser and Trigwell, 1999;
Trigwel et. d., 1994; Trigwel & Prosser, 1996) is that a teacher’s intention in teaching
is drongly related to the drategy used. That is, an information transmission intention is
aways associated with a teacher-focused dtrategy and a conceptud change intention is
dways asociated with a student-focused drategy. They did not find, for example, a
teacher who had an information trangmisson intention and a student-focused strategy.
They confirmed this srong relationship between intention and drategy in a quantitative
sudy of 58 Audrdian college chemigstry and physcs teachers (Trigwel & Prosser,
1996). They argue tha this finding has important implications for professond
devdlopment efforts in that “just helping acedemic daff become aware of, or even
precticing, particular strategies will not necessarily lead to substantid changes in teaching
practice. The associated intentions or motives aso need to be addressed” (p. 85).

This strong link between teachers conceptions of teaching and learning and their
teaching practices was dso found by Galagher & Tobin (1987) in a study of 16

Audrdian high school stience teachers. These teachers had conceptions of teaching and
learning that would be reatively low on the Trigwdl & Prosser hierarcchy. The teachers
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tended to equate task completion with learning. The teachers believed that it was their
job to cover the materid in the text and whether or not learning occurred was the
sudent’s respongbility. Thus, these teachers tended to work in such a way that would
ensure that content was being covered. For example, Galagher & Tobin (1987) noted
that a mgority of class time was spent in whole-class interactions, during which the
teacher had control over the pacing of the lesson. They dso found that the teachers
would generdly interact with only the top 25% of the students during these whole-class
interactions.  If these “target students’ appeared to understand the materia, the teachers

would typicaly move on to new materid.

It becomes more difficult to determine the reationship between a teacher’'s
conceptions of teaching and learning and hisher teaching practices when the teacher has
conflicting conceptions.  For example, in a sudy of 107 K-12 science teachers, Lumpe,
Czeniak, and Haney (1998) found tha these teachers “believed that including
cooperative learning in the classsoom could help incresse student learning, make science
more interesting, increase problem solving ability and hep sudent learn cooperdive
skills’ (p. 128). However, they dso believed that the use of cooperative learning would
increase student off-task behavior and take up too nuch dass time. It was found that the
concern for off-task behavior was a bigger predictor of a teacher’s intention to use
cooperative learning.  Although the authors did not draw this conclusion, it seems that
this conception of teachers as needing control over student behavior is a conservative

force that makes many curricular innovations difficult.

How do conceptions of teaching and learning develop? In a review of the
rescarch literature, Pgares (1992) suggests that conceptions of teaching are wadll
edtablished by the time students get to college. He suggests that these conceptions are
formed during a teacher's experience as a student. Knowles and Holt-Reynolds (1991)
agree and go on to argue that one of the man differences between teaching and other
professond jobs (such as medicine or law) is this gpprenticeship of observation that al
teachers have had.

Researchers on college teaching come to the same concluson (Counts, 1999;

Grossman, 1988). For example, in a case study of one college physics teacher, Dr. Bond,
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Counts (1999) noted that Dr. Bond based his ideas of good and bad teaching on his
experiences as a physcs student. As Counts described, Dr. Bond recounted his
experiences in a paticular class with a professor who “held a postive regard for the
dudents and was very chalenging but reasonable’ as being the modd of an excelent
professor (Counts, 1999, p. 129).

Influence of prior research on conceptions of teaching and learning on the
current study. Severd dudies done with college teachers suggest that the college physics
teachers interviewed for this sudy will have conceptions of tesching and learning that
range from teeching as trangmisson of information to teaching as facilitating conceptud
change. They aso suggest that most of the faculty interviewed will likey be coser to the
tranamisson of information sde. These dudies dso suggest that, for many teachers, it
may be impossble to diginguish between their conceptions of teaching, their conceptions
of learning, and their teaching intentions. Thus, the interview was designed to probe
teachers to make digtinctions between these three different types of conceptions when
they were able, but not forcing distinctions where none existed.

Another mgor influence on the current study was the idea of teacher versus
sudent roles and the use of “target sudents’ (Galagher & Tobin, 1987). Based on the
research team’'s experience with introductory physics ingruction, it seemed tha these
were important themes and the interview was designed to probe teachers conceptions of
the role of the teacher and student. The interview was aso designed to determine if there
was a particular type of student that teachers aimed their ingtruction towards.

Conceptions of Subject Matter

In science, much of the research on teachers conceptions of subject matter has
been focused specificdly on teachers conceptions of the nature of science (Abd-El-
Khaick, Bdl, & Lederman, 1998; Bell, Lederman, & Abd-El-Khalick, 2000; Brickhouse,
1990; Brickhouse & Bodner, 1992; Hodson, 1993; Lederman & Zeidler, 1987).

The subject maiter of primary interest in this sudy, however, is problem solving
in physcs. The only sudy that | an aware of to investigae high school or college
teachers conceptions of problem solving in physcs was conducted by Yerushdmi and
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Eylon (2001). Based on a questionnaire given to 8 Isradli high school teechers, they
found that these teachers were aware of the “necessary problem solving processes”” and
wanted to develop these processes in their students. These teachers, however, were not
necessxily representative of the population of high school teachers.  They were dl
teachers who chose to participate in a professond development program that focused on
indruction amed a promoting students sdf-monitoring in the process of solving physcs

problems.

In mathematics, Cooney (1985) conducted a case study of one high school
mathemdtics teacher's conceptions of mahematics problem solving. He found that this
teecher believed that the “centra point of teaching problem solving is teaching
heurigtics’. There was no clear explanation of how the word “heurigtics’ was used.

Relationship between conceptions of subject matter and teaching practice. Inthe
cae dudy of one mathematics teacher mentioned above, Cooney (1985) conducted
regular classoom observations. He observed that the teacher occasiondly used
“recregtiond math problems’ to hdp dudents understand and become interested in
mathematics problem solving. Cooney, however, concluded that this teacher placed little
emphass on problem solving heurigics and that his lessons were “clearly textbook
oriented and handled in a rather cookbook fashion” (Cooney, 1985, p. 332). Thus, for
this one mathematics teacher, there agppears to be little reationship between his
conceptions of mathematics problem solving and his teaching practices.

Severd dudies have found that there does not appear to be a link between a
teachers conception of the nature of science and their teaching behavior (Abd-El-
Khdick, Bdl, & Lederman, 1998; Bdl, Lederman, & Abd-El-Khalick, 2000; Brickhouse
& Bodner, 1992; Hodson, 1993; Lederman & Zeidler, 1987). For example, in a sudy of
13 presarvice high school teachers conceptions of the nature of science, Bel et. d.
(2000) found that dthough the teachers had views of the nature of science that were
consstent with contemporary conceptions and indicated that the nature of science was an
important indructiond god, none of them thought that they had adequately addressed the
nature of science during thelr teaching. They mentioned a number of condrants to

2 The article does not describe what the authors consider to be the necessary problem solving processes.
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explain this gpparent discrepancy. Mogt frequently they mentioned a perceived conflict
between teaching the nature of science versus teaching the science content and process
skills. They dso mentioned the subgantid time that was required to teech the nature of
science and that this would prevent them from keeping up with other teechers. A find
factor was the preservice teechers lack of confidence in their own understandings of the

nature of science.

Similar findings were reported by Hodson (1993) who conducted a study with 12
secondary science teachers in New Zedand. He found that even those teachers who hold
cler and consgtent views about the nature of science do not plan laboratory-based
activities consgently in reation to those views. Ingead, the teachers were more

concerned with issues of classroom management and course content coverage.

In a case sudy of one middle school science teacher, Brickhouse and Bodner
(1992) found that teachers can have conflicts between their beliefs about what science is
and what it means to teach science. The beginning teacher in the dudy thought of
science as an openrended inquiry, but seemed to think that his role as a teacher was to
transmit knowledge to his students in a way they can make sense of it. He dso had a
conflict between his view that a scentis should be motivated by the pursuit of
knowledge, but that his students were motivated by grades.

There is some evidence, however, that teachers Dbeliefs about the nature of
science may influence their classsoom practice.  Brickhouse (1990) conducted a study
with three science teachers. She found that the teachers views of the nature of scientific
theories, scientific processes, and scientific progress dl were corrdated with their views
of teaching and with their teaching actions. For example, in terms of scientific progress,
two of the teachers “conddered science to progress by the accumulation of facts rather
than by changes in theory.  Similaly, they expected ther dudents to learn by
accumuleting bits of information. [The third teacher, however,] believed that science has
progressed through new interpretations of old observations and that students learn science
not only by assmilaing new information, but aso by thinking about old information”
(p.57). Brickhouse concludes that these three teachers teaching strategies appeared to be
well digned with their views about the nature of science.
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Influence of prior research on conceptions of subject matter on the current study.
The dudies of teachers conceptions of the naure of science and of the nature of
mathematics problem solving suggest that ingtructors conceptions of problem solving in
physcs may not play a mgor role in shgping their teaching practices. Since this is a
largely unexplored area and a mgor focus of this sudy, in order to determine this
relationship between conceptions of problem solving in physcs and teaching practice, the
interview was designed to dicit teachers views of problem solving separately from ther
views of the teaching and learning of problem solving.

Conceptions of the Teaching Context

Many gudies have focused on teachers conceptions of various aspects of their
teaching context. Aspects of the teaching context investigated include:

Class sze (Prosser & Trigwell, 1997, 1999)
Perception of control over course content (Prosser & Trigwell, 1997, 1999)

- Perceived need to cover certain prescribed materid (Bel et. d., 2000;
Hodson, 1993; Lantz & Kass, 1987)

- No choice of textbook (Brickhouse & Bodner, 1992)
Perception of control over teaching methods (Prosser & Trigwell, 1997, 1999)
Perception of departmental support for teaching

- Versusresearch (Prosser & Trigwell, 1997)

- No support for innovation (Brickhouse & Bodner, 1992)

Perception of teaching ability/sdif-efficacy (Abd-El-Khalick et. d., 1998; Bdl et.
al., 2000)

Perception of teaching workload (Prosser & Trigwell, 1997; Boice, 1994)
Perception of requirements for earning tenure (Boice, 1994)
Perception of students

- Moativation (Brickhouse & Bodner, 1992; Carter & Doyle, 1995; van
Drid, 1997)
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- Ability (Boice, 1994; VanDriel, 1997)
- Homogeneity of students (Prosser & Trigwell, 1997)

Perception of schoal facilities (eg. lack of lab equipment and facilities) (Lantz &

Kass, 1987)

Relationship between conceptions of the teaching context and teaching practice.
In their study of approaches to teaching, Prosser and Trigwell (1999) identified severd
context variables that were related to approaches to teaching (refer to description of
approaches to teaching, p. 33). In a questionnaire administered to 58 Audrdian college
chemigtry and physics teachers they found that “a conceptud change/student-focused
gpproach to teaching is associated with perceptions that the workload is not too high, the
class szes are not too large, that the teacher has some control over what and how he/she
teaches and that the variaion in student characteridtics is not too large’ (p.156). They
dso indicate that “an information transmisson/teecher-focused approach to teaching is
associated with perceptions that the teacher has little control over how and what he/she
teaches and that there is Ittle commitment to sudent learning in the department” (p. 156).
Making an analogy to research on students approaches to learning, Trigwel and Prosser
(1997) suggest that a teacher’s choice of a teaching approach is dependent on both his/her
prior experience with such an approach and hisher perceptions of the teaching Stuation
(i.e. perceived teacher control of content and teaching methods, class Size, etc.) as being
compatible with such an gpproach. For example, they argue that a teacher will adopt a
conceptua  change/student-focused gpproach only if the teacher has sufficient prior
experience with such an goproach and perceives the teaching dtuation as being
competible with such an gpproach.

In another large study with college teachers, Boice (1994) interviewed 197 new
and experienced faculty in a variety of disciplines. He concluded that both new and
experienced faculty describe ther teaching practices as dominated by facts-and-principles
lecturing. He identified these teachers conceptions of the requirements for earning
tenure as contributing to this stability in their teaching practices. Boice (1994) noted that
new faculty were concerned about criticism of their teaching that might affect ther tenure
review and taught in ways that they bdieved would minimize this critician.  This meant
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that they taught defendvely and made sure that they had the facts draight. In addition,
indead of reflecting on ther teaching syles upon receiving low teeching raings, they
tended to blame teaching falures on contextua factors such as poor students, heavy
teaching loads, and invalid rating sysems.

In a sudy of 60 fird-year college teachers in The Netherlands in a college that
was trying to move to a more student-centered teaching approach, many of te teachers
agppeared to vaue such an gpproach, but did not focus on developing process skills and
thinking draegies in ther dudents in order to promote sdf-regulated Sudy activities.
Many teachers attributed this choice of teaching practices to their perception that students
did not have the necessary ability or motivation to develop these thinking dtrategies
(VanDrid, 1997).

Although a teacher's perception of students is an important contextua varigble,
Carter & Doyle (1995) suggest that teachers are often not good at percelving student
abilities or interests.  They noted that teachers often judge ingtructional practices based on
how they reacted, or would have reacted to smilar practices as sudents. They suggest
that, snce most teachers were successful as students, they base their teaching practices on
incomplete assumptions about “the range and diverdty of dudents capabilities and
interests and on unredigtic beiefs in the attractiveness of ther own preferences’ (Carter
& Doyle, 1995, p. 189). They dso see this tendency of teachers to think about teaching
from their pergpective as students as a consarvative force in the curriculum.  They note
that studies of students suggest that when the work is familiar and predictable, the classes
tend to run smoothly. On the other hand, when teachers try new practices, students
typicaly experience high leves of risk. Thus, from their perspective as students, teachers
are reluctant to change their practices.

Influence of prior research on conceptions of teaching context on the current
study. The research reviewed here suggests that teachers have many different contextua
variables that they refer to when taking about their teaching. Further, these perceptions
of contextual variables often serve as consarvative forces that lead to the continuation of
current teaching methods. Thus, knowing about teachers conceptions of these variables
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is very important to the gods of this sudy. The interview was designed to give teachers
opportunities to discuss these variables when talking about their ingtructiona decisions.

Teachers Context- Specific Conceptions

Context-specific conceptions go by the names of pedagogica content knowledge
(Fernandez-Badboa & Stiehl, 1995; Grossman, 1988; Shulman, 1986); van Drid,
Verloop, & de Vos, 1998; Wilson, Shulman, & Richert, 1987), craft knowledge (van
Drid, Verloop, Werven, & Dekkers, 1997), and practical knowledge (Bejaard and
Verloop, 1996; Berliner, 1986; Elbaz, 1981, van Drid, Bejaard, & Verloop, 2001).
Although there are some subtle differences between these different ways of thinking
about context-specific conceptions, the essence of dl of these idess is that, as part of their
classsoom experience, teachers acquire conceptions that they use in their day-to-day
teaching (Caderhead, 1996). These conceptions are seen as the interface between a
teacher’'s conceptions of the subject matter and the transformation of this subject matter
for the purpose of teaching (Geddis, 1993). Just as with generd conceptions, these
context-specific conceptions are usudly implicitly hedd.  Having a lage network of
context- specific conceptions is one of the Signs of expert practice.

Currently the most common way tha these context-specific conceptions are
discussed is as Pedagogicad Content Knowledge (PCK). Shulman (1986) introduced the
idea of PCK as one type of knowledge used in teaching. A laer aticle (Wilson,
Shulman, & Richert, 1987), described PCK as not only a type of knowledge, but dso a
“way of thinking” that facilitates the generation of dternative transformations of the
subject matter for the purpose of teaching (p. 115).

In their review of the literature on PCK, van Drid et. a. (1998) conclude that
there are two eéements that al researchers incdlude as pat of PCK: knowledge of
comprehensible representations of subject matter, and understanding of content-related
learning difficulties In a sudy of the pedagogica content knowledge of four reatively
new humanities and socid science college teechers, Lenze (1995) noted three
characteristics of pedagogica content knowledge: it is often tacit, it is individudized with
respect to each teacher’ s purpose, and it is discipline-specific.
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Relationship between context-specific conceptions and teaching practice. The
exact relaionship between context-specific conceptions and classroom practice is not yet
clear. They ae, however, seen as the link between the menta processes involved in
teaching and the teaching itself (Cochran, 1997).

How do context-specific conceptions develop? As shown in Figure 2-2 (p. 26),
teaching experience is an important factor in the development of context-specific
conceptions.  As Wilson et. d. (1987) suggest, pedagogica reasoning begins with the
teacher’'s comprehenson of the subject matter to be taught. The teacher must then
transform this subject matter into a plan or set of drategies for teaching the subject matter
to a paticular group of Students based on their context-specific conceptions. The
indruction is then the outcome of the plan. Evaduation and reflection occur both during
and after indruction. This process of learning from experience may lead the teacher to
devdop new context-specific conceptions.  These new conceptions then inform the
teacher during the next transformation phase, and the cycle continues.

In their review of the literature on PCK, van Drid e. d. (1998) suggest that there
is agreement among researchers that PCK is developed primarily during the experience of
teaching in a classsoom (Cochran, 1997; Counts, 1999; Grossman, 1988; Lenze, 1995;
van Drid €. d., 1997). Thus, beginning teachers should be expected to have little PCK.
For example, in a case study of one college physics professor, Dr Bond, Counts (1999)
found that the professor pointed to past teaching experiences as an important contributor
to his conceptions of teaching. During interviews, Dr. Bond made comments like “I am
doing things that | have found to work” and “[you] hope that you [can] learn from your
mistakes’ (Counts, 1999, p. 161).

The type of PCK that is developed through practice, however, is expected to be
influenced and shaped by the generd conceptions held by teachers (van Drid e. 4.,
2001). For example, in a study of 10 universty teechers from a variety of disciplines,
Fernandez-Baboa (1995) concluded that the generd conceptions held by the teachers
grongly influenced their context-specific conceptions. For example, he found tha the
teachers identified that ther main purpose for teaching was to hep sudents be able to
solve problems and think critically so that they could enjoy life more and be independent,
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life-long learners.  This meant that the context-specific conceptions developed by these
teachers were geared for these purposes rather than for the mere transmisson of subject
matter knowledge. Bejaard (1996) suggests that these context-specific conceptions
develop based on experience during a teacher's fird severd years of teaching. After
several years of experience, however, these conceptions become stabilized, so that the
teacher is less openr-minded towards innovation or change (Beijaard, 1996, p. 276).
Cochran (1997), however, suggests that teachers can improve their context-specific
conceptions by continudly reflecting on why they are teaching the specific content the
way that they do and by taking with other teachers about the ways they teach the specific

content.

Because context-specific conceptions are developed primarily through experience,
it may be reasonable to expect differences to exist between the conceptions of college
teachers and K-12 teachers. The experience of college teachers is condgderably different
from that of a high school teacher (Badwin, 1995; Fernandez-Baboa et. d, 1995).
College teachers typicdly, dthough not dways, have larger classess  This may lead
college teachers to have fewer opportunities to interact with individud students. College
students are also assumed to be more mature than K-12 students. This means tha college
teachers typicdly do not have to condder the management of classsoom discipline to the

same extent as do K-12 teachers.

Another difference between K-12 teachers and college teachers is ther level of
knowledge about the subject matter and about pedagogy. One of the prerequisites to the
development of context-pecific conceptions is a thorough understanding of the subject
matter (Grossman, 1988; van Drid et. d., 1998). While lack of subject matter knowledge
may be a difficulty for some K-12 teachers, it seems reasonable to assume that college
teachers possess aufficient subject matter knowledge. On the other hand, unlike K-12
teachers, college teachers frequently receive no formad educationa training. It may be
that the educational traning K-12 teachers receive leads them to interpret classroom
gtudions differently from college teachers and, thus, form different context-specific

conceptions.
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Influence of prior research on context-specific conceptions on the current study.
The research on context-specific conceptions points to the key role that these conceptions
play in shaping teaching practice. Thus, one of the primary gods of this study was to
understand the context-specific conceptions that these ingtructors have related to the
teeching and leaning of problem solving in introductory caculus-based physics.
Because these conceptions are largdy implicitly held, it would not be fruitful to smply
ask the ingructors to describe their conceptions. This led to the design of an interview
around concrete ingdructiond atifacts that would dlow context-specific conceptions to be
inferred from what the ingtructors said during the interview.

Expertise In Teaching

Many of the gudies mentioned above noted that teachers context-spedfic
conceptions develop through experience. Some researchers have focused on the way that
teachers develop their teaching skills (Berliner, 1987; Berliner 1988; Cater & Doyle,
1987; Dunkin & Precians, 1992; Kwo, 1994). These researchers have compared the
development of the skill of teaching to the development of other types of skills based on
the model of skill development introduced by Dreyfus and Dreyfus (1986a, 1986b). For
example, based on Berliner's (1988) work, Kwo (1994) described five stages of <ill
development in teaching as follows:

1. Stage 1: Novice. At this stage, a teacher is labdling and learning each dement
of a clasyoom task in the process of acquiring a set of context-free rules.
Classroom-tesching performance is rationd and rdativdy inflexible and
requires purposeful concentration.

2. Stage 2: Advanced Beginner. Many second- and third-year teachers reach
this stage, where episodic knowledge is acquired and smilarities across
contexts are recognized. The teacher develops drategic knowledge and an
undergianding of when to ignore or breek rules. Prior classroom experiences
and the contexts of problems begin to guide the teacher’ s behavior.

3. Stage 3: Competent. The teacher is now able to make conscious choices

about actions, set priorities, and make plans. From prior experience, the
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teacher knows what is and is not important. In addition, the teacher knows the
nature of timing and targeting errors.  However, performance is not yet fluid
or flexible.

4. Stage 4 Proficient. Fifth-year teachers may reach this stage, when intuition
and know-how begin to guide peformance and a holisic recognition of
gmilarities among contexts is acquired. The teacher can now pick up
information from the classoom without conscious effort, and can predict
events with some precison.

5. Stage 5 Expert. Not al teschers reach this stage, which is characterized by
an intuitive grasp of dtuations and a non-andytic, non-ddiberate sense of
aopropriate behavior.  Teaching performance is now fluid and seemingly
effortless, as the teacher no longer conscioudy chooses the focus of attention.
At this dtage, standardized, automated routines are operated to handle
indruction and managemern.

This view of skill deveopment helps to explan why the ressarch amed at
modding teachers decisonrmaking ultimatdy faled. As Dreyfus and Dreyfus (1986b)
explain, “when things are proceeding normaly, experts don't solve problems and don’t
make decigons, they do what normaly works’ (p. 30). This view of sill development
adso helps to explan how genera conceptions can influence teaching behavior. Dreyfus
and Dreyfus (1986a) note that one of the key components of competence is that the
performer, to avoid being overwhemed with information, must choose a plan, god, or
peroective which organizes the dtuation. The performer can then examine only the
gmall set of features and aspects that are most important to that plan. They note that the
choice of a plan or perspective to organize information “crucidly affects behavior in a
way that one particular aspect rarely does’ (Dreyfus & Dreyfus, 1986a, p. 322). Further,
this choice of perspective is what guides the devdopment of expert behavior, with
different perspectives resulting in different types of behavior. When thinking about
expert behavior, it is important to note that, according to Dreyfus and Dreyfus (1986h),
the dages refer only to the type of thought processes. They warn tha, dthough dl
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experts perform routine tasks without conscious effort, not al eperts perform these tasks
equaly well.

Severd empiricd dudies have produced evidence supporting this view of skill
development in teaching (Berliner, 1987; Berliner 1988; Carter et. a., 1987; Dunkin €.
a., 1992, Kwo, 1994). For example, Berliner and colleagues (Berliner, 1987; Berliner
1988; Carter et. d., 1987) describe a series of dudies in which they investigated the
differences between expert, novice, and “postulant” high school science and math
teachers. They sudied 18 expert teachers who were nominated as excdlent by their
principals and whose classsoom teaching was judged by two or three independent
observers to be excdlent, 15 novice teachers who were highly rated student teachers and
fird-year teachers, and 21 postulants who were mathematicians and scientists from loca
industry and research organizations who expressed interest in obtaining certification for
teaching. The research participants were presented with the smulated task of taking over
a class five weeks into the school year after a previous teacher had abruptly left. The
participants were given a short note left by the previous teacher, a grade book with grades
and attendance recorded, student information cards containing demographic information
on one Sde and teacher comments about the student on the other, corrected tests and
homework assgnments, and the textbook. The participants were then given 40 minutes
to prepare for the first two classes. After their preparation, they were asked questions
about their planning process and the lessons that they planned. The researchers
concluded that “our experts see classooms differently than do novices or postulants
because they no longer see classrooms literdly. They appear to us to weigh information
differently according to its utility for meking indructiond decisons  Almogs without
conscious thinking they make inferences about what they see” (Berliner, 1987, p. 69).
For example, they noted that the experts recaled fewer detalls about individud students
and the class as a whole than did subjects from the other two groups. The novices
believed that they should have remembered dl of the information presented to them
about each sudent, while experts only used the sudent information briefly to convince
themsdlves that this was a normd class The expeats saw no use in remembering
information about individua students.
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In a sudy done with college teachers, Dunkin and Precians (1992) interviewed 12
award-winning teachers from The Universty of Sydney and compared these results with
interviews of 55 novice teachers. They asked each of the teachers about possible ways to
enhance student learning in their classes and found that the award-winning teachers were
able to combine saverd dimensions (eg. teaching as dructuring learning and teaching as
motivating learning) while novice teachers tended to only answer with a dngle
dimensgon. They conclude that this indicates the group of award winning teachers had a
more well-developed conceptud sructure than did the novices. Having a wel-developed
conceptua dtructure requires the adoption of an organizational perspective and is
indicative of the competent and higher stages of skill development.

Influence of prior research on expertise on the current study. One of the mgor
findings from this research on expertise is that experts and novices can have different
ways of looking a the same information. This required that the interview questions be

designed so that either an expert or novice could understand and answer appropriatdly.

Reflection

In his review of severd dudies investigating changes in teachers conceptions,
Thompson (1992) noted that teachers conceptions of mathematics and mathematics
teaching are quite robust. He noted that being confronted with contradictory information
was a necessary, but not sufficient, condition for conceptual change. This is because
teechers, when faced with new information, firg atempt to assmilae tha new
information.  In many cases this assmilaion is done by modifying the new idess to fit
into existing conceptions (Briscoe, 1991; Thompson, 1992). Less frequently, this new
information causes teachers to change their existing conceptions.

Conceptions tend to be sdf-perpetuating (Dreyfus & Dreyfus, 1986b; Pgares,
1992). One reason is that individuds tend to turn conflicting evidence into support for an
dready hdd bdief, even if this means completdy digorting the conflicting evidence.
Another reason is that conceptions influence behaviors and these behaviors tend to
reinforce ther origind beliefs. For example, a teacher who thinks of teaching as a
teacher-centered activity where the tescher presents information to students will likey
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behave accordingly and dtribute al evidence of student learning to this approach and dl
difficulties to other factors. Pgares (1992) dso suggests that conceptions are “unlikely to
be replaced unless they prove unsatisfactory, and they ae unlikdy to prove
unsatisfactory unless they ae chalenged and one is unable to assmilae them into
existing conceptions’ (p. 321).

Thus, changes in conceptions are seen as only possible if implicit conceptions are
made explicit and reflected on (Dunn & Shriner, 1999; Ericksson et. a, 1993; Menges &
Rando, 1989). In fact, in their review of the development of expertise in a variety of
domains, Ericksson et. d. (1993) point to continua deliberate practice as the most
important factor in predicting the development of exceptional performance. They suggest
that this highly reflective activity is much more important than other factors, such as
innate ability.

Boice (1994) provides an example of the sdf-perpetuating nature of teachers
conceptions.  In his interview sudy with 197 college teachers from a variety of
disciplines, he concluded that college teachers teaching practices and their conceptions
of teaching were very dtable, even in thar first few years of teaching. Boice reported that
when faced with poor ratings and persond dissatisfaction with their teaching, most
teachers did not consder changing their gpproach to teaching. They tended to view
college teaching as ddivering facts and principles to the students via lecturing. Thus, to
improve their courses, these teachers tended to focus on the improvement of lecture
content. They dso mentioned ther intention of making assgnments and tests esser for
gudents. This, presumably, would help to reduce some of the student criticism.

In a study indicating the powerful effect of a teacher's role metaphors and the
sdf-perpetuating nature of such metaphors, Briscoe (1991) conducted a case study of one
high school chemidry tescher, Brad, who sad he was dissatisfied with his current
practice and was ready to make some changes, but did not know where to turn to find
solutions.  Briscoe roted the high level of reflection and effort that was required for Brad
to change his belief sysem. For example, Brad's image of himsdf as a teacher was as a
“giver of information”. This was incondgtent with the congdructivigt teaching mode that
he was trying to adopt and he frequently found himsdf in conflicts between these two

49



idess. Through his weekly conversations with the researchers, Brad was eventualy able
to change his images of teaching and his teaching practice, but he describes the
importance of having someone to help with the process of reflection. Towards the end of
the project, Brad tells the researchers “I'm sure by now | would have been back to more
worksheets and suff if 1 were doing it by mysdf” (p. 197). Thus, changing conceptions
isdifficult, but can occur with deliberate reflection.

Influence of prior research on reflection on the current study. The research on
the role of reflection in the development of expertise suggests that conceptions tend to be
sdf-perpetuating because teachers tend to take on an organizing perspective that focuses
their perception. They typicaly mantain this organizing perspective even in the face of
contradictory evidence. Understanding this organizing perspective is one of the gods of
this sudy. Thus, the interview probes the way teachers think about a variety of different

Stuationsin an atempt to uncover this organizing perspective.

Summary of Research on Teachers Conceptions

Taken as a whole, this body of research suggedts that teachers conceptions, to a
large extent, shape their indructiond behavior. As shown in Figure 2-2 (p. 26), teachers
generd conceptions  directly shgpe the development of context-specific conceptions,
which directly lead to the choice of specific teaching activitiess These generd and
context-gpecific conceptions are largely implicit and aise primaily from a teacher's
experience as both a sudent and a teacher. Teachers dso often have conflicting
conceptions. It is not currently clear how these conflicting conceptions interact to
influence indructional decisons.  Beginning teachers frequently have a poorly integrated
set of conceptions and make ingtructiona decisons based on these conceptions. Most
sudies suggest that teachers with consderable experience teaching in a particular context
(a paticular class @ a paticular inditution) have developed routines for many common
agpects of indruction and no longer give indructiond decisons much conscious thought.
This body of research aso suggedts thet it is very difficult to influence conceptions or the
practices of ether experienced or beginning teechers.
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There has been very limited research done with high school or college teachers
that invesigates ther general or context-gpecific conceptions about problem  solving.
Based on the framework presented a the beginning of this section and the supporting
research literature, a teacher's genera conceptions about problem solving, the role that
problem solving should have in physcs indruction, ways that problem solving could be
taught, and students ahility to learn problem solving would dl be expected to influence
an indructor’s conceptions of teaching problem solving in a particular context. These
context-specific  conceptions would then have a direct impact on ther indructiond
practices. All of these conceptions can be expected to be quite robust and strongly
influence ateacher’ s evauation of new ingtructiond techniques.

Resear ch on Effective Teaching of Problem Solving

Researchers in physics and in other fields have built up a large body of literature
related to the effective teaching of problem solving. In order to be a good problem
solver, a sudent must have the necessary domain knowledge, @& well as an understanding
of generd problem solving processes (Mdoney, 1994). As previoudy mentioned, the
common indructional practice of having Sudents solve dandard physics problems
appears to be counter-productive for reeching these gods  This practice tends to
reinforce poor problem solving procedures and ineffective knowledge dSructures (see

review by Maloney, 1994).

Differences Between Expert and Novice Problem Solvers

Mog ingructionad drategies desgned to improve sudent problem solving are
based on an understanding of the differences between expert and novice problem solvers.
There are two basic types of differences between expert and novice problem solvers that
can be identified in the literature on physcs problem solving:  differences in ther
knowledge, and differencesin their approaches to problem solving.

Differencesin Knowledge

One of the primary differences between experts and novices is that experts have
more physics knowledge than novices (de Jong & Ferguson-Hesder, 1986; Maoney,
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1994). More importantly, however, is that the knowledge of experts is appropriately
dructured for efficient use in problem solving by being hierarchicdly organized around
physics principles. On the other hand, novices have a less efficient knowedge structure,
typicdly organized around surface festures of problem gtuations (Chi, Fdtovich, &
Glaser, 1981; de Jong €. d., 1986; Larkin, 1979; Larkin, McDermott, Simon, & Simon,
1980; Maloney, 1994; Reif, 1981, Van Heuvelen, 1991a Zgchowski & Martin, 1993).
Redated to the organization of knowledge is the integration of knowledge. Novices often
have two banks of knowledge — one that guides thar thinking in “classoom” Stuations
and another that guides ther thinking in “red world” gStuations. For experts, however,
knowledgeis wdl integrated (Maoney, 1994).

Differences in Approaches to Problem Solving

Researchers have found that experts and novices differ considerably in ther
goproaches to problem solving in dl dages of the problem solving process. At the
beginning of the problem solving process experts frequently approach a problem by first
carying out a quditative andyss of the gdtuaion and developing a good physcd
representation. Based on this evauation, experts develop a plan to solve the problem.
Novices, on the other hand, frequently begin the problem solving process by searching
for equations and typicaly do not develop a plan (Finegold & Mass, 1985; Larkin, 1979;
Larkin & Ref, 1979; Larkin, 1980; Larkin, 1983; Maoney, 1994; Schultz & Lockhead,
1991; Van Heuveen, 1991; Woods, 1987). One tool that experts typicaly use to develop
a plan is ther knowledge of problem solving heurigics (Martinez, 1998; Schoenfield,
1992). Novices typicdly lack knowledge of problem solving heurisics. As Martinez
(1998) describes, “a heuridtic is a rule of thumb. It is a drategy that is powerful and
genera, but not absolutely guaranteed to work” (p. 606). He describes severa generd
heurigtics, such as means-ends andyss, working backward, successive approximation,
and usng extena representations.  For example, working backward is a common
heurigic used in solving physcs problems.  In working backward, you “firs consder
your ultimate goal. From there, decide what would congtitute a reasonable step just prior
to reaching that god. Then ask yoursdf, what would be the step just prior to that?
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Beginning with the end, you build a srategic bridge backward and eventualy reech the
initid conditions of the problem” (p. 607).

Another difference between experts and novices is that experts continudly
evauate ther progress (Larkin, 1980; Maoney, 1994; Schoenfeld, 1985; Schoenfield,
1992; Woods, 1987). Experts commonly use monitoring and control strategies when
solving problems by ether explictly or implicitly asking themsdves quesions such as
“What am | doing?’, “Why am | doing it?’, and “How does this hdp me?’ (Schoenfied,
1992). The answers to these questions help them to evaluate their progress and decide
what to do next. Novices, on the other hand, do not tend to ask these questions during the
problem solving process. Schoenfidd (1992) found that novices often dart solving a
problem by quickly choosing an gpproach and then gticking with that gpproach even if it
turns out not to be fruitful. Novices are dso not likdy to evauae ther find answer
(Larkin, 1980; Mdoney, 1994; Reif, 1995; Schoenfield, 1992; Woods, 1987).

Strategies Designed to Improve Student Problem Solving

Many researchers have been working on the deveopment of successful
indructional gpproaches for teaching complex sills like problem solving. Beriter and
Scardamdia (1992) suggest that cognitive apprenticeship is the unifying concept behind
these gpproaches. Cognitive apprenticeship § an adaptation of traditiond apprenticeship
methods that have been used for centuries in teaching people to become experts in
carying out complex physical tasks. Cognitive apprenticeship has been used to teach
complex cognitive tasks such as reading comprehenson, writing, and problem solving
(Beriter et. d., 1992, Collins e. d. 1991; Schoenfeld, 1985). In cognitive
aoprenticeship, as in traditional gpprenticeship, teaching congss of three badc activities:
modeling, coaching, and fading. Teaching begins by having the student observe the
teecher executing the target process (modding), which usudly involves many different
but rdated subskills. This observation alows the student to build a conceptua mode of
the thought processes required to accomplish the task. Because these thought processes
are usudly caried out interndly, the indructor must externdize these hidden processes

S0 that students can observe them. The student then attempts to execute these processes
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with guidance and hdp from the teacher (coaching). A key aspect of coaching is the
provison of support (scaffolding) in the form of reminders or hep that the Sudent
requires to gpproximate the execution of the entire complex sequence of skills. Once the
Sudent has a grasp of the entire process, the teacher reduces his participation (fading),
providing only limited hints, refinements, and feedback to the student, who practices by

successively gpproximating smooth execution of the entire process.

Researchers in physics education have deveoped a number of ingtructiond
modeds that are desgned to help dudents become more expert-like problem solvers
(Bango & Eylon, 1997; Hdler & Hoallabaugh, 1992; Heller et. d., 1992; Medtre €. 4d.,
1993; Reif & Scott, 1999; Van Heuvelen, 1991b). Mogt of these ingtructiond models can
be thought of in tems of the cognitive agpprenticeship indructiond framework of
moddling, coaching, and fading. There are four basc drategies that are used in these
indructionad modeds:

Students are taught a problem solving framework that heps to externdize the
implicit problem solving drategies used by experts (Cummings et. d., 1999,
Heller & Hollabaugh, 1992; Heller et. a., 1992; Medtre et. d., 1993; Reif & Scott,
1999; Van Heuvelen, 1991b).

“Red” problems are used that require a higher leve of andyss from the students
and discourage poor problem solving practices (Cummings €. d., 1999; Heler &
Hollabaugh, 1992; Heller et. a., 1992; Van Heuvelen, 1991D).

Students work with other students, or with a computer, where they must
externdize and explan ther thinking while they solve a problem (Cummings et.
a., 1999; Heler & Hollabaugh, 1992; Heller et. d., 1992; Reif & Scott, 1999;
Van Heuvelen, 1991a).

Concept maps are used in ingruction to help students understand the relationships
between important concepts and to develop a hierarchicaly arranged knowledge
dructure that is more smilar to that of experts (Bango & Eylon, 1997; Bango et.
al., 2000; Van Heuvelen, 1991).
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Ingtructiond modds using these drategies have been shown to improve students
problem solving skill as well as ther undersanding of physics concepts (Bango & Eylon,
1997; Cummings et. d., 1999; Fogter, 2000; Heller & Hollabaugh, 1992; Heller et. 4.,
1992; Mestre et. d., 1993; Reif & Scott, 1999; Van Heuvelen, 1991b). It is important to
note that none of these indructiond models have the god of making students expert
physics problem solvers after a year of introductory physics The god of these models is
to help students move in the direction of expert-like peformance. It is expected that
sudents will begin to develop a knowledge structure organized around physics principles
(rather than surface features of problem Stuations) and a problem solving approach thet
includes planning and evauating (rather than searching for the appropriate equation and

never evaluating).

It is important to note here that what conditutes a problem is different for
different people. Martinez (1998) defines problem solving as “the process of moving
toward a goa when the path to that god is uncertain” (p. 605). Maloney (1994) uses this
same idea when he makes the didtinction between a problem and an exercise. Typicdly
in introductory physics courses, wha the indructor assigns as problems for the students
are exercises for the ingructor. They are problems for the students because the students
do not know how to proceed when they first look at the problem. On the other hand,
because of his large amount of prior experience, the indructor can immediatdy look a an
introductory physics “problem” and know exactly what to do in order to solve it. As
described earlier (p. 45), Smilar to experts in any subject, these ingtructors do not need to
conscioudy think about what they need to do to perform routine tasks (i.e. solving
physics exercises) — they just know how to do it. Thus, in al phases of indruction
desgned to promote problem solving, the expert thought processes being explicitly
taught are those of an expert solving a red problem where they don't dready know how
to proceed. The processes being modeled are not the (nonexistent) thought processes of a
physcs indructor solving an introductory physics “problem” that he dready knows how
to solve,
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Problem Solving Framework

One of the most prominent features of ingdructiond models designed to hep
novices gpproach physics problems in more expert-like ways is the use of a problem-
solving framework (Heller & Hollabaugh, 1992; Medre et. d., 1993; Reif & Scott, 1999;
Ref et. d., 1976; VanHeuvlen, 1991b). These frameworks provide a genera heuristic
that can guide students in the problem solving process. The purpose of the framework is
to bresk down and make explicit the things that an expert does or thinks about when
solving problems.  The framework provides scaffolding that enables students to envison
the entire problem solving process while, a the same time, sdecting and focusng on the
gpecific decisons that need to be made a a particular point in the process  Although
eech indructiond modd uses a dightly different problemsolving framework, the same
basic pieces of expert performance can be found in each of them. For example, Heller et.
al. (1992) describe a 5-step framework (p. 630).

1. Visualize the problem: Trandate the words of the problem into a visud
representation: draw a sketch; identify the known and unknown quantities and
condraints, redtate the quedtion; and identify a genera agpproach to the
problem.

2. Describe the problem in physics terms: Trandate the sketch into a physica
representation of the problem.

3. Plan a solution: Trandate the physics destription into a mathematica
representation of the problem. Starting from the target varidble, use the
identified physics concepts and principles, to specify the mathematica steps
necessary to solve the problem.

4. Execute the plan: Trandate the plan into a series of gppropriate mathematica
actions.

5. Check and evaluate: Determine if the answer makes sense.  Check that the
solution is complete and that the sign and units of the answer are correct.

Evduate the magnitude of the answer.
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In addition to introducing a problemsolving framework, each of these
indructiond drategies dso gpecifies that this framework should be expliatly taught to
sudents and the ingtructor should mode its use. Students are then typicaly provided
with opportunities to practice and receive hdp in usng the framework (coaching).
Problem solutions that students hand in ae often required to be solved using the
framework. Over time, however, sudents have hopefully internaized the framework and
the requirement that they explicitly use the framework is faded.

“Red” Problems

Heler and Hollabaugh (1992) suggest that typical textbook problems reinforce
novice problem solving drategies. Textbook problems typicdly refer to idedized objects
that have no rdation to the sudents redity. Students are often cgpable of solving these
problems using the novice gpproach of finding an appropriate equation. In order to
encourage students to use the problemsolving framework and develop their problem
solving skills, both Van Heuvelen (1991b) and Heler and Hollabaugh (1992) make use
of more redidic problems.  Although they go by different names (“cortext-rich
problems’ for Heller and Hollabaugh, and “case study problems’ by Van Heuveen), the
features of these problems are smilar. These problems typicaly require more than one
sep to solve, requiring the student to break the problem into parts and then combine the
pats. In addition, these problems may not contain dl of the necessary information (or
more information than needed), requiring Sudents to recognize that information is

missing and make reasonable estimates.

Scaffolded Practice

In order to learn how to effectivdy use and interndize a problem solving
framework, students must practice using it and receive feedback about therr progress. In
addition to just practicing, however, scaffolding and coaching are typicaly provided to
help the dudents achieve success in solving problems usng the problem solving
framework. These ingructional models dso adlow students to take on the role of a coach,
thus requiring them to be able to externdize and explain thar thinking. Ref and Scott

(1999) do this by usng a computer-based tutor in which the student and the computer
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take turns giving directions. The dudent thinking is scaffolded because the sudent is
ather thinking aout the detals (when the computer is giving directions) or thinking
about the entire process (when the student is giving directions), but not both a the same
time. Hdler et. d. (1992) and Van Heuvelen (19918) provide scaffolding and coaching,
in part, by having the students work together on problems. For Heler et. a. (1992),
students, working in groups, are assgned roles (manager, skeptic, checker/recorder) that
reflect the mentd planning and monitoring drategies that individuds mugt perform when
solving problems adone.  Because collaboration digtributes the thinking load among the
members in a group, the entire problem solving framework can be gpplied successfully
ealy in the course to problems on which mogst beginning sudents would initidly fal if
working individudly (Heler et. d., 1992). During this scaffolded practice, experts (i.e.
teaching assidants) ae adso avalable to provide another layer of coaching and
scaffolding when necessary.

Concept Maps

Some indructiond modds focus on devdoping student knowledge that is
hierarchicaly organized around physics principles. Van Heuveen (1991b) does this in
addition to focusng on developing students approaches to problemsolving.  After
sudents have had some experience with a group of related concepts, the instructor
presents a hierarchica chart that shows how these concepts relate to one-another and to
the concepts learned previoudy in the course. Bango and Eylon (Bango & Eylon, 1997,
Bango . d., 2000) focus on the development of hierarchicaly organized knowledge
without focusng explicitly on gpproaches to problem solving. In ther ingructiond
mode, students develop their own explicit representation of the reationships between
physics concepts based on ther experience solving problems. As they solve new
problems (often carefully desgned to highlight possble difficulties), the students refine
and expand this explicit hierarchicd modd of physics concepts.

Summary of Effective Teaching of Problem Solving

There is a large body of evidence tha experts and novices differ widely in their

problemsolving performances.  Experts are different from novices in two key ways.
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Experts approach problems differently than novices and experts have a more efficiently
organized knowledge dructure than novices — Although traditional physics ingruction
does little to change students novice problem-solving approaches or help them construct
knowledge that is organized for effective problem solving, severd indructiona drategies
have been shown to be effective in making such changes.

In order to teach problem solving well, a teacher should have an understanding of
the differences between the ways that experts and novices solve problems and an
undersanding of how to effectivdly teach problem solving. Thus, the interview was
designed to determine what type of knowledge the ingructors have about these aress.
For example, some of the student solutions had expert festures (eg. checking the find

answer) and others had novice features (e.g. not starting from basic principles).
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CHAPTER 3: METHODS
This chapter will discuss the methodologica assumptions upon which this study

was based as wdl as describe the interview tool, the interview participants, and provide a

description of the data analysis.

M ethodology

The methodology chosen for this study was based on smilar methods used in
prior studies of student conceptions of physicd phenomena.  Although the research team
was not familiar with the phenomenographic research tradition (see Marton, 1981,
Marton 1986) while conducting the sudy, the gods and assumptions used were of a
phenomenogrephic nature.  Thus, | will describe the methodology in terms of
phenomenography in an effort to make the assumptions and goas of the study more
coherent for the reader and to facilitate the comparison of this study to other sudies.
This is not the only sudy that has unknowingly used phenomenographic methodology
based on a thoughtful andlyss of the problem a hand and the research gods. Marton
(1981, 1986), in fact, attempts to define this research tradition retrospectively to include a
large portion of Piaget's earlier empirica work. This work by Piaget and the work on
sudent conceptions that followed it have served to guide our thinking while developing
and conducting this study.

Gods of the study

This dudy is the first phase of a larger research program designed to develop an
explanatory modd of physics faculty conceptions about the teaching and learning of
problem solving in introductory cdculus-based physcs. Because there is little prior
information available in this areq, this study was designed to be a generative study (see p.
5). The god of this sudy is to use a smdl sample of universty faculty to generate an
initid explanatory modd of faculty conceptions that can then be tested and modified in
future phases of this research program. The ultimate god of this research program is to
develop a mode that will describe the range and frequency of faculty conceptions of the
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teaching and learning of problem solving in introductory caculus-based physics and the
effect of context variables (e.g. type of ingtitution) on these conceptions.

The research questions for this study are:

1. What ae the generd features of an initid explanatory modd of faculty
conceptions of the teaching and learning of problem solving in introductory
caculus-based physics, and how are these generd features related?

2. For each of the generd features of the explanatory modd:

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

b. What are the quditatively different ways tha these faculty conceptudize
this generd feature?

All  phenomenographic  dudies, including this one take a second-order
perspective (Marton, 1981; Marton & Booth, 1997). What this means is that the object of
gudy is the way in which physics faculty experience the phenomena of the teaching and
learning of problem solving, and not the phenomena itsdlf. In addition, the interest, at
this point, is not on whether the faculty conceptions are “correct” or “incorrect”, but

rather on building amode that describes the types and range of these conceptions.

There is a long tradition of research in science education that seeks to understand
how students make sense of physicd phenomena.  Frequently this research into student
conceptions makes use of dinicd interviews in which students are asked to explan how
they interpret a particular Stuation (e.g., Driver & Eadey, 1978; Wandersee, Mintzes, &
Novak, 1994). Much of this research has been described as being of a phenomenographic
nature (Marton, 1981; 1986). Based on the standard research methods of this research
tradition, this study makes use of a semi-dructured interview based on indructiond
atifacts, and atempts to get physcs indructors to externdize ther thinking about a
vaiety of dtuations related to the teaching and leaning of problem solving.  The
interviews were transcribed and used as the primary data source (Marton, 1986). The

anadyss was openrended and dedgned to ad in the discovery of the organizaiond
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features of the phenomena as the research subjects conceptudize it (Marton, 1986). In
many phenomenographic sudies, the find product of the andyss is a st of categories of
conceptions that describe the quditatively different ways that the research participants
conceive of the phenomena of interest (Marton, 1986; Marton & Booth, 1997). This
study, however, went one step further to condruct an explanatory modd that shows how
these conceptions are related. This model was constructed and explicated using concept
mapping techniques (Novak, 1998; Novak & Gowin, 1984).

Phenomenography

Phenomenography is a research tradition that was developed in the early 1970's
by Ference Marton and colleagues “out of common-sense consderations about learning
and teaching” (Marton, 1986, p. 40). The generad god of a phenomenographic study is to
develop an underdanding of the quditatively different ways that people can think about
(conceptuaize) some specific portion of the world (Marton, 1986). These quditatively
different ways of thinking about a phenomena are often referred to as “categories of
description”. A category of description, then, is a piece of the researcher’'s modd of an
individud’ s conceptions (Bowden, 1995).

There are two basc assumptions that al phenomenographic researchers use to
guide their ressarch.  One assumption is that there are a limited number of quditatively
different ways that people view a particular phenomena. Marton (1986, 1997) argues that
20+ years of phenomenographic research support this assumption. This assumption has
been well supported in many dudies of student conceptions of physicad phenomena in
such diverse areas & smple circuits, the shagpe of the Earth, the nature of gravitation, and
many others (Wandersee et. d., 1994). For example, in a review article, Wandersee «t.
d. (1994, p.182) describes five distinct models of a smple circuit employed by students.
The second basic assumption is that a single person may not express dl aspects of a
conception (Marton, 1997; Sandberg, 1995). As Sandberg (1995, p. 158) writes, “in
some cases a specific conception cannot be seen in its entirety in data obtained from a
gngle individud, but only within data obtaned from severd individuds” — Thus
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phenomenographic researchers combine data from more than one person in order to

better understand the different ways of thinking about the phenomena.

Although phenomenography did not develop out of phenomenology, there are
many smilaities (Marton, 1981). The epigemologica foundetions are the same. For
both research traditions, there is no objective, red world out there. Rather, human
knowledge is based in their conceptions of redity (Sandberg, 1995). Researchers in both
traditions seek to reved the nature of human experience and awareness in order to
understand these conceptions of redity (Marton, 1997). Also, in both traditions, the goa
of the research is to develop a modd that describes the conceptions, not a model that

explains the cause or function of these conceptions (Larsson, 1986).

Although researchers in both traditions seek to describe the subjects conceptions
of a phenomena, there are differences in the types of descriptions that are sought.
Phenomenology seeks to build a modd of the essence of the phenomena.  This essence is
the common set of conceptions that al of the research subjects had about the phenomena.
Phenomenography, on the other hand, seeks to build a modd of the different ways that
people experience the phenomena (Larsson, 1986; Marton, 1997). Thus, in this Sudy, the
main goa is not to undersand wha dl of the indructors have in common in thar
conceptions about the phenomena of the teaching and learning of problem solving.
Rather, the god is to undersand the different ways that these teachers experience the
phenomena.

The two traditions dso differ in the richness of the descriptions sought.  When
describing the essence of a phenomena, phenomenology seeks to capture the richness of
the conceptions.  For the phenomenographer, however, the god is to describe only the
critical aspects of the way that the phenomenais experienced.

Procedure

This sudy conssted of three diginct phases (1) Deveopment of the interview
tool; (2) Scheduling and conducting the interviews, and (3) Andyds of the interview
data
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Development of the Interview Tool

The interview tool was developed over a period of about 8 months beginning in
September of 1999. From the outset, the desire was to modd the interview after studies
of sudent conceptions in which gudents are asked to explan how they interpret a
particular red-world Stuation (see Driver & Eadey, 1978; Wandersee et. d., 1994). In
addition, as described in Chepter 2, like students, instructors conceptions are context-
dependent and different conceptions may be activated in different gStuations (see
Caderhead, 1996). Thus, it was decided that the interview should be based on severd
common dgtuations in which indructors find themsdves interacting with Sudents via
physcs problems.  After some bransorming and discusson, three dtudions were
identified as being dmos universd among physics indructors 1) Indructor makes
avalable example problem solutions, 2) Indructor evauates student solutions, and 3)
Ingtructor assigns problems for students to solve. In addition to being universd, these
three dtuations were quite distinct and could concelvably lead to the exposure of
different conceptions among the interviewees.

In addition to the posshility of dicting different conceptions by varying the
context, prior research suggested that different conceptions might be dicited by varying
the concreteness of the task. Thus, t was decided that, in each interview Stuation, the
questions should range from generd questions (eg. What are your reasons for grading
sudent problem solutions?) to questions based on specific indructiond artifacts (eg.
What grade would you assign to this student solution? Why?).

Basing The Interview Tool on One Physics Problem

Having concrete parts of the interview meant having concrete artifacts for the
indructors to examine. Initidly, it was thought that these arifacts should be based on
different physics problems. It was quickly redized, however, that it would be too time-
consuming for the indructor to become familiar with more than one problem. Thus, it
was necessary to find a problem that could reasonably be given in an introductory physcs
course a dl of the different kinds of ingitutions where interviews were planned and tha

was rich enough to alow for interesting discussons.
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Figure 3-1: Problem upon which interview artifacts were based (Homework Problem)

You are whirling a stone tied to the end of a dring around in a verticad cirde having a
radius of 65 cm. You wish to whirl the stone fast enough so that when it is reased at the
point where the stone is moving directly upward it will rise to a maximum height of 23
meters above the lowest point in the circle. In order to do this, what force will you have
to exert on the dring when the stone passes through its lowest point one-quarter turn
before rdlease? Assume tha by the time that you have gotten the stone going and it
makes its find turn around the circle, you are holding the end of the sring a a fixed
position. Assume aso that air resstance can be neglected. The stone weighs 18 N.

It was decided that the best place to look for such a problem would be on the fina
exams given a the Universty of Minnesota.  In addition to having problems that were
designed and approved by a pand of 56 physcs ingructors, the Physics Department has
a policy of keeping student find exam solutions for 3 years — thus providing a source of
authentic student solutions to the given problem.

Based on an andyss of two years of Univergty of Minnesota find exam
problems, the problem used in the interview (see Figure 3-1) was selected based on the
number of important physics concepts needed to solve it, and on the potentid for students
to work the problem in many different ways. The problem was sent to colleagues at
seved other inditutions to verify that it was one that could concelvably be given to their
dudents. All reports came back that, although this problem was on the hard side, it could
indeed be given to their sudents.

Devdoping Interview Artifacts

As described above, artifacts were used during the interview to bring the
discussion to a concrete level. The development of the interview artifacts was based on
two criteria (1) they had to span the range of common ingructionad practices, and (2)
they had to span the range of problem-solving processes found in the research literature.
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Instructor Solutions

In a review of ingructor solutions posted on the web, it was found that dmost dl
solutions fel into one of two basc types. The fird type is a brief, “bare-bones’ solution
that offers little description or commentary. This type of solution frequently leaves many
of the minor seps to be filled in by the reader. This is the type of solution that is
typicaly found in textbook solution manuas. Indructor Solution 1 was modded after
thistype of solution. All of the ingtructor solutions can be found in Appendix A.

The other common type of solution was more descriptive than the bare-bones type
of solution. In this type of solution dl of the detalls of the solution were expliatly
written out. Instructor Solution 2 was modeled after this type of solution.

The types of ingructor solutions described above, athough providing a good
representation of the range of actua indructor solutions, were missing two aspects of
instructor solutions that are recommended by some curriculum developers (eg. Heler et.
a., 1992; Van Heuvelen, 1991a) based on physics education research. First, both of the
previoudy described solutions proceed from the given information to the desred
information. Research (see review by Madoney, 1994) has shown that problem solvers
typicaly proceed from the desired information and atempt to reae it to the known
information.  Secondly, nether of the previoudy mentioned solutions described why
particular steps were being done by describing an approach to the solution before starting
with cdculations. Thus, Ingructor Solution 3 was cregted that dtarts from the desired
information and that describes the approach first before starting with calculations.

Student Solutions

The sdection of dudent solutions began with an analyss of approximady 250
dudent find exam solutions to the interview problem from one section of Introductory
Cdculus-Based Physics a the Universty of Minnesotas  The solutions were categorized
adong saverd dimensions based on the features of the solutions themselves and a review
of the research literature on expert vs. novice problem solving as described in Chapter 2.
The find st of five student solutions included evidence of knowledge organization

(around surface features vs. genera principles), types of knowledge (eg. declardtive,
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procedurd), types of andyds (eg. quditative, dgebraic manipulations), and generd
decisonrmaking processes (directing towards gods, evduation and revison). They dso

varied in the correctness of the physicsinvolved, as wel as the amount of explanation.

It would have been desirable to have enough student solutions so that each varied
from another on only one dimenson. This, however, would have made the interview
unacceptably long.  In pilot testing, it was empiricaly found that 5 or 6 Sudent solutions
is the mogt that could be examined and graded in the available amount of time. Each of
the solutions in the find st of five student solutions (see Appendix B) differs from the
other solutions in more than one way. Care was taken to dlow the interviewees reactions
to these variations to be as meaningful as possble. For example, sudent Solution D has
dl of the pats of the solution found in Student Solution E, induding the correct find
answer.  In Student Solution E there is not enough information to determine whether the
sudent solved the problem correctly. In Student Solution D, however, it is clear tha the
student mekes two compensating mistakes that lead to the correct final answer.

To hep the indructors quickly assess the student solutions, boxed comments were
added to each solution that described any definite error made in the solution.

Problem Types

The development of the different types of problems used in the interview was
based on an andyss of problem types used in traditiond and innovative courses. In
addition to the Homework Problem, four others were added. There was a problem that
included a diagram and was posed in three sections that required students to solve one
sub problem a a time (Problem A), a multiple-choice problem (Problem B), a problem
that was st in a “red-world” context (Problem C), and a problem that asked for
quditative types of amdyses (Problem D). Appendix C shows the different problem
types asthey were used in the interview.

Pilot Teding of the Interview Todl

The ided interview would be clear, flow wdl, and take less than 1Y% hours to

complete.  More importantly, it would be adle to dicit conceptions from instructors who
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differ in ther practice, levd of expetise in teaching physics, and knowledge of the

physics educetion research literature.

Severd versons of the interview were developed and pilot tested. The pilot
testing included: (1) 4 physcs graduate students;, (2) 1 post-doctora research associate
from another inditution who works in the fidd of physics problem solving; and (3) 2
Universty of Minnesota physcs ingructors who had recently taught the agebra-based
introductory course, but had not recently taught the caculus-based course. After each
pilot interview, the participant was asked about the experience and given an opportunity
to offer suggestions about changes that might make the interview flow better or alow
additiond relevant information to come out. The videotgpe of each pilot interview was
aso viewed by the research team to determine whether it was successful in diciting the
types of information that were desired, and to determine where changes should be made.

A number of refinements were made in the interview protocol during this process
of pilot teing. For example, in the early versons of the interview, the indructors were
asked to solve the problem upon which the interview atifacts were based during the
interview process. It turned out tha, under the pressure of the interview, many
ingructors were unable to correctly solve the problem. In order to avoid this difficulty
without using a trivid problem as the bads for the interview, it was decided that the
problem would be sent to the ingtructors prior to the interview (thus, the problem became
known as the “homework problem”). It was dso found that, in order to keep the
indructors  attention focused for the entire 1% hour interview, there needed to be a
coherent gory line for the interview adong which each question and part flowed smoothly
and logicdly from the previous quesions. To accomplish this, modifications were made
to the interview protocol to change the ordering of the interview dtuations. In addition,
one of the early gods of the interview was to diginguish between the ingructors likes
and didikes about the ingructiona artifacts and compare these to the ingtructors use of
the artifacts. Based on the pilot testing, it turned out to be too cumbersome to completely
accomplish both of these tasks. It was not naturd for ingdructors to distinguish between
liking a particular aspect of an indructiond artifact and using artifacts that contained that
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aspect. Thus, atempts to make this comparison were dropped from some of the

interview Stuaions.

The Find Interview Tool

The find interview conssted of four parts. The firs 3 parts of the interview each
dedt with one of the 3 types of atifacts Each of these parts started with a generd
question about how and why the ingructors use the type of artifact. The artifacts are then
introduced and the interviewee was asked how they compare to the materids actudly
used in ther clases, and to explain therr reasons for making those choices. Each part
concluded by asking the indructor to reflect upon the problemsolving process as
represented in the artifact (eg. What important problem-solving features are represented
in the indructors solutions? Wha processes were suggested by students  solutions?
What processes do different problem statements require?). During the first three parts,
the interviewer wrote an individua index card for eech feature of the problem-solving
process that the instructor mentioned (using the words that the ingructors used). In the
4" part of the interview the ingtructor was asked to categorize the index cards into
categories of their choosing. Severd questions were asked regarding these categories
(eg. “Why do these go bgether? How would you name this category?’, “For a student
who had troubles with each of these categories a the beginning of the course, what do
you think they could do to overcome them?’, “Which of these things is it reasonable to
expect most of your students to be able to do by the end of the introductory caculus-
based physcs course?’). The full text of the interview protocol can be found in

Appendix D.

Scheduling and Conducting the I nterviews
Since the god of this study is to understand faculty conceptions of the teaching
and learning of problem solving in introductory cadculus-based physics, it was decided
that the potentid pool of interview subjects would be limited to those ingtructors who had
taught the introductory caculus-based physics course within the lagt five years.  Further,

gnce there is no reason to expect physcs indructors in Minnesota to be different from
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Table 3-1: Sx interview participants from the University of Minnesots

. Number of Times Taught
Gender Yeagig;??gg' ng an Introductory Calcul%s—
Based Physics Course

Instructor 1 M 10 10
Instructor 2 M No answer 79
Instructor 3 M 2 1
Instructor 4 M 43 15
Instructor 5 M 23 5
Instructor 6 M 30 1

physics indructors in other pats of the United States, the potentia pool of interview
subjects was limited to those who coud be visted and interviewed in a sngle day (i.e
they lived less than a three-hour drive from Minnegpolis, MN as computed by Netscape
on-line driving directions). Each randomly sdected candidate was contected, ether in
person or by telephone, by a member of the research team, and asked if they would
paticipate in the study. Of the 35 ingructors that were contacted, 5 declined to be
interviewed (1 did not want to participate in an NSF-sponsored study, 1 did not want to
participate in a videotaped interview, and 3 cited a lack of time). Our find sample
conssted of 30 ingructors (from the 107 possble) roughly evenly divided between the
following groups 1) Community College Indructors, 2) State College Indructors, 3)
Private College Ingructors, 4) Research Universty Indructors — UMN Twin Cities
Campus.

As previoudy discused, this dissartation will focus on the gx interviews
conducted with Research University Ingtructors. It was decided to start with the Research
Universty indructors snce (1) they dl work in the same environment and, thus, are
likely to hold more conceptions in common than any of the other groups (Barnett €. 4.,
2001); and (2) prior studies (Foster, 2000) and informal contacts due to proximity
alowed the research team to know more about these indructors than any of the other
ingructors.  Table 3-1 provides a lig of the Sx interview participants from the Univerdty
of Minnesota dong with important demographic information.

The interviews were conducted during a period of approximately 1 month (April,
2000). Prior to the interview each indructor was maled a packet that included (see
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Appendix E): (1) a cover leter confirming the interview time and locetion; (2) the
Homework Problem; and (3) the Background Questionnaire. Either Charles Henderson
or Edit Yerushdmi conducted each interview. Before each interview began, the
interviewee was asked to read and sgn a consent form as required by the Human
Subjects Committee (see Appendix F). During the interview a tripod-mounted video
camera was postioned in such a way tha the video recorded the working surface upon
which the interview atifacts were discussed. A bowl of M&M peanut candies was
provided for the ingtructors to snack on during the interview.

Teaching context of interview participants

All sx indructors interviewed for this study had recently taught the introductory
caculus-based physics course a the University of Minnesota and were asked to focus on
this course during the interview. An underdanding of the context in which these
ingructors teach is necessary for understanding the interview results.

During the past 12 years the Physics Education Research Group a the Universty
of Minnesota has introduced sgnificant changes to the dructure of the introductory
cdculus-based physics course (Heller & Hollabaugh, 1992; Hdler, Keith, & Anderson,
1992). The course can be thought of in terms of the three components of lecture,
discusson sessons, and laboratories. The basic Structure of each of these components
was the same for each of the ingtructors interviewed. There are typicaly 5 sections of the
introductory caculus-based physics course that meet a various times throughout the day,
with each section having between 80 and 300 students.

Lecture

The lecture portion of the class met three times a week for 50 minutes in a large
lecture hall with auditorium-style seating. There were no congraints put on the lecturer
as to how this time should be spent. There was, however, a common agreement among

the lecturers as to the genera topics that should be covered by the end of the course.

There would typicdly be 3-4 individud quizzes given each semester during
lecture time. These quizzes would be written by the ingructor or graduate student TAs
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and were dmost dways graded by TAs The find exam for the course typicaly
conssted of 5 problems for students to solve and 20-30 multiple-choice questions. A
common find exam was mutudly developed by the indructors of al 5 sections of the

course.

Discusson Sessons

Discussion sessons met once a week for 50 minutes and were led by TAs. In
discusson sessons, agpproximatedy 18 dudents solve the same problem in smdl,
cooperative groups.  Either the ingructor or the TAs prepared the problem. The
expectation was that the problems used were “red” problems (as described in Chapter 2,
p. 57). The day prior to an individua quiz in lecture, a group quiz would be given in the
discussion sessons.  All students in a group received the same grade on the group quiz.
All TAs recaived training provided by the Physics Education Research and Deve opment
Group about how to write red-world problems, how to arange groups, and how to

manage group discussons.

Laboratories

Laboratories met once a week for two hours. Students who did not pass the
laboratory could not pass the course. The laboratories were taught by the same TA the
dudents had for their discusson sesson and students worked with the same groups.
Students were required to purchase a laboratory manual that was written and developed
by the Physcs Educatiion Research and Development Group. During each laboratory
session, each group was expected to complete one or two laboratory problems. These
laboratory problems typicaly asked the dudents to quantitatively solve a red-world
problem and then compare their answer to results generated in the laboratory. Either the
ingtructor or the TAs decided which laboratory problems should be completed each week.
Every two or three weeks each student was required to write an individua l|aboratory
report for one of the laboratory problems. The TAs graded these reports.  All TAs
received training provided by the Physics Education Research Group about how to grade

laboratory reports, how to arrange groups, and how to manage group discussions.
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Analysis of the Interview Data

This section will describe how the data gathered during the interview were used to
generate an initid explanatory modd of faculty conceptions of the teaching and learning
of problem solving in introductory caculus-based physics. As described by Clement
(2000), there are four levels of knowledge used in the sciences and socid sciences. (1)
Primary-Level Daa (2) Observed Behavior Patterns and Empiricd  Laws, (3)
Researcher’s Explanaiory Modds, and (4) Forma Principles and Theoretical
Commitments. The god of this dudy was to reach the third level of knowledge by
cregting an explanatory modd of faculty conceptions. The levels of knowledge ae
illusrated in Table 3-2 usng Clement's (2000) description of the knowledge developed
from a physica science sudy of gases. This is compared to a piece of knowledge about

the way ingtructors conceive of instructiona resources developed from the current study.

As Clement describes in his explanation of the study of gases, “merdy being able
to make predictions from the empiricd gas law dating that pressure times volume is
proportional to temperature (Level 2) is not equivdent to understanding the explanation
for the behavior of gas in terms of an imaginable explanatory modd of hilliard ball-like
molecules in motion (Level 3). The modd provides a description of a hidden process, or
mechaniam, that explains how the gas works and answers ‘why’ questions about where
observable changes in temperature and pressure come from.  On its own, the empirica
law PV=KT does none of hese things....The modd not only adds sgnificant explanatory
power to one's knowledge but dso heuristic power, which simulates the future growth of
theory” (Clement, 2000, p. 550). In a smilar way, the current study seeks to go beyond a
decription of the patterns found in the interview data (Level 2) to generate an
explanatory mentad modd tha will dlow us to answer “why” questions about where
these patternsin the interview data come from.
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Table 3-2: Four levels of knowledge compared for aphysica science sudy and the
current study. Thistable is based on atable created by Clement (2000, p. 550).

Physical
Science: Science Education: Study of Instructor Conceptions
Study of of Instructional Resources
Gases
4. Formal 1 — Teachers work in a complex environment and have many
T Principles and 5 Nmv perspectives with which they view their work. These
h Theoretical P==2___ | different perspectives often suggest conflicting teaching
o Commitments \ actions.
o (Refers to (note: This is an example of a possible formal principle
; theory of emerging from past research on teachers’ conceptions of
i molecules) teaching and learning, see Chapter 2, p. 50.)
e | 3. Researcher’s | Colliding Instructors have three perspectives about the
S | Explanatory elastic particle | characteristics of the resources they provide students to
Models model help them learn problem solving: (1) their effect of a
characteristic on student learning, (2) the instructor time
required to provide the characteristic, and (3) the match
with student preferred characteristics. Perspectives 2
and 3 are sometimes in conflict with Perspective 1.
2. Observed PV = kT Resource of Appropriate Example Solutions. Subjects
Behavior (Refers to have three perspectives about the characteristics of the
Patterns and observations example problem solutions they write/select/post to help
Empirical Laws | of measuring students learn problem solving: (1) the effect of a
apparatus) characteristic on student learning, (2) the instructor time
required to write/select/post problem solutions with a
specific characteristic, and (3) the match of the solution
characteristics with the characteristics that students
prefer. Sometimes subjects express concern that the
(0] characteristics of problem solutions that have a good
b effect on student learning are also too time consuming to
s write or do not match student preferences.
e
r ....[The same pattern was observed for the two other
% resources of: (a) appropriate problems instructors provide
a for students to solve, and (b) individualized responses
t (feedback) provided while/after students solve a
i problem.]
2 1. Primary- Measurement | Individual instructor statements during the interview about
s Level Data of a single three different types of example instructor solutions:
pressure - “l think Instructor Solution 3 [explicit reasoning]
change in a explains better how choices were made about when to
heated gas use the energy approach versus the force approach.”

(RU5, statement #56)

- “To pick five homework problems, copy the solutions
from the solution manual [which are like Instructor
Solution 1 — bare bones], and get it put on the web
takes about two hours. To use more complex solutions
would take much longer, and | don’t have the time.”
(RUS5, statements #45, 46)
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Initidly it was thought that the andlysis of the interview data would proceed more
or less like an ordly deivered survey. It was soon redized, however, that the interview
data were far too rich and varied for this method of anayss to be effective. After much
experimentation with different andyss methods, a set of categories and categorization
procedures was developed based on a sysdem andyss of the teaching/learning
environment. These categories were used to break down the interview data into units for
further andyss. These units were then categorized and interconnected using concept
map representations.  In this section, | will briefly describe some of the things that were
condgdered and tried in the development of the find andyss method and then describe
the find method in some detall.

Transcription
During July, 2000 a professond was hired to transcribe the audio portion of each
interview.  This transcription was then verified and corrected by a member of the
ressarch team. During this verification, notes about visuad cues were added to the
transcript (eg. what the interviewee is pointing to when he is taking). Paragraph

numbers were also added to the transcript.

Exparimenting With Andyss Methods

Beginning in the Summer of 2000, the research team began to experiment with
different andyds methods in an atempt to find an gopropriate way to handle the data
The process was by no means a linear one, however, an atempt will be made here to
characterize some of the potentid analyss characterigtics that were explored. This period
of experimentation alowed the research team to become familiar with the data and to
explore the types of quegtions that might be frutful to answer usang the data The find
andyss method involved aspects of many of these methods and was greetly asssted by
the familiarity with the data that was gained during this period of exploration.
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Using Units of Action

One of the earliet andyds schemes was to bresk the transcript into units of
action. The unit of andyds was taken to be the smdlest piece of text that can be
rephrased as a statement describing an action of a student or an ingructor. In this scheme
actions could be either externa (observable actions) or internd (thoughts, emotions, etc.).
Each of these units of action was then categorized into a farly eaborate categorization
scheme that included what the action was related to (rdated to solving problems, related
to learning to solve problems, not relaied to problem solving), when the action occurs
(before, during, or after the course), who executes the action (student, instructor), why the
action tekes place (reason give, no reason given), whether the action actudly takes place
(exids, does not exidt, exids under certain conditions, unclear), indructor's attitude
towards the action (postive, indifferent, negative, unclear), type of action (externd,
internd cognitive, interna affective, unclear). Links between units of action were kept
track of when one unit was an example of another unit or when one unit was a reason for
another unit. Each subcategory was then analyzed for the important themes.

The main difficulty with this andyss method was tha it was difficult to rephrase
eech of the interview dSatements as actions For example many times during the
interview ingructors discussed things that they liked or did not like about particular
indructiond artifacts.  Ther likes and didikes did not necessaily correspond to an
action.  Also, dnce the rigid caegorization sysem was based on a theoreticad
underdanding of teaching and learning it did not mach wdl with the ways that
indructors think and thus proved difficult to adequately categorize each ingtructor
Satement.

Argument Structure Analyss

This method was based on Toulmin's argument dructure categories (Toulmin et.
a., 1984; Voss e. d., 1983). Each part of a sentence that could be was categorized as
gther a dam (fundamentd assertion), warrant (reason or generdization supporting the
clam), ground (reason based on experience that supports the claim), backing (support for
warrant based on authority), qudifier (indicates srength, weskness, or conditions upon
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which a clam or warrant 5 applicable), example (example to support a warrant or clam),
or detal (further details about a warrant or clam). These categories were then displayed
diagrammaticdly with each category having its own symbol. This type of andyss was
very detalled and time consuming. Furthermore, it was soon obvious that the ingtructors
frequently made clams without any support. This lack of support was an important
redization, however, one that would best be incorporaied into a different andyss
method.

Usng Teaching Episodes

This method was based on Relf's (19953 Staement of the indructional problem
as one of taking the student from some initid date through a transformation process to
some find date. In this method, the interview was broken into teaching episodes. Each
teaching episode was a discrete train of thought during the interview. Each of the idess
in the teaching episode was then put into one of four categories. initid State of student,
indructor action, student action, and fina sate of student. Each teaching episode was
displayed in four columns, each representing one of the four categories. Attempts were
made to find smilar teaching episodes and group these episodes to arive a a smdl
number of ways that the ingtructor gpproached the ingructiona problem. It was found,
however, that these four categories were inadequate to understand the range and
complexity of the ingructors actions and beliefs. For example, this modd did not dlow
for cyclicd interactions where the indructor would do something (eg. assgn a
homework problem), the student would do something (eg. work on and turn in the
completed homework problem), and the ingructor would do something in response (eg.
give a lecture on the concepts that he noticed students missed in their homework). Also,
as with the other methods mentioned so far, these four categories did not represent the
way indructors think about ingruction. Many times only one or two of the categories
would be used for a particular episode.
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Converging on the Find Andyss Method

Although there are a wide variety of quditative research methods used, most
methods consst of at least three distinct parts (Miles & Huberman, 1994): &) bresking the
text into some sorts of units b) categorizing the units, ¢) looking at the categorized units
in away that increases understanding of the data.

Unit of Andlysis

The unit of andyds used in the find andyss was a single idea expressed by the
interviewee. Hycner (1985) cdls these “units of rdevant meaning” and describes them as
“those words, phrases, nontverbal or para-linguisic communications which express a
unique and coherent meaning dealy differentisted from that which preceded and
folows’ (p. 282). He suggests making al possble units of relevant meaning and then
deciding which ones can inform the research interets and which can be discarded
(Hycner, 1985). Attempts at proceeding in this manner, however, resulted in some
ambiguities in deciding what sections had “coherent meaning”. This ambiguity led to the
production of many units that were not of use in the andyss as well as the missng of
some relevant units.  In order to reduce this ambiguity a categorization scheme was
developed to ad in the making of units of rdevant meaning. A unit of rdevant meaning
(hereefter referred to as a “statement”) is thus defined as a single idea expressed by the
interviewee that fits into the categorization scheme. As suggested by Hycner (1985), the
guiddines for writing these datements were to “crydtdlize and condense what the
paticipant has sad while dill usng as much as possble the literd words of the
participant” (p. 282).

Several categorization schemes were attempted, but it was found that they were
too cumbersome to use effectively, or they faled to capture dl of the information of
interest. The categorization scheme that was findly used was based on a sysem view of
the learning environment. From this perspective, the learning environment congds of
vaious dements (indructors and students) and interactions between these eements
(teeching and learning). This can be shown diagrammaticaly (see Figure 3-2). Based on

this representation the following seven categories were crested. Each category was
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Figure 3-2: Systemn diagram of the learning environment that was used to develop
categories to guide the congtruction of statements from the interview transcript.

Outside
QOutside the Learning Ieartmng
System . system
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Student Other
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created n the form of a question to help keep their meaning clear and, thus, were cdled

Student and instructor
characteristics at the
end of the course

Question Categories:

Question Category #1: What are the possible learning environment inter actions?
These ae any interactions between the participants in the learning environment
within the context of the introductory physics course. These interactions can be
mediated via spoken (eg. lecture, individua conversations) or written materids (eg.
indructor solutions, grading).

Question Category #2: What reasons does the instructor have for his
instructional choices? Of the possble learning environment interactions the
interviewee typicdly indicates that he does choose to initiate some of them and not to
initiate others.  Although the reasons for these choices are not represented in the

diagram, these reasons were of particular interest for this study.
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Question Category #3: What does the instructor think students are like? This
category describes indructor beliefs about what characteristics students have when
they enter the learning environment or while they are in the learning environment.

Question Category #4: What general conceptions does the instructor have about
physics and the teaching and learning of physics? This category describes what
characteridtics the indructor has when he enters the learning environment. These
conceptions can be about physcs, problem solving in physics, the teaching and
learning of physics, or other relevant beliefs. Note that these conceptions are those
that are explicitly stated by the ingructor. Other conceptions will be inferred later in
the andyss.

Question Category #5: What outsde factors influence the learning
environment? Outgde factors are things that influence the learning environment, but
do not come from within the learning environment (eg. time pressures due to other

responghilities, fixed classroom arrangement, etc.).

Question Category #6: What student outcomes does the instructor desire from
the course? How do they compare to actual outcomes? This category describes
ingructor conceptions about what characterisics students should have when they

leave the learning environment and how these characteristics compare with redlity.

Question Category #7: How satisfied is the instructor? [If not satisfied, what
could be done about it? This category describes the indructor's evduation of the
course when he leaves the learning environment.  Along with this evauation of the
course, this category includes possble improvements and reasons given for or agang

such improvements.

Breaking The Transcript |nto Statements

Once the unit of andysis was decided on, the next step was actudly bresking each

transcript into Statements. Charles Henderson and Vince Kuo crested dl of the

datements.  Initidly, both of the researchers worked on making statements out of the

same passages and then compared their work. Upon comparison, differences were
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discussed and an agreement was reached as to what statements should be made. The
criterion for agreement was not that the statements be exactly the same, but rather that
they convey the same information. Initidly the statements agreed a about the 70% levd.
By the end of the firg transcript (Instructor 1), the statements for the entire transcript
agreed at the 86% leve before discusson and a the 100% leve after discussion. By the
end of the second transcript (Instructor 2), the statements for the entire transcript agreed
a the 93% leved before discusson, and again a the 100% levd after discusson. This
pre-discusson level of agreement was consdered to be acceptable and the remainder of

the transcripts were broken into statements by only one of the researchers.

There were severd procedural decisons that were made to assig in the making of
datements. In order for statements to be meaningful on their own, it was often necessary
to add context to a Statement. How much context to add was largdy a matter of
baancing -- keeping enough context so that the statement could be fully understood, but
not to have so much context that the statements become overly long or overly repetitive.
Statements ranged in size from short three word sentences, to more complex sets of 3 or 4

sentences.

Making Statements involves some degree of interpretation. There is dways the
danger of changing the meaning of the inteviewees datement. To minimize this
problem, it was decided that dl statements would be made using, as closdly as possble,
the origind words from the transcript. Also, a code was atached to each statement so
that the origind text from which it came could be easly referred to.  Findly, some parts
of the interview could not be understood (eg. the interviewee stopped taking in the
middle of a sentence before completing a thought). These were left as is and made into
Satements.

The logigics of making daements was aso an important congderation.  After
some initid trids using the qualitative research software N*Vivo, it was decided that the
datements would be most flexibly created, stored, and used in the multi-purpose
goreadsheet Excd. Excd has the advantage of being able to store the statements as lids
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with different columns representing characteristics of the statements.  Thus, tatements
can easlly be sorted into lists having particular characterigtics.

God of Andyss

Once the transcripts were made into datements, the initid andyds plan was to
proceed as described by Marton (1981, 1986) and create groups of Similar statements
within each question category and then give each group a name that characterizes it.
Thus, one or more descriptively named groups within each question category would
characterize each ingructor. Comparisons could then be made between indructors to
identify which groups mogt of the indructors had in common. An anadyss could dso be
done to determine if groups in one question category relate to groups in another question
category (eg. do certan conceptions about students correspond to certain learning
environment interactions). The data could then be displayed in chat form for easy

reference.

This andyss method, dthough sounding promisng when described abstractly,
posed severd problems in actud practicee  The number of groups within each question
category turned out to be condderably larger than the 35 that had been expected. There
was not a lot of smilarity among the 6 ingructors in the groups that were formed in each
question category, and, perhaps most importantly, there were too many connections and
richness in the data that this method did not capture. It seemed as though we were
attempting to brce the data into a scheme that did not fit it well and that did not alow for
useful comparisons among ingtructors. We then began to describe the data
diagrammatically using concept maps.

Representing Data Using Concept Maps

The find andyss method involved representing each ingtructor’s conceptions in a
series of concept maps and then combining these concept maps to form “composte’
concept maps that represented the conceptions of the group of six ingtructors.
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Concept Maps

Concept maps were developed by Novak and Gowin (1984) as a way to
understand student conceptions about physcd phenomena.  In ther traditiond form,
concept maps are a collection of concepts (each concept is typicdly represented by a
angle word) connected by lines representing relationships between concepts (Novak &
Gowin, 1984). The links between concepts are usudly labeed to indicate the type of
relationship. Because the data in this study is very complex, when there was no danger in
doing so, multiple concepts and their linking words (i.e. Statements) were frequently
grouped together in a single box. In Novak and Gowin's concept maps there was only
one type of box that represented all concepts. In our concept maps there were severa
different types of boxes to represent dfferent types of concepts (or groups of concepts) in

order to make more information quickly available to the reader.

Figure 3-3 shows an example of a concept map that resulted from this sudy. This
map is used to describe the model generated for ingtructors conceptions of what student
quaities relate to their success or falure in learning how to solve physics problems.
Sequences of connected boxes and links on the concept map can be read like a sentence
with the arrows indicating the direction. For example, Sarting to the left of the “Some
College Students’ box, the sentence can be read as. “ Some college students who have not
enough naturd ability cannot be helped much by the ingructor and do not learn how to
solve physics problems”  Although the grammar of this sentence is not quite right, the
meaning is cler — the sentence describes an ingtructor conception that some students in
their class do not have enough natural ability to learn how to solve physics problems.

This concept map will be described in more detail later.

83



Figure 3-3: Composite concept map that describes instructors conceptions of " Some
College Students'.
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Concept maps have an advantage over prose writing in that a large number of
interconnections can be represented rather compactly.  Further, concept maps make very
explicit connections between dstatements. Because the god of this study is to generate an
initid explanatory modd, having explicit connections will dlow future studies to confirm
or rglect important links.

Deve oping the Concept Maps

Because of the large amount of information that needed to be contained in the
concept maps, a main map was developed to capture the generd features of a particular
ingructor’s conception(s) of teaching and learning. Each of the genera features on this
main map was elaborated in detall usng “feature’” maps. The concept maps were created
using the software package Inspiration.
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Figure 3-4: Procedure for Developing Feature Maps
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Procedure

The concept maps were developed through an iterative process. Initidly, the
research team spent severa weeks exploring and debating different ways of representing

theinterview data.

After this exploration phase, concept maps were developed using the iterative
procedure shown in Fgure 3-4. Concept maps were first developed separately for each
indructor.  All of these individua concept maps were congructed by either Charles
Henderson or Vince Kuo. This process involved going through each of the interview
gatements and placing it into one or more of the concept maps. It was incorporated into
an exiging map, box, or link whenever possble and added as a new map, box, or link
when the statement expressed an idea not yet represented. In addition, the identifying
number of each statement was added to the concept map box or link as a way to track the
idees and monitor the number of times dmilar Statements were made during the

interview.
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There were an average of 390 datements from each interview. Of these, on
average, 77% were used in the concept maps. Statements that were not placed on the

concept maps were labeled with the reason for their exdusion:

Not Understandable. (9% of statements)
Example “sothisisa, you know...” (RU5, satement #131)
Understandable, but not relevant to this study. (7% of statements)
Example “Students were generdly hdped sgnificantly by their lab grade” (RUS3,
statement #266)
Procedura Talk. (3% of statements)
Example: “Can | write onthis?’ (RU1, Statement #145)

Statements too vague to be placed anywhere. (2% of statements)
Example “I would encourage SSB on some of the things they’re doing here’
(RU3, statement #248)

Socia Tak. (1% of statements)
Example: “Isthis part of the office now?’ (RUL, statement #217).

The percentage of statements in each of these categories was smilar for dl of the

instructors.

Veification of Individua Concept Maps

Once each of the individuad concept maps was complete, the individuad concept
maps were checked for thoroughness and accuracy. This happened in two ways. One
way was that each concept map was checked for clarity by having a researcher not
involved in constructing the map scrutinize the map.  Any problems were reported to the
concept map author adong with suggestions for improvements, often involving evidence
from the daements or interview data  Any dissgreements were mutudly resolved.
Another way that the individua concept maps were verified was based on a comparison
of dl of the feature maps for a particular festure across al of the ingructors. Concepts
that were included in some of the maps but not in others were scrutinized and, when
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warranted, the researcher would return to the statements or transcript to find evidence for
the missing conception or clarify the existing conception.

Deve oping Combined Concept Maps

As Figure 3-4 shows, once dl of the individuad concept maps were completed,
these maps were combined to form a compodte map, which is an explanatory moded of
these indructor's conceptions. The composite maps were crested to show the range of
ideas expressed by the ingructors during the interview. Notations were made on each
idea and link to show which of the sx ingdructors held that particular conception. All of
the combined concept maps were created by Charles Henderson and scrutinized by the
ressarch team. Extensve revisons were done to make the maps understandable by a

variety of possible readers.

Categories of Knowledge/Skill Rdated to Problem Solving

In developing the combined concept maps, it was necessary to develop
meaningful categories to describe the types of knowledge/skill related to problem solving
that the ingructors talked about during the interview. As discussed earlier, throughout
the interview, the interviewer wrote an individud index card for each festure of the
problem solving process that the instructor mentioned. In the 4n part d the interview the
indructor was asked to categorize the index cards into categories of his choosng. An
examinatiion of the results of this sorting task showed that these indructors made very
gmilar categories (a lis of the note cards and their categorization for esch indructor is
shown in Appendix G). This led to the devdopment of four categories of
knowledge/skill related to problem solving that were used in the combined concept maps.
(@ physics concepts (eg. have a good sense of what centripetal acceleration does); (b)
approach to solving a problem (eg. having a srategy and being able to verbaize it); (c)
specific techniques (eg. being able to draw free-body-diagrams); and (d) performance
monitoring (e.g. being awvare of when there is a difficulty).
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|dentifying Quditatively Different Ways of Viewing each Genard Feature

In keeping with the standard goads of phenomenographic research, one of the
main outcomes of this dudy is a set of the quditatively different conceptions that these
indructors have about the particular aspect of the phenomena of the teaching and learning
of problem solving. Thee quditaively different ways of concelving each generd
feature were initidly developed by Charles Henderson based on a comparison of the
different ingtructor concept maps for a particular generd feature. The god of this part of
the andyss was to identify different ways that the ingdructors conceptudize the
phenomena, rather than smply describing one particular way differently, or in more or
less detall. This was a difficult, interpretive process that involved many iterations and

modifications based on discussions with members of the research team.

According to Clement (2000), viability refers to the “explanatory power and
ussfulness of an explanatory modd”. Congdering the viability is a way to address the
question of “how good is the modd?’ In quditative research there is no universd way to
answer this question of the “goodness’ of the research (Creswel, 1994). Other
researchers use different terms to refer to this question such as vdidity, rdiability,
trustworthiness, credibility, etc. (Creswell, 1994; Miles & Huberman, 1994).

Clement (2000) describes four criteria that can be used to evduate the viability of
an explanaiory modd: plaushbility, empiricad support, rationd (nonempirica) support,
and extend vidbility (or “tets over time’). | will discuss the viability of this sudy in

terms of these four criteria

Plausibility.  Clement (2000) describes plaughbility in terms of two criteria
explanatory adequacy and internal coherence. Explanatory adequacy refers to the ability
of the modd to give a plaushle explanation for the empiricd obsarvations (i.e. the
datements made by indructors during the interview). Internad coherence refers to a lack
of contradictions within the modd. The explanaiory modd developed in this study does
meet these criteriaa The modd adequatdy explains dl of the gatements made by the

indructors during the interview. In addition, the plaushbility of the modd was verified by
88



2 experts in the fidd of physics problem solving who were not members of the research
team. Findly, the modd is internaly consgtent. For example, the model does not show
indructors bedieving tha only some college students can learn how to solve physics
problems while, a the same time, showing that all sudents get the appropriate
knowledge.

Empirical Support. Clement (2000) describes empiricd support as the strength of
the connection between the explanatory modd and the empirical observetions. This
drength of connection between the modd and the data can come in two basic ways
through triangulation within the data sat (i.e. multiple observations that support an aspect
of the modd), and through the drength of the connection between an individud
observation and the moddl. Great care was taken throughout the andysis procedure to
enable the rescarch team (and the research audience) to determine the number of
observations that support each aspect of the modd. This was done both at the leve of the
individud ingtructor models and the composte mode. When congructing concept maps
for individud ingructors, the statement number was kept with each box and link. These
daement numbers dlowed the researchers to edtimate how much support existed for
each piece of the concept map and to determine which part(s) of the interview this
support came from. A dmilar sysem was used for the composite concept maps. On
these maps, each box or link (vhen necessary) was labdled to indicate which ingtructor(s)
had that conception.  This information makes it easy to deermine the levd of
triangulation that exigts for each conception in the modd.

In addition to showing the degree of triangulation on the concept maps, notation
was used to edimate the drength of connection between the model and the interview
data When an indructor statement explicitly supported a box or a link (low leve of
inference required) the statement number was placed on the box or link. When no
ingtructor statement explicitly supported a box or a link, but in reading the transcript in
context, the research team viewed it as reasonable to infer that such a box or link exists
(high leve of inference required) a dashed line or the notation “unclear” was used.
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Regardiess of the drength of the connection between the modd and the interview
data, the “red” indructor conceptions were hidden from the research team. Thus, every
box or link on the concept maps required some degree of researcher inference.  One
factor that can weeken the empirical support of this type of interpretive study is the
possihbility of the researcher imposing his own expectaions on the interpretation of data
That is an individud may not be aile to “sed’ certan patterns in the interview data
While this sort of researcher bias cannot be entirely removed, every effort was made to
minimize its effects  This was done by thorough checking and verification of the
developing model by the research team at various key points in the andyss process. As
mentioned earlier, each member of the research team brought a different perspective to
the sudy. It was through discussng disagreements in interpretations that many key
indghts into the data were made. This process of evauation and modification led to the
cregtion of a modd with stronger empirica support than could be accomplished by a

single researcher.

Rational Support: Clement (2000) describes these nonempirica criteria in terms
of the clarity of the modd and its externa coherence. As he suggests, it is important for a
modd to be clearly described and comprehensible in order for it to be a useful tool for
thinking about the phenomena As discussed earlier, this is one of the reasons that
concept maps were used to describe the modd. Concept maps make it clear what the
generd festures and idess of the modd are, as well as explicitly describe the relationships

between these generd features and idess.

Externa coherence refers to the consstency between the modd and accepted
theories. The modd generated in this study can be shown to be consgent with the
results of prior dudies and theoreticd commitments.  This externa coherence is
discussed in detail in Chapter 5 (p. 179).

External Viability: Clement (2000) describes externd viability as the extent to
which the mode can be gpplied to contexts outside the relm of the origind modd. This
indudes such things as genadizability, predictiveness and fruitfulness. These are
“essentidly tests of a modd over time indicating whether a modd leads to further
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productivity in the fied” (Clement, 2000, p. 565). Because this study was concerned
with generating an initid explanatory modd in an aea where little prior knowledge
exised, externa viability was not a god of the sudy. Future studies will need to be done
to determine the externd viahility of thismodd.

An Example to Claify the Andyss Procedure

In this section, | will present an example to daify the andyss procedure. The
example will follow a piece of interview transcript from RU6 as it gets broken into
gatements and then put onto a concept map. Finaly, it will show how this concept map
for RU6 and two other ingtructors concept maps were combined to form a composte

concept map.

Making Statements

After the interview, the audio portion of the interview was transcribed. Figure 3-5
shows a portion of the inteview with RU6. This portion of the interview primarily
informed Map 1 (Some College Students, Figure 3-9, p. 99), which contains qudlities of
sudents tha the ingructor explicitly relates to success or falure in learning how to solve
physics problems. Table 3-3 shows how this transcript was broken into statements.
Recdl that statements were created to inform one of the seven question categories (see p.
79), or when the interview text could not be understood, the text was left “as is’. The
column labded “Quedtion Category” indicates what question category the Statement
informs or “NU” for parts of the transcript that were not understandable.  The column
labded “Used?’ indicates whether the statement was used in one of the concept maps
(“x”) or whether it was excluded for being vague (“V”), not rdevant (“NR”), or not
understandable (“NU”). The find column labded “Where?' indicates what map(s) were
informed by the statement.

Creating an Individua Concept Map

Figure 3-6 shows the complete Mgp 1 for RU6, which contains information from

the statements from the example portion of the interview and other statements from other
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places in the interview. In each box on the concept map and on each link is the statement
number that provides support for that particular idea. Thus, it is possble to track the
ideas on the concept map back through the statements to the origind transcript.  Having
the statement numbers on the individua concept maps dso makes it easy to gauge the
relative drength of a paticular idea. It is clear how many datements provide evidence
for a paticular idea and dso, dince the statements were numbered sequentidly in the
interview, how far apart the satements are. If the statement numbers are very close to
one-another it is likdy that the idea comes from only one tran of thought by the
ingructor. If, on the other hand, the statement numbers are far gpart, it is likely that the

ingructor has referred to this idea in more than one time during the interview.

92



Figure 3-5: A piece of the interview transcript from interview Stuation IV, question #7.
CH isinterviewing RUG.

320: (CH) Ok. I want to talk about two different kinds of students. And looking at your chart (of
student improvement in each of the categories of problem solving between the beginning and
the end of the course) 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
studentsis -- the students who improve during the class and the students that don’t.

322: (RUB) WEéll, | mean, there's certainly alot of categories. First of all, there's the ones that just
don’t care, that aren’t gonna get any better. And of course, there's the other extreme, the
people that really have the intelligence and motivation to look into these things. | think
problem solving in general is something that some people find fun, and some others don’t. |
mean, some people like going through, and | think probably most physicists are in it because
they like doing it. And so | 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. | mean,
I think that’s the sort of sense of wonder sort of thing. | think on the negative end of things
there’'s alot of people that just think all this stuff isjust totally beyond them, they’ Il never be
abletodoit. And therefore they’re not going to try. | 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? | 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. | think that’s the biggest problem with teaching these big general courses, isyou get
that bigger fraction that just don’t care.

324: (CH) Sothatsoundslike sort of a general attitude of some students who are going to come to
class and not care, and there's nothing you can do about them. What about...l imagine that
the students that do care, some of them might do different things during the course to be more
successful than others. What could account for that?

326: (RUB) Weall, I think time. | think every student has the impression that their professor thinks
their classis the only one and that they should spend their whole life on it. And | think some
students do have legitimate problems with maybe having ajob or other things like that, or they
just don’t have the time. And of course there are some that just don’t have the ability too. |
don’t know at what point this gets ingrained, but it seems before we get them in college,
they’ ve either decided they know how to do math or they don't. And maybe they haven’t had
the background. Of course now they have to take all these tests, so you won't hear them
complaining about that.

328: (CH) Do you mean to say that there are those that really could do it but they think that they
can’'t? Isthat what you meant?

330: (RUB) Waell, maybe they could. | mean, there are skill differences and makeup differences. |
think there are people that are just not ever going to be able to do math properly. And so |
wouldn’t discount just the native skills and intelligence from genetics or early background
where alot of these things are developed. So | think there’sthat. And these are tied together,
though. Because | think people want to succeed, they want to perceive themselves as
successful, and so if they’re not good at things, or if they perceive themselves as not good at
things, then they’re not willing to spend the effort on it. And again, | think the idea that
they’'re all taking 3 or 4 other classes is important here too. Because it seems pretty much
human nature to put your effort into the things that you find satisfying and you go on that.
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Table 3-3: Statements made from a piece of the interview transcript from RUG.
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322|294{Well, | mean, there’s certainly a lot of categories. NU \% N/A
322|295|First of all, there’s the students that just don't care, that aren’t 3 X Map 1
gonna get any better.
322|296|And of course, there’s the other extreme (as opposed to 3 X Map 1
students who just don't care), the people that really have the
intelligence and motivation to look into these things.
322|297|I think problem solving in general is something that some 3 X Map 1
people find fun, and some others don't.
322|298|(I think problem solving in general is something that some 4 NR | N/A
people find fun, and some others don't.) | mean, some people (this study is|
like going through, and I think probably most physicists are in it Conggrtned
because they like doing it. with why
people go
into physics
322|299|(I think problem solving in general is something that some 3 X Map 1
people find fun, and some others don’'t.) And so | 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. | mean, | think that's the sort of sense of wonder
sort of thing.
322|300(I think on the negative end of things there’s a lot of students 3 X Map 1
that just think all this stuff is just totally beyond them, they’ll
never be able to do it.
322|301{(I think on the negative end of things there’s a lot of people that 3 X Map 1
just think all this stuff is just totally beyond them, they’ll never Map 3
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.
322|302|Here are these things about... NU NU N/A
322|303|There was a newspaper article that [name?] used to have on NU [ NR N/A
his office a long, long time ago, which was some columnist (lt’Shnort‘C"?af
saying, “why do we have to know algebra anyway? | never see ‘é‘gv% g thie
any want ads for an algebra-doer!” or things like that. example
here or what
it relates to)
322|304|So some people, they have a tendency to disparage what they 3 X Map 1
can't do. And so they won't care about it. | think that’s the Map 3

biggest problem with teaching these big general courses, is you

get that bigger fraction that just don’t care.
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Table 3-3 (continued): Statements made from a piece of the interview transcript from

RUG.
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326|305|Well, | think time (is one factor that accounts for some students 3 X Map 1
being more successful than others).
326(306((Time is one factor that accounts for some students being more 3 X Map 3
successful than others). | think every student has the
impression that their professor thinks their class is the only one
and that they should spend their whole life on it.
326|307|(Time is one factor that accounts for some students being more 3 X Map 3
successful than others). | think some students do have
legitimate problems with maybe having a job or other things like
that, or they just don't have the time.
326|308|(Time is one factor that accounts for some students being more 3 X Map 1
successful than others). And of course there are some that just
don’t have the ability too.
326|309|l don't know at what point this gets ingrained, but it seems 3 X Mapl
before we get them in college, they've either decided they know
how to do math or they don’t. And maybe they haven't had the
background.
326|310|Of course now they have to take all these tests, so you won't NU NU N/A
hear them complaining about that.
330|311|Well, maybe they could. NU NU N/A
330[312|I mean, there are skill differences and makeup differences (in 3 X Map 1
math ability). | think there are people that are just not ever
going to be able to do math properly.
330|313l wouldn’t discount just the native skills and intelligence from 3 X Map 1
genetics or early background where a lot of these things (like
math ability) are developed.
330|314|And these are tied together, though. Because NU NU N/A
330|315|I think people want to succeed, they want to perceive 3 X Map 3
themselves as successful, and so if they’re not good at things,
or if they perceive themselves as not good at things, then
they’re not willing to spend the effort on it.
330|316l think the idea that students are all taking 3 or 4 other classes 3 X Map 3

is important here too. Because it seems pretty much human
nature to put your effort into the things that you find satisfying

and you go on that.
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Fgure 3-6: RUG6 Individud Map 1 (Some College Students)
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Combining Concept Maps

Figure 3-6 shows the individud Map 1 for RU6. In a gmilar way, individua
maps were condructed for dl of the indructors. The individua Map 1 for RU3 and RU4
are shown in Fgure 3-7 and Figure 3-8 respectively. These individud maps, dong with
the individua maps from the other three indructors, were combined to get the composite
Map 1 shown in Fgure 3-9. Note that in combining the concept maps the goad was to
combine individua indructor ideas when they seemed to have the same conception and
to leave the ideas separate when they seemed to have different conceptions.  The wording
used on the composite concept maps is the wording that the research team believes can
convey the ingtructor conceptions most accurately and most compactly.

As an example of this process, condder the path to the left of the “Some College
Students” box on each of the individua concept maps. RU6 (see Figure 3-6) describes a
group of sudents tha he cdls “lower” who “don’'t have the ability”, have “poor math
background” and who he hopes can learn “a little bit” about how to solve physics
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problems. RU3 (see Figure 3-7) describes a group of students that he cdls “hopeless’
whom the indructor cannot influencee. RU4 (see Fgure 3-8) describes a group of
gudents that he cdls “hopdess’ who lack intringc taent and will not learn how to solve
physics problems. These three ingructors al seemed to be describing the same thing —
that there is a group of students in their class who lack some sort of natura ability and
who won't learn how to solve physics problems. This led to the cregtion of the path to
the left of the “Some College Students’ box on the composite map (see Figure 3-9).
Notice that in the “not enough naturd ability” box on the composte mep that RU3 is
shown as “uncler”. This is because on the individua mep for RU3 (see Figure 3-7), it is
implied, but not explicitly sated that these students who are “hopdess’ are hopeess
because of a lack of natura ability rather than some other cause. RUZ2, RU4, and RU6
explicitly identify the lack of naturd ability as the reason that these students will not
learn how to solve physics problems.

As discussed earlier, the composite concept maps were initidly created by
Charles Henderson and then evauated by al of the members of the research team. The
research team then discussed the maps and decided what modifications should be made.
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Figure 3-7: RU3 Individua Map 1 (Some College Students)
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Figure 3-8: RU4 Individua Map 1 (Some College Students)
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Composite Map 1 (Some College Students)

Figure 3-9
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Summary
This sudy was a phenomenographic sudy involving sx physics indructors from
the Universty of Minnesota who had recently taught the introductory caculus-based
physics course.  The interview was designed around three types of concrete ingructiond
atifacts that were dl based on a sngle introductory physics problem and included both
generd quedtions about teeching and learning in introductory caculus-based physics and
questions rdlating to a particular indructiond artifact or teaching Situation.

The interviews were transcribed and each transcript was  broken into
goproximately 400 statements that captured the information relevant to this study. Based
on these statements, concept maps were constructed for each instructor that showed how
he conceived of the teaching and learning of problem solving. These concept maps were
organized around a main mgp that contained the generad features and a set of festure
maps tha provided further explanaion of each of these generd features. Once this task
had been completed for each ingtructor, the individua concept maps were combined to
form composite concept maps. These composite maps then represented the range of
ideas expressed by the six ingructors. Findly, based on the composite maps, a set of
quaitatively different ways that these indructors think about each genera feature was
developed. The concept maps provide a detailed, visua modd of how these instructors
conceive of the phenomena of the teaching and leaning of problem solving in
introductory cdculus-based physcs.  The lig of quditatively different ways of viewing
each generd fegture provides a more generd understanding of how these indtructors

conceive the phenomena.
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CHAPTER 4: RESULTSAND CONCLUSIONS

The god of this dudy is to generate an initid explanatory modd of the
conceptions that physics faculty have about the teaching and learning of problem solving
in introductory cadculus-based physics. This mode is described by a set of concept maps
that were designed to show the type and range of conceptions held by the six ingructors
that were interviewed. As discussed in Chapter 3, the main god of this study is not to
understand these six ingructors in great detail (dthough, it could be argued that this was
done), rather the god is to describe the range and nature of the conceptions that these six
ingructors expressed and to begin the process of deveoping a modd of faculty
conceptions about the teaching and learning of problem solving in introductory calculus-
based physics.

This chapter will present each of the concept maps, one a a time, dong with a
discusson of what types of information are included on the map. A written description
of each map will aso be included that highlights the important festures of the map.

Concept Maps

As discussed in Chapter 3 (p. 82), concept maps were developed by Novak and
Gowin (1984) as a way to modd student conceptions about physicad phenomena
Concept maps consgst of a collection of boxes that contain words describing a particular
concept and arows linking these boxes that contain words describing the relaionship
between the boxes. Idedly, a particular path on a concept mep can be read like a
sentence by reading the words in the boxes and on the links of a particular path.
Sometimes, because severa different links may be made to a single box, the verb tense or
other features of a sentence may not aways follow the grammaticd rules of the English
language. Nonethdess, the meaning of the sentence should till remain evident.

The other feature of a good concept map is that the organization of the map
provides information to the reader without requiring that any of the specific boxes or
links be read. The kind of information that can be found in the organization of a concept
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map includes things such as how many different ways faculty view the rdevant festure

and which boxes are of primary importance and which boxes contain minor details.

Concept Map Symbols

There are severd different types of boxes and links that are used in the concept
maps. These are desgned to asss in the readability of the maps and dso to differentiate
between ideas and links that can be clearly attributed to the ingtructors and those that are
imposed or inferred by the research team. The key to these symbols is presented in
Figure 4-1 and the different symbols are briefly described below:

Double Box: The double box contains an important festure from the Main Map

that is elaborated in a festure map. Each important feature is numbered for easy
reference.

Dashed Line: The dashed line connects two boxes when no explicit instructor
datement was made to support the link, but in reading the transcript in context,
the research team viewed it as reasonable to make the inference that such a link

exigs (i.e. ahigher level of researcher inference was used).

Solid Line: The solid line connects two boxes when one or more explicit
ingructor datements were made to support the link (.e a lower levd of

researcher inference was used).

Capital Letters. Capitd letters are used to refer to categories of knowledge/skill
related to problem solving. The four categoriess PHYSICS CONCEPTS,
APPROACH TO SOLVING A PROBLEM, SPECIFIC TECHNIQUES, and
PERFORMANCE MONITORING, were based on the categorization of cards by
the ingructors in the fourth part of the interview. Chapter 3 (p. 87) contains more
details about how this was done and what the categories mean.

Box With Side Strips: A box with sde srips identifies ingtructor reasons thet are
based on perceived congtraints.
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Box With Dark Strip: A box with dark drip identifies ingtructor reasons that are
based on consderations of student learning.

Faded Line and Faded Box: A faded box connected by a faded line indicates a

reference to another map.

Cloud Box: A cloud box indicates an indructor idea or interviewer comment that
is not consdered to be a pat of the map, but that adds some additiond
information that is interesting or potentialy useful in interpreting the map.

Thick Line Box: The thick line box represents an idea that was expressed by two
or more of the sx indructors interviewed. It was assumed that while an idea held
by only one ingructor may be idiosyncratic and thus not of interest for this study,
an idea hdd by more than one indructor was likely an idea that would be found in
some reasonable percentage of a larger sample of ingtructors (i.e. thick line boxes
have a higher viability in the modd).

Thin Line Box: The thin line box represents an idea that was expressed by only
one of the sx indructors interviewed. As discussed above, this idea may be
idiosyncratic to this individud indructor (i.e thin line boxes have a lower
viability in the moddl). These boxes remain on the maps, however, because with
such a smdl sample, an idea expressed by only one ingtructor could become an
important part of the explanatory modd when tested with a larger sample of
indructors.  Also, as discussed in Chapter 3, due to the exploratory nature of the
interview it was not expected that each indructor would express his complete
conceptudization of an idea Thus in some cases these thin line boxes may
represent different aspects of the same idea as expressed by different instructors.

In order to adlow the reader to be able to make his own judgment of the leve of

empirica support for each part of the explanatory modd, each box contains information
about which ingtructors expressed that particular idea during the interview. The notation
“RUT" for ingructor 1, “RU2" for indtructor 2, etc. is used to indicate that an idea is wdll

supported by at least one explicit indructor dtatement (i.e. a lower level of researcher
inference was used). The notation “RU1-unclear” is used to indicate that an idea is not
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well supported by a least one explicit indructor dtatement, but that in reading the
transcript in context it is reasonable to make the inference that such a link exids (i.e a
higher level of researcher inference). Links are only labded with ingructor identifiers
when necessry to avoid confuson. An ingructor identifier of “unclear” on a link means
the same thing as a dashed line and is used when the link is “clear” for some ingtructors

and “unclear” for others.
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Figure 4-1: Concept Map Symbols
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Main Map
The first research question relates to the most generd level of the modd that was
identified in this study:
1. What are the generd features of a viable explanatory modd of the conceptions
that a smdl sample of universty faculty has about the phenomena of the

teeching and learning of problem solving in introductory caculus-based
physics, and how are these general festures related?

The Man Map (shown in Figure 4-2, p. 109) contains these generd features.
Each of these generd features will be discussed in more detail later. There are, however,
severd important characteristics of the Main Map that will be discussed here.

Who Can Learn?

I nstructors think that only some college students (not all college students) learn
how to solve physics problems while taking their class. As discussed in more detall
laer, dl of the indructors had the conception that a lack of natura ability or having
characterigtics detrimental to learning can prevent a sudent from learning how to solve

physics problems.

Student Engagement in Learning Activities

Students learn how to solve physics problems by engaging in learning activities
and their adility to engage in leaning activities is affected by their current date of
learning characteristics and knowledge/skill related to problem solving.

Instructors have three qualitatively different types of learning activities that
students can engage in to learn how to solve physics problems. Working on problems
(Path A), Using feedback while/after working on problems (Path B), and
Looking/listening (Path C). Five ingructors have dl three conceptions. One instructor
has only conceptions of Path A and Peath B.

1. Working on Problems (Path A). Students can learn how to solve physics
problems by working on appropriate problems. According to this conception,
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working on a lot of problems often cdled practicing, can lead to the
development of certain aspects of the gppropriate knowledge. In this learning
activity, no feedback is required in order for learning to take place. The
learning tekes place solely because of the working itsdlf. All indructors have
this conception.

2. Using Feedback While/After Working on Problems (Path B). Students can
learn how to solve physics problems by usng feedback while/after working
on gppropriate problems. According to this conception, the use of feedback
can lead to the development of certain aspects of the appropriate knowledge.
Feedback can be used by students while working on an appropriate problem
(i.e. coaching) or after working on an appropriate problem (eg. deayed
feedback in the form of grades on a written problem solution, which are
individudized responses, or gppropriaie example solutions that show how the
problem could be solved). Although working on problems is important, the
learning takes place through the use of feedback. The working is only
necessary to produce something upon which feedback can be provided. All

ingtructors have this conception.

3. Looking/Listening (Path C). Students can learn how to solve physics
problems by looking a appropriate example solutions or lisening to lectures.
According to this conception, looking and/or listening to a presentation of an
gopropriste example solution (eg. the ingtructor working a problem on the
board during class) or to a discusson of problem solving techniques or
drategies (eg. the indructor discussing how to draw a free body diagram) can
lead to the development of certain aspects of the appropriate knowledge. Five
of the ingtructors have this conception.

[ngtructor Management

Ingtructors see their role as managing the sudents while they are engaged in
learning activities. In making management decidons, indructors often  mentioned
condgdering the students current state (eg. how likely the students in a class are to
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understand a particular explanation based on their current knowledge of physics). All of
the indructors, on occason, dso reflected on ther teaching Stuation or management
decisons that they had made in the past. These reflections often had an influence on
thelr current management decisions.

Instructors have three qualitatively different ways that they manage students
engagement in learning activities: Providing resources, setting constraints, and making

suggestions. All ingructors have al three conceptions.

1. Providing Resources. Management involves providing resources for students
to use while they engage in learning activitiess Common types of resources
provided include appropriate problems, individuaized responses, appropriate

example solutions, and lectures.

2. Setting Constraints. Management involves sdting  condraints  that
encouragerequire students to do certain things that the instructor thinks would
be hdpful for them to do when learning how to solve physics problems.
Setting a congraint does not usudly force a student to engage in a particular
activity, but makes it difficult or awkward for the student not to. Instructors
st condrants when they do things like collect student problem solutions or
dlocate classtime for students to work in small groups.

3. Making Suggestions. Management involves suggesting that sudents do
cetain things that the indructor beieves would be hdpful for them to do
when learning how to solve physics problems. For example, many of the
indructors interviewed did not collect homework problems, but rather
suggested that students try to work certain problems on their own.  Instructors
adso described making suggestions about what students should do to succeed
in the course (eg. compare ther test solutions to the appropriate example
solutions).  Many indructors said that they did not think the students in ther
class frequently followed these suggestions.
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: Man Map

Figure 4-2
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Feature Maps

The second research quedtion relates to understanding more details about the
generd features of the explanatory modd:

2. For each of the genera features of the explanatory modd:

a Generate an explanatory modd of the conceptions (the idess and the
relationships between ideas) that are used by these faculty to understand
this generd feature.

b. Genegrate a smdl st of quditatively different ways that these faculty make
sense of each of these generd feature.

The festure maps contain these detalls. In this section | will present and discuss
each of the 14 feature maps.

Map1l: Some College Students
Map2:  SolvePhysics Problems
Map3: Students Current State
L earning Activities Cluster
Map4: Sudat BEngegamatinLeaming Adivitiesof Warking (Path A)
Map5: Sudat BEngegamat inLeaning Adivitiesof Usng Fesoheck (Path B)
Map 6: Sudat BEngegamatinLeaming Adivitiesof LoockingLigening (Path C)
Resour ces Cluster
Map7: Resource of Appropriate Problems
Map9: Resource of Appropriate Example Solutions
Map 8: Resource of Individualized Responses
Management Cluster
Map 11: Management of Students Engagement in Leaning Activities of
Working (Path A)
Map 12: Management of Students Engagement in Leaning Activities of
Using Feedback (Path B)
Map 13: Management of Students Engagement in Leaning Activities of
Looking/Listening (Path C)
Map 10: Appropriate Knowledge
Map 14: Reflection on Teaching
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Some of the feature maps are too large to fit on a single page. When this is the
case, | will firg present a “short” verson of the festure map followed by the complete
verson. The short verson contains fewer details than the complete verson and fits on a
gngle page. The short verson is desgned to show the structure of the festure map and

allow the reader to find the details on the complete verson.
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Map 1. Some College Students

This mgp (shown in Figure 4-3, p. 114) contains quaities of students that the
indructor explicitly relates to success or falure in leaning how to solve physcs

problems.

All instructors view the relevant feature of Some College Students in the same
way. Students success in learning how to solve physics problems depends on their
intelligence/natural ability. Even when students have enough natural ability, their
success depends on other characteristicsrelated to learning.

Naturd Ability

The map shows that there are two types of student characterigtics that instructors
use to describe whether a student will succeed or fal to learn how to solve physics
problems. The firsd of these student characterigtics is natural ability. Some students in
the class do not have enough naturd ability. For these students, the ingtructors think that
there is not much that can be dore to help them and that they will not learn how to solve
physics problems. For example, RU4 dated: “There's a good sized share of the class that
you're not going to be able to change” (RU4, datement #392). Other students in the
class, however, are seen as having more than enough naturd ability. Indructors bdieve
that these dudents will learn how to solve physics problems regardless of what the
ingructor does.  The third group of students is seen as having enough naturd ability. For
these dtudents, whether they learn or not depends on their characteristics related to

learning.

Learning Characterigtics

There are some dudents who have beneficid learning charecteristics  These
gudents will learn how to solve physics problems. One beneficid learning characteristic
is being motivated/hard working. For example, RU5 dated: “Some of the success
depends on how hungry sudents are; how much they are willing to put themseves out
for it; how motivated they ae’ (RU5, staement #399). Other beneficid learning
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characterigtics include having good sudy habits, beneficid persond characteritics, and
an interest in physics. For example, one of the persona characteristics that RU1 related
to a sudent’s success in the course was “being outgoing so they can tak to ether ther
classmates or the teaching staff” (RU1, statement #363).

There are other students who have detrimental learning characteristics.  These
dudents will not lean how to solve physcs problems Detrimentd  learning
characterigtics include such things as not caring about the classnot being hard working,
having poor study habits, detrimental persond characterigtics, and no interest in physics.
For example, RU3 described a poor study habit as the tendency of most students not to
“actudly look at the problem solutionsthat | post” (RU3, statement #33).
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Map 1 - Some College Students

Figure 4-3
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Map 2: Solve Physics Problems

This map (shown in Fgure 4-4, p. 117) contains indructor conceptions about the
process of solving physics problems.  All sx ingructors have the conception that the
process of solving physics problems requires usng an understanding of PHYSICS
CONCEPTS and SPECIFIC TECHNIQUES.

There are three qualitatively different ways that instructors characterize the
problem-solving process. A linear decision-making process, a process of exploration
and trial and error, and an art form that is different for each problem. Eachingructor

had only one conception of the problem solving process.

1. A linear decision-making process. Three of the ingructors saw problem solving
as a linear decison-making process where PHY SICS CONCEPTS and SPECIFIC
TECHNIQUES are used in a complicated way to determine what to do next.
From this point of view, problem solving involves making decisons but the
correct decison is dways made. There is no need to backtrack. The three
ingructors with this conception of problem solving expressed varying degrees of
detall about the problemsolving process. However, dl of these conceptions are
vague. For example, these indructors dl sad tha an important step in the
problem solving-process was deciding on the physics principles. None, however,

clearly explained how this was done.

2. A process of exploration and trial and error. Two of the instructors saw problem
solving as a process where an understanding of PHY SICS CONCEPTS is used to
explore and come up with possible choices that are then tested. The conception is
that making mistakes and having to backtrack is a natura part of problem solving.
For example, RU1 sad that “solving a problem is not a logical process — there's
something that you have to guess and then use trid and eror” (RU1, Statement
#27). Although these indructors were able to describe the problem solving
process in more detail than those in the previous group, there were ill some
aspects that were not fully explaned. For example, both ingructors seemed
unclear about how a student should come up with possible choices to try. Both
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seemed to think that it involved more than random guessng from dl of the
concepts that had been learned in the class, but nether articulated how an
understanding of PHYSICS CONCEPTS was used to come up with possible

choices.

3. An art form that is different for each problem. One instructor, RU4, described
the problemsolving process as atfully crafting a unique solution for each
problem. He sad that “solving physics problems is an art and we should think of
it as an at. It does not necessarily dways yidd effectively to paint-by-numbers.
Each physics problem has a kind of dyle to it, a geschtdt to it, that is it's own
paticular style, it's own paticular dtuation” (RU4, dsatement #100, 101). He
provided no details about how a student should go about doing this.

Two of the indructors explicitly disinguished between the way experts (i.e. the
ingructor) and dudents solve problems. To these ingtructors, experts have specid
approaches and/or knowledge that students do not have. In addition, three of the
ingructors explicitly diginguish between the solution process and the reflection of that
process in a written solution. The conception is that the written solution does not
accuratdy reflect dl of the thought processes that went into solving the problem.
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Figure 4-4:

2. Solve Physics|
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Map 3: Students Current State

This mgp (shown in Fgure 4-5, p. 120) contains ingtructor conceptions about the
characteridics of Sudents that are typicaly found in his introductory caculus-based
physics classes. Unlike Map 1 (Some College Students), this map (Students Current
State) contains all student characteristics that instructors used to describe the students in
their class. Map 1 (Some College Students) is not a subset of Map 3 because ingructors
would often tak about a student characteristic that was important in thelr success or
falure in the dass without indicaiing whether dudents in their class typicdly had this
characteristic. For example, on Map 1, RU2 relates a student’s lack success in the course
to not having an interest in physics, “students may be required to take the physics course
and so they rgect it as much as they can” (RU2, satement #41). RU2, however did not
give any indication aout how many dudents without an interest in physcs he might
expect to find in atypica introductory caculus-based physics class.

All instructors view this relevant feature the same way. Students in their
introductory calculus-based physics course have a mixture of beneficial, detrimental,
and neutral personal characteristics related to learning, as well as poor
knowledge/skills related to problem solving.

Persona Characteristics Related to Learning

All  indructors mentioned dudy habitdskills as an  important persond
characteridtic.  Detrimental sudy habitg/skills were mentioned by five indructors and
included the conception that many <udents don't use indructor problem solutions
aopropriatdly.  Beneficid dudy habityskills were mentioned by three ingructors, and
included the conception that a lot of students learn how to gpproach certain problems by
looking at the gppropriate example solutions and that students tend to form study groups.
Five ingructors dso included student beliefs about learning physics as being an important
persona characterisic. These were most often seen as detrimenta to learning, and
included the conception thet many students don't redlize that physics is hard and requires
a Subgantia amount of work. Three indructors mentioned motivation as a persond
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characterigtic of <Sudents. The most common ingructor conception about Student
motivation is the expectation that some students will argue about ther quiz grades. All of
these motivationad persona characteristics were viewed by the ingructors as neutrd. The
indructors have to be aware of the motivationa characteristics when teaching, but the
characterigics are neither beneficiad nor detrimentd by themsdves. For example, the
Sudent tendency to be motivated by grades is not something that these ingtructors
described as helping or hindering students in learning to solve physics problems. It was,
however, something that these ingtructors redlized that they had to dedl with.

Knowledge/Skill Related to Problem Solving

The ingructors described student knowledge/skills related to problem solving as
being poor. All ingructors described students as having poor knowledge/skills of how to
APPROACH TO SOLVING A PROBLEM. Three indructors attributed this to students
lack of experience in solving physcs problems.  Five indructors described student
knowledge of PHYSICS CONCEPTS as being poor. For three instructors this smply
meant that students sarted off in the class with little physics knowledge. Four ingructors
described student knowledge/skill of performing SPECIFIC TECHNIQUES. All four
identified SPECIFIC TECHNIQUES that they expected students to be poor at, but two
aso described SPECIFIC TECHNIQUES that they expected students to be good at.
Although these ingtructors teach the same population of students, RU1 describes student
agebra skills as poor and RU4 describes student algebra skills as good.
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Map 3 (short) - Students Current State

Figure 4-5
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Map 3 (part 2) - Students Current State

Fgure4-7
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Learning Activities Cluster

As described for the Man Map (p. 106), five ingtructors conceptudize three
diginct ways that students can learn how to solve physics problems. by working on
problems (Path A) to get the appropriate knowledge, by using feedback while/after
working on problems (Peth B) to get the appropriate knowledge, or by looking/listening
(Path C) to get the appropriate knowledge. One ingtructor has only conceptions of Path A
and Path B. Each of these learning activities maps describe ingdructor conceptions of
what sudents should do to learn how to solve physics problems. In describing these
learning activities, the indructors never described any concrete mechanism by which
these activities would help students learn how to solve physics problems. Thus, the term
“to get” was used to describe how the ingructors conceptuaize the connection between
the learning activities and the appropriate knowledge (see Appropriate Knowledge Map,
p. 167). The research team was not able to develop a modd of how the ingtructors
conceptudize this connection.  This may be because of limitations in the interview or the
andyds. It may dso be because indructors only have a vague conceptudization of this
connection and the use of “to get” accurately reflects this vagueness.

Map 4: Student Engagement in Learning Activities of Working (Path A)

This mgp (shown in Fgure 4-8, p. 125) contains ingructor conceptions about
what dudents should do to learn how to solve physics problems by working on
gopropriate problems to get the appropriate knowledge. The defining feature of this path
is tha learning takes place solely because of the student activity of working on problems.
No external feedback is required.

All instructors view thisrelevant feature the same way. Students can learn how

to solve physics problems by working on appropriate problems.

This working on appropriate problems is frequently referred to as practicing.
Three of the indructors did not provide any information about practicing except that it
can be helpful for students to do in order to get certain types of appropriate knowledge.
For example, RU3 said, “I think that it [APPROACH TO SOLVING A PROBLEM] is
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built by practice — the students will obtain it by practice’ (RU3, satement #382). The
other three ingructors provided more information about practicing. Two ingructors
suggested that the god of practicing is to generdize certain aspects of the appropriate
knowledge from the particular problem that the student is working on. They suggested
that this can be done by the student who is working on an agppropriate problem by
clarifying to himsdf why he is doing each sep and not something else. Two indructors
aso described a drategy for sdecting appropriate problems to solve.  According to these
ingructors, a student should ask himsdf whether they know how to solve a particular
problem. If they dready know how to solve it, then there is no reason to write out a
solution. It was unclear to the research team whether RU2 was only describing a method
for sdlecting gppropriate problems to solve or whether he was dso suggesting that a
sudent can get some of the knowledge/skills of the APPROACH TO SOLVING A
PROBLEM through the act of asking himsdf whether he knows how to approach a
particular problem.
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Figure 4-8: Map 4 — Student Engagement of Learning Activities of Working (Path A)
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Map 5: Student Engagement in Learning Activities of Using Feedback (Path B)

This mep (shown in Fgure 4-9, p. 128) contains ingtructor conceptions dout what
students should do to learn how to solve physics problems by using feedback while/after
attempting to solve an appropriate problem. The defining feature of this path is that the
learning takes place directly from the feedback. Working on problems is important only
because it produces something upon which feedback can be provided.

There are two qualitatively different ways that instructors think students can
use feedback to learn how to solve physics problems. using delayed feedback and using
real-time feedback Four ingtructors had both conceptions and two ingructors had only
the conception involving delayed feedback.

1. Students can learn how to solve physics problems by working on problems
and then using delayed feedback. All of the indructors interviewed believed
that dudents could learn how to solve physics problems by working on
problems on their own (eg. for homework or a test), and then looking a
gopropriste example solutions.  All of the ingructors suggested that students
should compare ther solutions to the appropriate example solutions in an
effort to andyze their misakes. One indructor added that students should
focus on the sructure of the problem rather than focusing on the details of the
paticular problem. Although dl of the indtructors saw this use of appropriate
example solutions as being an important way that students learn how to solve
physics problems, three do not think that students typicaly use therr solutions
in the most productive way. Thelr conception is that students do not actudly
put in enough effort to try a problem before looking at the solution. One of
these ingructors aso has the conception that most students do not actualy
look at the appropriate example solutions, and that those who do look usudly
focus on the deails of the particular problem rather than focusng on the
generd dructure of the problem. For example, RU3 sad, “The mgority of
dudents actualy don't look a the [appropriste example] solutions that |
pos....A large fraction of students who do look a my [appropriate example]
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solutions are focusing too much on the very problem a hand — What is the

gpeed? or How high will it go? — as opposed to the structure of the problem”
(RU3, statement #33, 38).

In addition to usng the ddayed feedback of appropriate example
solutions, two indructors suggested that students should use the delayed
feedback of graded tests to learn how to solve physics problems. Graded tests
were mainly seen as a way for students to know whether or not they had
actudly gotten the appropriate knowledge.

. Students can learn how to solve physics problems by working on problems
while being coached by the instructor or other students. Four of the
ingructors had the conception that student use of red-time feedback while
working on problems can help students learn how to solve physics problems.
They typically described this red-time feedback as “coaching”. Coaching is
something that students should initiate by working on problems with other
dudents or by coming to office hours to get assstance from the ingtructor.
For example, RU5 dated, “When sudying, students need to try to do the

problems by themsdves fird, then they need to tdk with other Students’
(RU5, statement #383).
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Map 6: Student Engagement in Learning Activities of Looking/Ligening (Path C)

This map (shown in Fgure 4-10, p. 131) contains ingructor conceptions of how
gudents learn how to solve physics problems by looking and/or ligening. The defining
feature of this path is that learning can take place without the student needing to work on
problems.  Fve indructors think that students can learn by looking/ligening.  One
ingructor, however, does not think that students can learn how to solve physics problems
by looking/ligening.  This indructor, RU4, strongly expressed his conception that
learning to solve physics problems requires working on physics problems. He sad, “I'm
afrad we have cases of sudents who smply go and maybe not even make an attempt at
these problems, but go and look a the solutions and read them and say, OK now I've
read, or sort of gone through solutions for 50 problems, | know the physcs. When, in
fact, what they’'re doing is merdy marking time with the person who wrote the solution”
(RU4, gatements #20, 21). RUL had a weaker verson of this conception. He suggested
that, although a Sudent might get something from looking & an gppropriste example
solution, it would be better if the student actudly tried working the problem for himsdlf.

There are two qualitatively different ways that instructors think students can
learn Ly looking/listening: looking/listening to appropriate example solutions, and
looking/listening to lectures about problem solving techniques or strategies. Four of
the ingdructors have both of these conceptions. One has only the conception involving

appropriate example solutions.

1. Students can learn how to solve physics problems by looking/listening to
appropriate example solutions. All five of the indructors in this group have
the conception that students learn how to solve physics problems by seeing
how someone dse solved a problem.  This is the only learning activity where
there is any sort of agreement about what aspect of appropriate knowledge is
ganed by dudents. Four of the five indructors explicitly sad tha
looking/ligening to appropriate example solutions would help  Students
improve their APPROACH TO SOLVING A PROBLEM. For example, RU6
sad, “When | do an appropriate example solution on the board during class |
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hope that students will get information trandfer — this is the sort of way you
approach a problem” (RU6, statement #20). Only one instructor mentioned
any sort of procedure that Students should follow in order to learn from
aopropricte example solutions -- that it was important for sudents to “think
about what isgoing on” (RU6, statement #22).

. Students can learn how to solve physics problems by looking/listening to
lectures about problem solving techniques or strategies. Four of the
ingructors expressed this belief that students can learn from ligening to a
lecture a@out how to solve problems. This lecturing was not described as
being attached to a particular problem. For example, RU3, suggests that from
his “sermons’ (RU3, statement #388) students can learn not to engage in ther
bad problem solving habits, such as pulling formulas out of a hat. None of the
indructors mentioned any sort of procedure that students should follow in

order to learn from these lectures.
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Figure 4-10: Map 6 — Student Engagement of Learning Activities of Looking/Listening
(Path C)
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Resources Cluster

As described for the Man Map, one important way that instructors manage
dudent engagement in learning activities is by providing resources. The next three maps
describe how ingtructors conceptuaize the resources of: (a) appropriate problems (Map 7,
p. 136); (b) individuaized responses (Map 9, p. 143); and (c) appropriate example
solutions (Map 8, p. 149). Although lecture is $own as a resource on the Main Map, it is
not described in a feature map because the interview was not designed to capture
indructor conceptions about lectures.  There is, however, limited information about
ingructor conceptudizations of lectures on the Management Feature Maps.

In this cluster, instructors have three qualitatively different perspectives of

resources. All ingructors have dl three perspectives.
1. The perspective of the effect on student learning
2. The perspective of required instructor time
3. The perspective of the match with student preferences

Ingtructors have more well defined conceptions from the perspective of the effect
on student learning than they do from ether of the other two perspectives. As can be
seen in the following descriptions of the three Resources Maps, the conceptions that
ingructors express about a particular resource from one perspective are frequently in
conflict with ideas expressed from another perspective.

Map 7: Resource of Appropriate Problems

This mgp (shown in Fgure 4-11, p. 136) contains ingdructor conceptions about
what types of problems should be worked by students and why these types of problems
are desrable. Recdl from Chapter 3 (p. 67) that, in addition to the Homework Problem,
four other types of problems were used as atifacts during the interview. There was a
problem that included a diagram and was posed in three sections that required students to
solve one sub problem a a time (Problem A), a multiple-choice problem (Problem B), a
problem that was set in a “red-world” context (Problem C), and a problem that asked for
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quditative types of anadyses (Problem D). Appendix C shows the different problem

types as they were used in the interview.

From the Perspective of the Effect on Student Learning

There are three qualitatively different ways that instructors conceive of the

resource of appropriate problems from the perspective of the effect on student

learning: appropriate problems should encourage/require studentsto do certain things,

appropriate problems should be based on students current state, and appropriate

problems should be based on realistic situations. Five of the indructors have dl three
conceptions. One ingructor had only the first two of these conceptions.

1.

2.

Appropriate problems should help students develop certain skills by
encouraging/requiring students to do/experience certain things. All of the
ingructors conceive of using problems to encourage or require students to do
certain things that the ingructor thinks are important for learning. Four of the
indructors described appropriate problems as not giving students too much
help. For example, RU3 sad, “I stopped using problems like Problem A
because they give too many hints, which | want students to be able to figure
out on their own” (RU3, datement #252). Three of the ingtructors described
gopropriate  problems as requiring dudents to think about the physcs
principles behind the problem. For example, two ingructors sad that
problems could ask sudents to andyze the motion a various points rather
than just get a numericd answer. Findly, two of the indructors described
gopropriate problems as giving sudents a way to verify their answer by using
multiple-choice problems. These indructors said that if a Sudent gets an
answer that is not reflected in one of the avalable choices that the student
might go back and check their work.

Appropriate problems should be based on students’ current state. All of the
ingructors had the conception that the appropriateness of a problem depends
on the students current state. Four of the indructors said that appropriate
problems should ask a specific question (unlike Problem C, the red world
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problem). One ingructor said ha this would help students who had trouble
reading English understand what was being asked. He explained that he was
“very reluctant to put anyone in a dStudion where ther ability to parse an
English sentence has a ggnificant impact on their grade’ in a physics class
(RU3, datement #302). Three of the ingructors said that appropriate
problems should be based on students current understanding of PHYSICS
CONCEPTS. For example, two indructors said that this could be done by
having problems that ae physcdly correct. One ingructor sad that “the
better students would be bothered by Problem A” (RU4, dtatement #268)
because it is physicdly incorrect -- the string in the problem does not break at
the lowest point where the tenson would be highest.

. Appropriate problems should convey the message to students that physicsis
related to reality by being based on realistic or semi-realistic situations.
Five of the indructors had the conception that appropriate problems should
help students see the connection between the physics they are learning in class
and redity by being based on redidic or semi-redidic dtudions. Three of
these indructors said that, in their experience, some problems that atempted
to be redidic are actudly slly or cortrived and that these types of problems
should be avoided. None of these ingructors, however, made it clear what
condituted a slly or contrived problem and there was disagreement as to
whether Problem C (the real-world problem) was silly or contrived.

From the Pergpective of Required Instructor Time

Appropriate problems should be easy to create and grade. Five of the

ingructors interviewed expressed this conception that appropriate problems

should require a minimum amount of ingructor time to create and grade. There

was, however, little agreement on what types of problems met this criteria, except
that dl five indructors sad that multiple-choice problems were definitely the least
time-consuming to grade. Two ingructors aso noted, however, that muitiple-

choice problems were aso the most time-consuming to create.
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Some of the conceptions from the perspective of ingructor time conflict with
conceptions from the perspective of the effect on student learning. For example,
as mentioned earlier, from the perspective of the effect on student learning, RU3
sad that problems should not be broken into parts (like Problem A). From the
perspective of required indructor time, however, he thought that being broken
into parts makes it eader to “dole ou patid credit” when grading (RU3,
statement #316).

From the Perspective of the Match with Student Preferences

Appropriate problems should be liked by students. Two of the ingtructors
had the conception that gppropriate problems should be liked by students. For
example, RU3 sad that appropriate problems should not be multiple-choice
because “sudents didiked multiple-choice problems that | gave because they
can't get partia credit” (RU3, statement #348).
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Map 9: Resource of Appropriate Example Solutions

This map (shown in Fgure 4-14, p. 143) contains ingdructor conceptions about
what types of example problem solutions should be made available to students and why
these types of example problem solutions are desrable.  An example problem solution
can be made available to students ether by handing out/posting a written solution or by
solving a problem on the board during dass time. Ingructors think about this resource
(as with the other resources) from three distinct perspectives (1) the perspective of the
effect on <udent learning; (2) the perspective of required indructor time (3) the
perspective of the match with student preferences.

Recadl from Chapter 3 (p. 66) that three different instructor solutions were used as
atifacts during the interview. Ingructor Solution 1 is a brief, “bare-bones’ solution that
offers little description or commentary. Ingructor Solution 2 is more descriptive than the
bare-bones solution. All of the detals of the solution were explicitly written out, but
little explanation of the reasoning behind the solution was given. Indructor Solution 3
was based on research nto expert problem solving and attempted to make the reasoning
behind the solution explicit.

Two of the indructors described the solutions that they used as being most smilar
to Ingructor Solution 3 (the explicit ressoning solution).  Three of the indructors
described the solutions that they used as being most smilar to Indructor Solution 1 (the
bare bones solution). Two of these, however, sad that they would actudly prefer to use
solutions more smilar to Ingructor Solution 3 but did not because doing so would require
time or abilities that these indructors did not fed were available. For example, RU5 said,
“If I had a solution manud that had Indructor Solution 3, it would be grest. | would use
that” (RU5, statement #62). One ingructor did not describe the type of solutions that he
used. None of the ingructors described using solutions smilar to Ingructor Solution 2
(the explicit details solution ).
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From the Perspective of the Effect on Student Learning

There are two qualitatively different ways that instructors conceive of the
resource of appropriate example solutions from the perspective of the effect on student
learning: appropriate example solution should convey information to students, and
appropriate example solutions should be based on students current state. All
instructors had both of these conceptions.

1. Appropriate example solutions should convey information to students to
help them develop certain knowledge/skills related to problem solving. All
of the indructors had this conception. For example, RU2 dated, “Instructor
Solution 2 is a fine example of a solution that you might post so that students
can e wha the underlying machinery is to get the answer of this problem”
(RU2, statement #57). There seemed to be little ayreement about what aspects
of knowledge/skills related to problem solving gppropricte example solutions
should help devdop. The only mgor aspect not mentioned by any of the
instructors was SPECIFIC TECHNIQUES.

2. Appropriate example solutions should be based on two aspects of students
current state. All of the ingructors described basing appropriate example
solutions on students  current state as making it clear to the students what was
happening in the solution and why. Two indructors eaborated on this
conception by saying that this is important because they wanted students who
were not able to do the problem to be able to understand the solution. None of
the indructors thought that Ingtructor Solution 1 (the bare bones solution)
accomplished this goa. Four of the ingructors indicated that Instructor
Solution 2 (the explicit details solution) accomplished this god. Only 2
indructors, however, indicated that Indructor Solution 3 (the explicit
reasoning solution) accomplished this god and one ingructor indicated thet it
did not.

Four of the indructors said that gppropriate example solutions should be
based on students understanding of PHYSICS CONCEPTS. For example
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two ingructors said that the timing in the course should be consdered when
writing appropriate example solutions. (eg. “Near the beginning of a class, in
the beginning of the Fal, you want to impress on sudents the gory detals’;
RUG6, statement #49). One ingtructor said that gppropriate example solutions
should avoid discussions of possible complications that some students will not
think of.

From the Perspective of Reguired Ingtructor Time

Appropriate example solutions should be easy to write or find. Four of the
ingructors had this conception. They thought that appropriate example solutions
should require a minimum amount of indructor time to creste or find aresdy
creted. All agreed that only Ingtructor Solution 1 (the bare bones solution used
in the interview) met this criteia This conception conflicts with these
ingructors  conceptions from the perspective of the effect on student learning that
Ingtructor Solution 1 does not make it clear what is happening or why.

From the Perspective of the Match with Student Preferences

Appropriate example solutions should not be too long or complicated
looking. Four of the ingtructors had this conception that, in order to be used by
students, appropriate example solutions should not look too complicated or use
unfamiliar symbols (eg. sgmas). As one indructor described, students will be
less likely to look a a solution if it looks too complicated;, “The thing | worry
about too detalled of a solution — like Ingtructor Solution 2, explicit details — is |
think it kind of turns sudents off in some ways....S0 something that's a little
more terse might goped more to a leat some segment of people’ (RUG,
Statement #52).

Two of the indructors (RU3, RU6) explicitly sad which of the ingructor
solution artifacts were too long or complicated looking. Both put Instructor
Solution 2 and Ingructor Solution 3 in this category. This conception conflicts
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with these ingructors conceptions that Instructor Solution 2 and/or Instructor
Solution 3 would be the most helpful for student learning.
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Map 8: Resource of Individudized Responses

This map (shown in Fgure 4-17, p. 149) contains ingdructor conceptions about
what types of feedback should be received by students and why this type of feedback is
desrable. Individualized responses refers to feedback that is specificdly talored to a
particular student (or, in one case, a group of students) based on the student’s success or

falurein working on an appropriate problem.

Individualized responses are different than the other two types of resources (i.e
gppropriate problems and appropriate example solutions).  Individudized responses are
the only type of resource that is associated with only ore type of learning activity (usng
feedback whilelafter working on problems -- Path B). Also, individudized responses
refer to a range of possible responses rather than a single type of resource like the other
two resources.  Findly, dthough the interview was designed to probe instructor
conceptions about the individudized responses of grading, it was not designed to gather
information about other types of individudized responses. Thus, the level of detal in this
map is condderably less than in the other resource maps. Nonethdless, ingtructors think
about this resource (as with the other resources) from three distinct perspectives. (1) the
perspective of the effect on student learning; (2) the perspective of required instructor
time; and (3) the perspective of the match with student preferences.

During the interview one indructor indicated that red-time feedback could be
provided by the ingructor during lecture. He described this as “Socratic diaogue to
develop a problem solution during lecture’” (RU3, statement #43). Because this instructor
did not describe this Studion in much detall it is unclear whether this congtitutes red-
time feedback or whether it is actudly a form of appropriate example solutions. It was
placed on this map because the ingtructor seemed to see this activity as being designed to
provide feedback to the class that was specificdly talored to the class's success or falure
in developing a problem solution.

Instructors conceive of four different types of individualized responses. grades
on student solutions, comments on student solutions, peer coaching, and instructor
coaching. One ingructor had dl four conceptions. Three indructors had three of the
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four conceptions. two were missing the conception of comments on student solutions,

and one was missing the conception of peer coaching. One indructor had two of the four

conceptions. grades on student solutions and ingructor coaching.  One ingructor only

had one of the four conceptions: grades on student solutiors.

1.

Individualized responses can be grades on student solutions. All of the
ingructors discussed providing the delayed feedback of grades on student
problem solutions. During the interview indructors taked a lot about how
they would grade the five sudent solutions Mogt of these discussons
focused on assessng how well the student understands the materia in order to
give them a far grade. These tended to be detalled descriptions of grading
practices.

Four of the ingructors did, however, give reasons for grading that were
not related to providing an assessment of the student’s level of understanding.
These reasons were dl from the perspective of the effect on student learning.
Three ingructors discussed grading as being important because it can shape
sudent behavior by discouraging undesreble activiies: Two indructor said
that grades were important because they dlowed students to know whether or
not they had gotten the appropriate knowledge.

I ndividualized responses can be comments on student solutions about major
physics blunders. Two of the indructors said that, in addition to providing
grades on student problem solutions, they adso make attempts to provide the
delayed feedback of comments about mgor physics blunders. From the
perspective of required indructor time, both indructors viewed writing
comments on dudent solutions was very time consuming and thus the
comments had to be limited to only the mgor blunders. One of these
indructors dso explicitly related these comments to helping students learn
how to solve physics problems and, if time permitted, would like to provide
more of them.
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3.

I ndividualized responses can be coaching provided by other students during
small group work. Four of the ingructors said that rea-time feedback could
be provided by other students during small group work. From the perspective
of the effect on dudent learning, two ingructors conceived of smdl group
work as being dmost as hepful to sudents as ingructor coaching. Two
indructors said that smal group work had great advantages over instructor
coaching from the perspective of required ingtructor time.

Individualized responses can be instructor coaching during office hours.
Three ingructors said that red-time feedback could be provided by the
ingructor during office hours. One ingructor, RU4, from the perspective of
dudent learning, saw this as the key to hdping students. He aso, however,
saw this as requiring a subgantid amount of indructor time. For example. he
sd, “I think engaging students and getting them to do something no meatter
how wrong it might be, getting them to do something on ther own while you
help them is, | think, the key. It's labor intengve, though” (RU4, statements
#338, 339). Another ingructor, from the perspective of student preferences,
complained that students often did not come to office hours to make use of
thisingtructor coaching.
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Figure 4-17: Map 8 (short) — Resource of Individuaized Responses
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Map 8 (part 2) — Resource of Individudized Responses

Figure 4-19
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Management Cluster

As described for the Main Map (p. 107), ingtructors see ther role as managing the
dudents while they are engaged in learning activities to get the appropriate knowledge.
Ingtructors conceptudize three digtinct ways that they can manage students. providing
resources, making suggestions, and setting congtraints.

The maps in the Resources Cluster describe the form of the resources (e.g. what
an gppropriate example solution should ook like) while the maps in this cluster describe
the way that ingdructors conceptudize the use of these resources in their teaching (eg.
when an gppropriate example solution should be given to dudents and what, if any,
condraints or suggestions should be associated with it).  The maps in the Management
Cluser are separated by the type of student learning activities that they seek to manage:
working on problems (Path A), using feedback while/after working on problems (Path B),
or by lookingligening (Path C). All ingructors concelve of managing esch type of
Sudent learning activity.

Map 11: Management of Students Engagement in Learning Activities of Working (Path
A)

This map (shown in Figure 4-20, p. 154) contains instructor conceptions of what
types of things an ingdructor can/should do in order to help students get the appropriate
knowledge by working on appropriate problems.

There are three qualitatively different ways that instructors conceive of their
management of students' engagement in learning activities of working on appropriate
problems: setting constraints on problems that students have to work, suggesting that
students work on problems, and setting constraints on situations in which students
work on problems. Two ingructors have al three conceptions. Two of the ingtructors
have two of the three conceptions. Two of the ingructors have only the conception of

Setting condtraints on the problems that students work.

1. Instructors can manage student engagement in learning activities of working
on appropriate problems by setting constraints on the problems that students
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have to work. All of the ingructors described designing appropriate problems
that encourage or require students to do certain things that will help them learn
while working on the problem. These are described in more detall on Map 7:

Appropriate Problems.

Instructors can manage student engagement in learning activities of working
on appropriate problems by suggesting that students work on problems. Three
of the indructors described managing students working on appropriate problems
by suggesting that students practice working on a lot of appropriate problems.
Two of these indructors aso suggest particular things that students should do to
enhance ther practicing. For example, RU2 suggested that students should “look
a the problem and then guess as to how high the stone would go or guess what
the tenson would be and then work the problem and then look at the guess and
the answer to see whether the two are consstent, and if they’re not to worry about
it” (RU2, statement #290).

Instructors can manage student engagement in learning activities of working
on appropriate problems by setting constraints on situations in which students
work on problems. Two indructors described managing students working on
appropriate problems by collecting problem solutions. One of these indructors
described tests as the only dtuation in which students worked serioudy on a
problem without looking for help. For example, he said, 1 suspect that what the
typica physics sudent gets out of the test is that they redly serioudy work on the
problems. When sudents do homework or solve problems themsdves, it's so
tempting to just look at solutions after working 2 minutes if you don’'t know what
to do” (RU1, statements #139, 140).

One ingructor aso described managing students working on  gppropriate
problems by expliatly “limiting the number of tools (i.e. physcs principles) that
students have to choose from” (RU1, statement #105). His reason, related to the
effect on student learning, was that limiting the number of tools dlows students

more time to explore and understand the tools that remain.
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Map 12: Management of Students Engagement in Learning Activities of Usng
Feedback (Path B)

This mgp (shown in Figure 4-21, p. 158) contains instructor conceptions about the
types of things an ingructor can/should do in order to help students learn through the use
of feedback. There are actudly two things that the ingtructor manages in this path. Firs,
the ingtructor provides management in order to get students to work on problems. The
indructor aso provides management of the feedback the student receives. This feedback
can occur while the student is solving a problem (i.e. coaching) or after the student has

solved a problem (e.g. giving students an gppropriate example solution).

This is, by far, the most detailed concept map in the Management Clugter. In fact,
this is by far the most detailed of any of the concept maps — it contains the most ideas and
the most interconnections. Based on this, one can infer that management of students
engagement in learning activities of usang feedback may be what these indtructors think is
the most important part of their jobs asteachers.

There are four qualitatively different ways that these instructors conceive of
their management of students engagement in learning activities of using feedback:
grading to shape student behavior, having students work on problems and then
providing appropriate example solutions, allocating class time for studentsto work in
small groups, and suggesting that students come to office hours. Three of the
ingructors have dl four conceptions. One indructor has al of the conceptions except for
dlocating class time for smdl group work. Two of the indructors have two of the
conceptions. grading to shape student behavior, and having students work on problems

and then providing appropriate example solutions.

1. Instructors can manage students’ engagement in learning activities of using
feedback by having a test or quiz that is graded in order to shape student
behavior. All of the indructors described having tests or quizzes that required
sudents to work on problems and then providing feedback by grading the student
solutions.  Five of these ingructors described the grading feedback as shaping
dudent behavior by discouraging undesrable activities such as dudents not
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showing thelr reasoning. Three ingdructors dso sad that grading can shape
Student behavior by encouraging desirable activities.

Instructors can manage students' engagement in learning activities of using
feedback by suggesting (i.e. HW, in class problems) or requiring (i.e. a test)
students to work on problems and then providing appropriate example
solutions. All of the ingructors described the importance of appropriate example
solutions in sudent learning.  As can be seen in the Student Engagement in
Learning Activities of Usng Feedback Map (Map 5), indtructors concelve of
dudent learning taking place when dudents compare ther solution to the

appropriate example solution.

There are a variety of ways that the indructors get students to work on
problems before seeing the appropriate example solutions. They dl have tests or
quizzes. Four have ungraded homework and one has graded homework. Three
dlocate class time for individua work and two for group work. Some ingtructors
grade this individua or group work to be sure that the students actudly do it,
others do not provide this additional condraint. The gppropriate example
solutions are then provided as indructor solutions during lecture or as written
solutions that are posted in the hallways or on the web.

Although these ingructors do conceive of many ways to condrain students to
work on the problems, none of the indructors talked about any way that they
congrain sudents use of the feedback of appropriate example solutions. One
indructor did suggest that he could ask students to turn in a corrected verson of a
tes after seeing the gppropriate example solution, but immediately dismissed this
idea as requiring too much work. For example, he said, “I think it might be a
good idea for an ingtructor to ask the student to present a corrected version of a
test problem, but it requires too much effort on the pat of the instructor” RU2,
statement #102).

Instructors can manage students engagement in learning activities of using

feedback by arranging class time for students to work in small groups. Four of
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the ingructors described dloceting class time for sudents to work in amdl
groups. The Individudlized Responses Map (Map 8) provides more information
about student coaching during small group work.

. Instructors can manage students engagement in learning activities of using
feedback by suggesting that students come to office hours for individual
coaching. Three of the ingructors described suggesting to students that they
come to office hours for individud coaching if they are having difficulties in the
class. During this coaching the indructor has a student try a problem and
provides assstance when needed. For example, RU4 said, “1 send a student to the
blackboard and quiz them. In the worst case, they’re going to say ‘I haven't any
idea how to do this problem'....So you say, ‘dright, let's dat. Draw a
picture ....” (RU4, statements 327-329). The Individudized Responses Map
(Map 8) provides more information about ingructor coaching during office hours.
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Figure 4-22: Map 12 (part 1) — Management of Students Engagement in Learning
Activities of Using Feedback (Path B)

5. Management
(RU1, RU2, RU3,

class time for
grouj

RU4, RUS, RUS)

while coaching s

unclear RUS)

(RU1, RU4, RUS,
RUS)

~—
by allocating

by allocating
-~

class time for

discussion

by asking

students to work
on problems

during

office hours

(RU1, RU4,
RUS)

while coaching is

provided by
instructor during

rs
(RU1, RU4,
RUS, RUS)

because

has results similar

coaching (RU4,
RUB)

tohep students
et

4. Ap
Knowledge

can be through

‘/

Constraints
(RU1, RU3, RUS,
RUS,RUS) %y
Gan b
through
setting anagement of
students working on
problems.
(RU1, RU3, RU4, RUS,
can be. RUS
through
making
Suggestions | ¥
(RU1, RU4,
RUS
while
setting
and then

ructor
coaching during

1

Constraint/

Resourc
(RU1, RU3, RU4,
RUS-unclear, RUS)

of
[

Y
Real-Time
Feedback
(RU1, RU3, RU4,
RUS-unclear, RUS)

N

that are

then providing

10,

and e providing
RUI

Engaging in learning
activities(RU1, RU2,
RU3, RU4, RUS, RUS)

of using

12. Feodback
(RU1,R
RU.

can be through
providing the

Resource
(RU1, RUZ, RU3,
RU4, RUS, RUS)

RU:

3,

rce
(RU1, RUZ, RU3,
RU4, RUS, RUS)

Delayed
Foedback

(RU1, RU2, RU3,
RU4, RUS, RUS)

2

(RU1, RU2, RUS,

on student papers

RU4, RUS. RUS)

(RU1, RUZ, RUS,
RU4, RUS, RUS)

9. Appropriate
Example Solutions

(RU1, RUZ, RU3,
RU4,RUS, instructor solution
during lecture
(RU1, RUZ, RU3,
RUS)
cante
teacher
(RU1, RU: and then
RUA4, RUS)
during auring
students get
office hours
i (RU1,RUA,
coaching (RU1, RU4 classmatas b
to help students to help students
by get et
questioning
students while they The key to
solve a problem ] helping students
(RU1.RU4, RUS) )
tohelp s
aet
because
bt but sothat
o get students to
Students can see
where they made a
mistake and learn
from my solution (RU2,
RU3, RU4, RUS, RUE)
think about takes atot of ||| | students dont U3, RU4, Us)
monitoring time (RU4) often come to
ot
0 help students
et
o help students "
1o help students
e 1 ot 1o help students
'\ o help students
> Get (RUS)
Z
PHYSICS. APPROACH TO =y
A CONCEPTS SOLVING A PROBLEM| SEcHNGLER
(RU1, RU3) (RUT-uncear, RU3, (RU3, RUd-unclear, Ty
d RUS) RUS)
| ==
whichis
14. Appropriate
Know



Figure 4-23: Map 12 (part 2) — Management of Students Engagement in Learning
Activities of Using Feedback (Path B)
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Map 13: Management of Students Engagement in Learning Activities of
L ooking/Ligtening (Path C)

This mgp (shown in Figure 4-24, p. 163) contains ingructor conceptions of the
things an ingructor carVshould do to hdp sudents learn while looking a agppropricte
example solutions or ligening to lectures. When describing the management of students
engagement in learning activities of looking/ligening, these indructors primarily taked
about providing resources. They did not tend to talk about their management in terms of
seiting condraints or making suggestions.  Only one ingructor broke from this pattern.
He described getting students to pay more attention to the posted appropriate example
solutions by teling dudents that the test problems will be ones that they have seen
beforee.  The research team viewed this as setting a reatively mild condrant (es
compared, for example, to having students turn in homework to be graded).

There are three qualitatively different ways that instructors conceive of their
management of students engagement in learning activities of looking/listening:
solving problems on the board during lecture, talking about problem solving
techniques/strategies, and solving interesting problems on the board during lecture.
Two of the ingructors have al three conceptions. Two of the ingructors have two of the
conceptions. solving problems on the board during lecture, and talking about problem
solving techniques/srategies.  Two of the ingructors have only the conception of solving
problems on the board during lecture.

1. Instructors can manage students engagement in learning activities of
looking/listening by conveying information to the students by solving problems
on the board during lecture. All of the indtructors described presenting example
problem solutions on the board during lecture in an atempt to convey information
to sudents.  There was little agreement on they types of information that could be
conveyed to sudents in this way. Even RU4, who sad that students can't learn
physcs from just looking a someone ese's solution (see Map 6), described
solving appropriate example solutions in lecture to help students understand how
PHY SICS CONCEPTS are used.
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2.

Instructors can manage students engagement in learning activities of
looking/listening by talking about problem solving techniques or strategies not
attached to the solution of a particular problem. Four of the indructors
described telling students about specific problem solving techniques or Strategies
separate from solving a particular problem For example, two ingtructors said that
they explained to students how to apply SPECIFIC TECHNIQUES. RUS5, for
example, sad, “I can smply tel sudents, for example, that Bernoulli’s equation
has three terms in it and you could have two kinds of problems’ (RU5, statement
#334).

Instructors can manage students engagement in learning activities of
looking/listening by developing student interest by solving interesting problems
on the board during lecture. Two of the ingructors described presenting
example problem solutions on the board during lecture in an attempt to develop
dudent interest. The god of these problems is not to convey informaion to
dudents, but rather to motivate the students to want to understand the material.
For example, RU3 sad, “I'll begin a topic with what I'll cdl a motivationa
problem. The best one | can remember off the top of my head was for statics. So
| put up a collapse of these walkways of this hotd in Kansas City ten years ago.
A beautiful, subtle problem and have them tak it over in pars for about 10
minutes before darting the subject and then literdly go over that so a Student
might think ‘hey yesh, maybe | should pay atention to lecture for the next couple
of days’” (RU3, statement #395). As Map 1 (p. 114) shows, most ingructors
view student motivation as being an important beneficia learning characteridtic.
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Map 10: Appropriate Knowledge

This map (shown in Fgure 4-25, p. 167) contains ingdructor conceptions about
what types of knowledge or skills good problem solvers use to solve physics problems.
There is conflicting evidence about whether or not these categories of knowledge/skill are
required for solving physics problems. For example, dements of each of these categories
can be found in Map 2 (Solve Physics Problems) as part of the problem solving process.
On Map 3 (Students Current State), however, we see that students, especialy when they
enter the class, have poor knowledge/skill related to problem solving. Nonetheless,
ingructors tak about students solving problems even very early in the course in order to
get these types of knowledge/skill (see Maps 4, 5 and 6 in the Learning Activities
Clugter, p. 122). The research team interprets this conflicting evidence as an indication
that indtructors are caught in a paradox where students need to know how to solve physics

problems in order to learn how to solve physics problems. This hypothess is discussed
in Chapter 5 (p. 189).

I nstructors conceive of five different types of appropriate knowledge: PHYSICS
CONCEPTS, APPROACH TO SOLVING A PROBLEM, SPECIFIC TECHNIQUES,
PERFORMANCE MONITORING, and professional physicist beliefs about problem
solving. Three indructors conceive of dl five types of gppropriate knowledge. Two
ingructors conceive of the first four types of gppropriate knowledge. One ingtructor
conceives of only the first three types of appropriate knowledge.

1. Appropriate knowledge includes understanding PHYSICS CONCEPTS. All
ingructors have this conception. PHYSICS CONCEPTS includes such things
a knowing consarvation of energy and having a good sense of wha
centripetal acceleration does.  Indructors expect students to get anywhere
between “some’ and “a lot” of this type of appropriate knowledge during a
year-long introductory calculus-based physics course.

2. Appropriate knowledge includes having an APPROACH TO SOLVING A
PROBLEM.  All indructors have this conception. APPROACH TO
SOLVING A PROBLEM includes things that are not tied to a particular
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problem (eg. having a srategy and being able to verbaize it) as wel as things
that are tied to a particular problem (eg. being ale to identify the physics
concepts that underlie the solution). All of the indructors concelved of the
APPROACH TO SOLVING A PROBLEM as ahilities that are tied to a
particular problem. Four of these did s0 in a way that made it difficult to
diginguish their conceptions of the APPROACH TO SOLVING A
PROBLEM from their conceptions of PHYSICS CONCEPTS. Three
ingructors conceive of the APPROACH TO SOLVING A PROBLEM as
generd abilities that are not tied to a paticular problem. Three ingtructors
expect students to get anywhere between “some’ and “a lot” of this type of
appropriate knowledge during a year-long introductory calculus-based physics
course.  One ingtructor, however, does not expect students to get this type of
appropriate knowledge during a year-long introductory calculus-based physics

course.

. Appropriate knowledge includes being able to perform SPECIFIC
TECHNIQUES. All ingructors have this conception. SPECIFIC
TECHNIQUES refers to an ability to peform technical processes after
deciding on what pah to take while solving a problem. For example,
ingructors sad that solving a problem involves knowing how to do dgebra
and drawing free-body-diagrams. Instructors expect students to get anywhere
between “some’ and “a lot” of this type of appropriate knowledge during a
year-long introductory calculus-based physics course.

. Appropriate knowledge includes being able to do PERFORMANCE
MONITORING. Five indructors have this conception. PERFORMANCE
MONITORING refers to evaduating if headed in the right direction and
evduding the find answer while solving a problem. For example, RU1
commented that Student Solution C showed evidence of PERFORMANCE
MONITORING because he was “aware of where the problem is’ (RUL,
statement #237) when he wrote “it can’t be that v = W, but | don't know how
to relate them. If v = w, then....”. The indructors expect that being able to
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do PERFORMANCE MONITORING is something that takes more time to
develop and should not be expected of students after asingle year-long class.

. Appropriate knowledge consists of professional physicist beliefs about
problem solving. Three indructors have this conception.  Professond
physcig bdiefs about problem solving indudes things such as understanding
that problem solving involves exploration and that most problems cannot be
solved in a dngle gep.  Only one indructor estimated student performance in
this area and indicated that he did not expect students to develop these bdiefs
inasngle year-long class.
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Map 10 — Appropriate Knowledge
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Map 14: Reflection on Teaching

This map (shown in Figure 4-26, p. 170) describes the things that ingtructors sad
during the interview that indicate how they reflect on ther teaching performance. Note
that this was not an explicit god of the interview and only one question (Situation #6,
Q8) was asked that specificaly cdled for a reflection on teaching. Thus, the amount of
information on this map is somewhat limited.

There are four qualitatively different ways that instructors reflect on their

teaching: trying to learn about students, identifying difficulties based on past

experience, considering the appropriateness of grading standards, and becoming aware

of new ideas and/or knowledge from educational research. Three of the ingtructors

have three of these conceptions. Three of the instructors have two of these conceptions.

1.

Instructors reflect on their teaching by trying to learn about how students
experience the course. Five ingdructors described ways that they try to learn
about how dsudents experience the course. For example, RU2 describes
learning about students by having “a group of students with whom | meet four
times during the semester because | can't make a poll of the whole class as to
how things are going, and this group of <udents, they’'re meant to be
representative of the class’ (RU2, statement #147). RU4 describes learning
about how students experience the course by “going around and snooping a
the labs every once in a while to sse how things ae going’ (RU4,
statement#112).

Instructors reflect on their teaching by identifying difficulties based on past
experience. Four ingructors described identifying difficulties based on past
experience.  Three of these indructors identified a difficulty and dso
identified a possble solution. For example, RU3 found that, when he taught
the class, demos did not appear to be very hepful. Thus, in future classes, he
thought that he would do fewer demongtrations and spend more time working
example problem solutions.  Although these indructors believe that they have
found the cause of the problem, they do not describe any convincing evidence
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to support their position. For example, it was not clear why RU3 believed that
demonstrations were not very helpful.

Two of these indructors identified difficulties and did not identify a
possble solution.  One ingructor, for example, expressed the conception that
his class was not effective in heping students develop their knowledge/skill of
PERFORMANCE MONITORING. He did not suggest any possible ways to
change this Stuation.

Instructors reflect on their teaching by considering the appropriateness of
grading standards. Three ingructors discussed the appropriateness of the
grading standards for their course. Two of the ingructors thought that the
grading standards were too low. They suggested that the expectations for the
course were quite low and that students can pass with minima performance.
A third ingructor, however, said that the grading standards were too high.
This is an interesting difference of opinion given that these indructors teach
the same population of dudents in the same introductory caculus-based
physcs courses. (The dructure of the introductory caculus-based physics
courses is described in Chapter 3, p. 71).

Instructors reflect on their teaching by becoming aware of new ideas and/or
knowledge from educational research. Three ingtructors discussed using new
ideas or ideas from educational research to reflect on ther teaching. Two of
the ingructors mentioned idess that they had become exposed to through
educationa research. Another ingtructor mentioned an idea that he became
exposed to through his participation in the interview. He indicated that he had
“never thought about PERFORMANCE MONITORING before’ (RUL,
statement #375).
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Summary

In this chapter | have presented and described the viable explanatory modd that
was generated in this sudy to describe the conceptions that a smdl sample of university
faculty have about the phenomena of the teaching and learning of problem solving in

introductory caculus-based physcs. Thus, a mgor concluson of this study is tha it is
possible to generate such amodé.

The modd generated in this sudy can be best summarized by the Main Concept
Map (see Figure 4-2, p. 109), however | will summarize it here in a table form that will
dlow the incluson of more details about the generd features of the map.
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Table 4-1: Summary of ingructors conceptions of Some College Students, Solve Physics
Problems, and Students Current State.

Some College Students (Map 1)

Students’ success in learning how to solve physics problems depends on their:
Intelligence/natural ability (6 of 6)*
Characteristics related to learning (6 of 6)
Detrimental characteristics include: not caring/not working hard, poor study habits, and
no interest in physics. Beneficial learning characteristics include: motivated/hard
working, good study habits, and interest in physics.

Solve Physics Problems (Map 2)

The problem solving process is:

A linear decision-making process (3 of 6)
Problem solving involves using an understanding of physics concepts and specific
techniques to make decisions and decide what to do next. The correct decision is
always made and there is no need to backtrack.

A process of exploration and trial and error (2 of 6)
Problem solving involves using an understanding of physics concepts to explore and
come up with possible choices that are then tested. Making mistakes and backtracking
is a natural and necessary part of problem solving.

An art form that is different for each problem (1 of 6)
Problem solving involves artfully crafting a unique solution for each problem.

Students’ Current State (Map 3)

Students in introductory calculus-based physics have:
A mixture of beneficial, detrimental, and neutral personal characteristics related to
learning (6 of 6)
Including: study habits/skills, beliefs about learning physics, and motivation.
Poor knowledge/skills related to problem solving (6 of 6)
Including: physics concepts, approach to solving a problem, specific techniques,
performance monitoring, beliefs about problem solving, and communication.

" Number of instructors with the conception
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Table 4-2: Summary of ingtructors conceptions of what students carv/should do to learn

Working on Problems
(Map 4)

how to solve physics problems.

Using Feedback
(Map 5)

Looking/Listening
(Map 6)

Students can learn by
working on appropriate
problems (6 of 6)

Students can learn by using

feedback while/after working

on appropriate problems

(6 of 6):

- Using delayed feedback
(6 of 6)

- Using real-time feedback
(4 of 6)
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Students can learn by looking
and/or listening to provided
resources (5 of 6):
- Looking at appropriate
example solutions (5 of 6)
- Listening to lectures
(4 of 6)



Table 4-3: Summary of ingtructors conceptions of resources that can be provided to help

dudents learn.
Three Perspectives
Specific Effect on Student Required Instructor Match with Student
Resource Learning Time Preferences
(6 of 6) (6 of 6) (5 of 6)
- Should - Should be easy to - Should be liked by

Appropriate Problems
(Map 7)

encourage/require
students to
do/experience certain
things (6 of 6)

- Should be based on

students’ current
state (6 of 6)

- Should be based on

realistic situations
(5 of 6)

create and grade
(5 of 6)

students (2 of 6)

Appropriate

Example
Solutions
(Map 9)

- Should convey

information to
students (6 of 6)

- Should be based on

students’ current
state (6 of 6)

- Should be easy to

write or find (4 of 6)

- Should not be too

long or complicated
looking (4 of 6)

Comments | . Helpful for students - Labor intensive
on Student (1 of 6) (2 of 6)
a Papers
2 Gradeson | . Shapes student - Students expect it
g | Student behavior (3 of 6) (1 of 6)
é = Papers . Allows students to
- o know where they are
g8 (2 of 6)
= = | Peer . Similar results to - Requires less - Less intimidating for
3 Coaching instructor coaching instructor time than students than
> (2 of 6) instructor coaching instructor coaching
2 (2 of 6) (1 of 6)
- Instructor | . Helpful for students - Labor intensive - Students don’t come
Coaching (2 of 6) (1 of 6) for coaching (1 of 6)
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Table 4-4: Summary of ingtructors conceptions of management of student learning

Learning
Activities

activities

Three Management Activities

Setting Constraint

Making Suggestion

Providing Resource

Working on
Problems
(Map 11)

- on problems that

students work (6 of 6)

- on situations in which

students work
problems (3 of 6)

- that students work on

problems (3 of 6)

- of appropriate

problems (6 of 6)

Using Feedback (Map 12)

- that students work on

problems by collecting
solutions:

- test (6 of 6)

- in-class work (2 of 6)
- graded HW (1 of 6)

- of grades on student

solutions (6 of 6)

- that students work on

problems (e.g. non-
graded homework) (4
of 6)

- of appropriate example

solutions (6 of 6)

- by arranging class time

for small group work
(4 of 6)

- of peer coaching

(4 of 6)

- that students come to

office hours (3 of 6)

- of instructor coaching

(4 of 6)

Looking/Listening
(Map 13)

- of solving problems on

the board during
lecture to convey
information (6 of 6)

- of talking about

problem solving
techniques not
attached to the solution
of a particular problem
(4 of 6)

- of solving problems on

the board during
lecture to develop
student interest (2 of 6)
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Table 4-5: Summary of ingtructors conceptions of Appropriate Knowledge and
Reflection on Teaching.

Appropriate Knowledge (Map 10)

The knowledge/skill that good problem solvers use to solve problems consists of:

- Understanding PHYSICS CONCEPTS (6 of 6)
Examples include: knowing conservation of energy, having a good sense of what
centripetal acceleration does.

- Being able to develop an APPROACH TO SOLVING A PROBLEM (6 of 6)
Examples include: having a strategy and being able to verbalize it, being able to identify
the physics concepts that underlie the solution.

- Being able to perform SPECIFIC TECHNIQUES (6 of 6)
Examples include: ability to do algebra, ability to draw free-body diagrams.

- Being able to do PERFORMANCE MONITORING (5 of 6)
Examples include: evaluating if headed in the right direction, evaluating the final answer.

- Professional physicist beliefs about problem solving (3 of 6)
Examples include: understanding that problem solving involves exploration,
understanding that most problems cannot be solved in a single step.

Reflection on Teaching (Map 14)

Instructors reflect on their teaching by:

- Learning about how students experience the course (5 of 6)
For example, by visiting the labs every once in a while.

- ldentifying difficulties based on past experience (4 of 6)
For example, by realizing that demos were not very helpful.

- Considering the appropriateness of grading standards (3 of 6)
For examples, by thinking that grading standards are too low.

- Becoming aware of new ideas and/or knowledge from educational research (3 of 6)
For examples, by listening to a speaker who states what percentage of students can't
grasp physics.
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CHAPTER 5: IMPLICATIONS

This chapter will provide a brief summary of the sudy, relate the findings to prior
research, and suggest possible directions for future studies.

Summary of Study

The god of this sudy was to use a smal sample of universty faculty to generate
an initid explanatory modd of faculty conceptions about the teaching and learning of
problem solving in introductory cdculus-based physcs. The initid modd developed in
this sudy will be teted and refined in future sudies. To deveop the initid modd,
interviews were conducted with sx Univerdty of Minnesota physcs faculty.  The
interview was designed around three types of concrete indructiond artifacts that were dl
based on a dngle introductory physics problem. It conssted of specific questions relating
to a paticular indructiond artifact or teaching Stuation, as well as more generd
questions about the teaching and learning of problem solving in introductory caculus-
based physics.

The interviews were transcribed and each transcript was  broken into
approximately 400 statements that captured the information relevant to this study. Based
on these dtatements, concept maps were congtructed for each ingtructor that showed how
he concelved of the teaching and learning of problem solving. Once this task had been
completed for each indructor, the individual concept maps were combined to form
composite concept maps thet described dl Sx indructors.  This set of composite maps
forms an initid explanatory mode of faculty conceptions of the teaching and learning of
problem solving in introductory caculus-based physics.  This explanatory model conssts
of 14 genera festures that are related to one-another on the Main Map (see Figure 42, p.
109) and described in more detail on the feature maps (see Chapter 4). Tables 41 to 4-5
(pp. 172 to 176) summarize the genera fesatures of the explanatory modd. Once tested
and refined in future studies, this explanatory mode can be used to help researchers and
curriculum developers understand how faculty think about the teaching and learning of
problem solving in introductory caculus-based physics courses. It is my hope that this
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undersanding will help to bridge the ggp tha currently exists between faculty
conceptions of the teaching and learning of problem solving and the exiding curricular
materias that have been shown to develop students problemsolving skills

Theoretical Implications

One of the mgor implications of this sudy is that it does gppear to be possible to
generae a modd of faculty conceptions about the teaching and learning of problem
solving in introductory caculus-based physics.  As discussed in Chapter 3 (p. 88), the
model developed in this sudy meets dl of the relevant criteria for viability (Clement,
2000). In addition, it appears to have the potential © be a productive framework with
which to study faculty conceptions. As discussed in Chapter 1 (p. 2), the research team
intends to use this modd as a dating point for future sudies of physics faculty
conceptions of teaching and learning.

This sudy is the only study that | am aware of with a focus on faculty conceptions
of teeching and learning of a specific content (problem solving) in a specific context
(introductory caculus-based physics). For example, the Prosser and Trigwell (1999)
sudy did not focus on a specific content (the range of ther study was physics and
chemistry) nor on a specific context (the context of their study was firg-year physics and
chemistry courses, however, the level of the courses was not examined). Although they
did not have srong evidence, they indicated their belief that these context and content
vaiables have an effect on faculty conceptions (Prosser et. d., 1994). These more
gened dudies, dthough they may provide some information for researchers and
curricullum developers, do not provide any information about how these conceptions
manifest themsdavesin day-to-day teaching Stuations.

Because the focus of this study was limited to a specific content and context, it
was possble to ask questions about gpecific teaching dtuations usng concrete
indructiond arttifacts.  Thus, the modd of faculty conceptions generated can provide
information a severd levels of detal. The Man Map provides information about the
generd features of the modd (eg. these indructors ideas about student learning activities
can be placed into three didinct categories working, usng feedback, and
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looking/ligening). These generd festures may be useful in generating modeds of faculty
conceptions in other contexts. The feature maps provide more detailed information about
each of these features (eg. Map 9 provides some very specific information about what
these ingructors believe the role and content of gppropriate example solutions should be).
This more detaled information will be usegful, in the short tem, for developing
ingruments to test and refine the model generated in this study, and, in the long term, for
using the revised modd to influence ingtruction.

Methodological Implications

Although none of the research methods used in this sudy were new, this study
combined them in ways that had not previoudy been done. In particular, as described in
Chapter 3, the andyss method of bresking the interview transcript into statements of
relevant meaning, forming individua concept maps, and then forming composite concept
maps is a technique that future researchers may find useful. It proved to be a fruitful
andyss method that can lead to the generation of an explanatory modd to describe
complicated data and make connections explicit so that these connections can be
confirmed or refuted in future studies. In addition, the method provides transparent ways
to ensure the viability of the explanatory modd through the referencing of Statement
numbers on the individua maps and instructor numbers on the composite maps.

Although previous sudies have had teschers critique indructiond atifacts, | am
not aware of other sudies, like the current study, where ingtructors were asked to critique
severd different indructiond artifacts that spanned the range of common practice.  This
technique has shown itsdf to be quite effective & uncovering some of the implicit
conceptions that faculty have.

Relation to Prior Research
Although this study was done in a specific context where no prior work has been
done, it nonetheless can be related to the larger picture of research on teaching as

described in Chapter 2. Overdl, the modd of physics faculty conceptions resulting from
this sudy is completdy consgent with the mgor findings from this body of research.
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Some of the faculty conceptions identified for the particular context examined in this
dudy are smilar to conceptions found by previous studies that examined other contexts.
Other faculty conceptions identified in this study have not been identified by previous
dudies. These conceptions, however, do not contradict the results of these previous

sudies.

Making connections to previous studies explicit will hep to strengthen the mgor
findings of this body of research as well as help to put the results from the current study
into the proper context. Also, recal from Chapter 3 (p. 88) that being consgent with
exiding knowledge is one of the criteria tha Clement (2000) used in describing the
viability of a theoreticd explanatory modd. In this section, | will discuss eech of the
feature maps (or clugters of feature maps) in terms of their relation to prior research.

Some College Students (Map 1)

This map shows how the indructors in this sudy use student characterigics of
naturd ability and learning characterisics (eg. motivation, study habits) to describe
whether a dudent would learn how to solve physcs problems (see Some College
Students Map, p. 114). As discussed in Chapter 2, previous sudies have identified
teechers conceptions of dudent characteridics in terms of ability, motivation, and
homogeneity of dudents (see p. 39). Teachers conceptions of dudent ability and
motivation in these studies appear to be smilar to the current sudy. Teachers use these
characterigtics to explain why some students might not do wel in the course (e.g. Boice,
1994; VanDrid, 1997). The current study, however, differs from previous studies in tha
motivetion is not the only learning characteristics that these ingructors indicated were
important in determining which sudents would learn.  Other learning characteritics,
such as sudy habits, were not identified in previous studies. Only one of the ingructors,
RU6, mentioned heterogeneity of students math backgrounds as being a factor that made
it difficult to reech dl sudents.

Gdlagher & Tobin (1987) found that the high school teschers they <studied
generdly use the top 25% of students in making decisions about the pace of the course
(see p. 34). If these dtudents gppear to understand, then the teachers are satisfied.

180



Smilarly, the college indructors in this study seemed to use their beliefs about student
ability and learning characteridics to judify ther teaching decisons. In the current
sudy, two indructors indicated that they specificaly target certain groups of students —
one targets dudents with high and middle ability and the other targets students with
beneficid learning characteristics (see Some College Students Map, p. 114). They are
satisfied if these students learn.  Similarly, the other indructors dso appear to have
conceptions that students failure to learn how to solve physics problems is a result of
student characterigtics rather than indruction.

Solve Physics Problems (Map 2)

This map deds with indructors conceptions of the problemsolving process. As
discussed in (hapter 2 (p. 36), there has been very little prior research in this area.  This
map can, however, be relaed to the research in expertise.  The indructors in this study
did not describe the problem+solving process in much detail (athough they were provided
with many opportunities to do s0). Just as experts in other fields can solve problems and
perform tasks with little conscious thought (see p. 45; or Dreyfus & Dreyfus, 1986a,
1986b), the indructors in this study can look a an introductory physics problem and
immediately know what gpproach would be mog fruitful. As a result of ther expertise,
these indructors appear to have only implicit knowledge of the process of problem
olving. Only two of the ingtructors appear to redlize that there is a difference between
the way that experts (the indructors) and novices (the students) solve problems (see
Solve Physics Problems Map, p. 117).

Students Current State (Map 3)

This mgp contains ingructor conceptions of the characterigtics of students that are
typicaly found in introductory caculus-based physics classes. The characteristics are
divided into two basc groups persond characterigics relaed to learning and
knowledge/skill related to problem solving.

Personal Characteristics Related to Learning. Some of the indructors beliefs
about persond characterigtics related to learning have been explored in previous studies.
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As described above for Some College Students, previous gudies have identified
indructor beliefs about Students moetivation and innate qudities  The concept of
motivation in this sudy appears to be sSmilar to the way indructors conceptudize
motivation in other sudies. Innate qudlities, however, in this dudy refer not only to
intelligence, but aso to other types of innate qudities. For example, one indructor sad
that female students tend to be more collaborative than mae students (see Some College
Students Map, p. 114). In addition, this study identified persona characteridtics that were
not identified in previous dudies. Indructors in this study expressed conceptions of
dudents persond characteristics such as time condraints, sudy habitgskills, beliefs
about learning physics, and beliefs about sdif.

Knowledge/Skills Related to Problem Solving. There have been no previous
dudies identifying ingructor beliefs about students knowledge/skill related to problem
solving.  The results of this study are, however, consstent with the research on students.
That is, these ingtructors appear to make reasonably correct assessments of the current
date of ther students knowledge/skill related to problem solving (see Students Current
State Map, p. 120). Consgent with previous research on sudent learning (see, for
example Mdoney, 1994; Van Heuvelen, 1991a), these indructors see thelr students as
having limited knowledge of physics concepts, poor approaches to solving a problem
(eg., usng formula-centered approaches), poor performance monitoring (eg., not
evaduating ther answer), and poor beiefs about problem solving (eg., bdieving that
problem solving should be quick and easy).

Learning Activities Cluster (Maps 4-6)

The three maps in this cluser describe three digtinct ways that these ingtructors
think students can learn how to solve physics problems by working on problems (Path
A), by usng feedback while/after working on problems (Path B), or by looking/listening
to example problem solutions or lectures (Path C). Comparing these conceptions of
learning with those identified by Prosser and Trigwel (see p. 30), it is clear tha the two
dudies identified different aspects of conceptions of leaning.  The current sudy
identified conceptions of student learning that are categorized in terms of the specific
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activities that students engage in to learn (e.g. working on problems). The conceptions of
learning identified by Prosser and Trigwell are categorized in teems of the generd
processes involved in learning (e.g. conceptua development to satisfy internal demands).
One reason for the differences in these outcomes may be due to the contexts of the study.
As previoudy discussed, the current study is based in a particular context (the learning of
problem solving in introductory college cdculus-based physics) while the Prosser and
Trigwell study was based in a more generd context (dudent learning in introductory
college chemigtry and physics). The more generd context of the Prosser and Trigwell
study may have lead to the identification of more general conceptions of learning.

These differences in the types of conceptions of learning identified in these two
dudies dso illugtrates how the questions asked in the interview can influence the results.
For example, in the current study ingtructors were asked (among other things) what
sudents can do to learn how to solve physics problems and the resulting conceptions of
learning are organized around activities that students can engage in (see Man Map, p.
106). On the other hand, Prosser and Trigwel (1999) asked (among other things) how
gudents can know if they’ve learned something and the resulting conceptions of learning

are organized, in part, around how students assess their learning.

Nonetheless, the ingtructors in the current study appear to have conceptions of
learning that require the students to build and monitor ther own problem solving skills
through working on problems ether with or without feedback. These bdliefs are clearly
not at the lowest level on the Prosser and Trigwdl hierarchy (see p. 30), but it is not clear
how these gx indructors conceptions of learning might aign themsdves with the other
four levels

Ancther smilarity between these two dudies is that the teachers in both studies
lack an underganding of how sudents learn. Indructors in both studies had difficulty
expressing their views about the process of learning. Prosser et. al. (1994) report that “it
was cdear from the interviews that these teachers did not spend a lot of time thinking
about the way ther students learn” (p. 227). In this sudy, the lack of detall on the
concept maps in the learning activities cluster point to the same conclusion.
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M anagement and Resources Clusters (Maps 7-9 and 11-13)°

The sx maps in these two clusters describe these ingtructors  conceptions of thelr
teaching activities in tems of providing resources, making suggestions, and setting
congraints. Recadl from Chapter 2 (p. 28) that Prosser and Trigwell (1999) attempted to
Separate conceptions of teaching and teaching practices. They noted a “reasonably close”
relation between the conceptions of teaching and the gpproaches to teaching taken by 24
ingructors of introductory college physics and chemistry (Prosser and Trigwell, 1999, p.
154). The current study was unable to make any digtinctions between the conceptions of
teaching and the teaching practices of these sx indructors. It seems likdy that this is
because the sx ingructors do not make such distinctions, which would be congstent with
the Prosser and Trigwel findings. It may, however, dso be tha the interview instrument
was not carefully structured to capture such adistinction, should it exit.

As discussed in Chapter 2 (p. 28), severd researchers have looked a conceptions
of tesching held by college teachers (Biggs, 1989; Martin & Bdla, 1991, Prosser &
Trigwdl, 1999; Prosser et. d., 1994; Samuelowicz & Bain, 1992). All of these studies
produced hierarchica liss of the different ways tha teachers understand teaching.
Although the ligs are somewhat different, they dl range from conceptions of teaching as
presenting information to conceptions of teaching as facilitating student learning.  The
dudies that indicated where the teachers fell on the hierarchy found that most teachers
had relatively low (near the presenting information sde) conceptions of teaching. This
finding is somewha different from the current sudy. In the current study, the indructors
viewed students prior knowledge/beliefs (eg. see Students Current State Map, p. 120)
as very important. The ingructors in this sudy dso did not typicdly think of their job as
trangmitting information to dtudents, but rather as setting up dtuaions in which students
could build their own understanding. For example, the ingructors in this study described
assgning problems for students to work on and then providing appropriate example
solutions for dudents to use to andyze ther misekes and develop ther own
undersanding (see Management of Students Engagement in Learning Acdtivities of

3 The management and resources maps have been grouped together in this section because they all relate to
instructors’ views of actual or possible teaching activities.

184



Using Feedback Map — Path B, p. 158). The conceptions of teaching found in this study
would put these ingructors at least at level 3 in Prosser and Trigwel’s hierarchy (see p.
28). One reason for the rdatively high level of conceptions of teaching found in this
sudy (as compared to other studies) may be that the context of this study is the teaching
and learning of problem solving. Although the other studies do not specify the type of
subject matter they are concerned with, it is likdy that they are concerned with the
teeching and learning of concepts There is some evidence from this dudy that
ingructors may have different teaching/learning theories for physics concepts than for
physics problem solving (see p. 198).

The approaches to teaching in the Prosser and Trigwell study (1999) attempt to
identify the roles that the teachers think sudents and teachers should teke in the
teaching/learning process (see p. 33). It seems that the indtructors in this study would be
a levels 3 or 4 in Prosser and Trigwell's approaches to teaching. Consgtent with level 4,
the indructors in this sudy agppear to dructure teaching and learning Stuations in which
the students are encouraged to teke responghility for their learning.  This is seen in the
preference of indructors to manage Sudents engagement in learning activities by
making suggestions or providing resources rather than setting congraints (see the maps in
the Management Cludter, p. 151). This is dso amilar to conceptions of teaching found
by Gdlagher and Tobin (1987) where high school teachers expected students to take
responghility for ther own leaning. Galagher and Tobin (1987) aso found that
teechers typicdly interact with only the top 25% of the sudents during whole-class
interactions.  If these “target students’ appear to understand the materia, the teachers
would typicaly move on. This is amilar to the results of the current study that teachers

do not expect dl of the sudentsin their classto learn.

A magor result from prior research is that teachers conceptions of teaching
deveop, to a large extent, through their experiences as students (see. p. 35). The results
from the current sudy are condgent with this concluson.  Although the interview
provided very little information aout how these indructors were taught, it is very likdy
that they recalved traditiond indruction when they were sudents. The manner in which
they currently teach involves farly traditiond thinking about the teacher's role and
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posshble teaching activities. Their thinking about the teecher’s role is traditiond in the
sense that they see their job as providing opportunities for students to learn while the
sudents job is to take advantage of these opportunities.  Similarly, teaching activities for
a oollege physcs course traditiondly involve the same activities tha these ingtructors
engage in: solving example problems for dudents, assgning or suggesting problems for
gudents to solve, and providing lectures about problemsolving techniques and physics
concepts.

Ore of the mgor findings of this sudy is tha these instructors made decisons
about what resources to provide based on three perspectives (see p. 131): the perspective
of the effect on sudent learning, the perspective of required ingructor time, and the
perspective of the match with student preferences.  Although the perspective of the effect
on sudent learning has not been explicitly identified in previous studies, many dudies
aopear to make the assumption that this is the main condderation of teachers. The
perspective of required indructor time and the perspective of the match with student
preferences have been identified in previous studies (see p. 39).

Two dudies (Prosser & Trigwel, 1997, Boice, 1994) have identified the
contextud variable of requred indructor time as affecting teaching decisons. For
example Prossr and Trigwel found that one of the varigbles associated with higher
goproaches to teaching was that the workload was not too high. This is condstent with
indructors in the current sudy dismissng some indructiond options as requiring too
much ingructor time.

Perception of student preferences is an important contextud variable that has been
identified in severa previous studies (Brickhouse & Bodner, 1992; Cater & Doyle,
1995; van Drid, 1997). As Carter and Doyle (1995) suggest, when considering a new
ingructiond gpproach, most ingructors condder likely student reections. Conggtent with
the results from this study, Carter and Doyle found that teachers tend to think about likely
student reactions in terms of how they reacted, or would have reacted to smilar practices
as dudents. For example, RU3 explains that he doesn't focus on dimensond andyss

because “when | was in high school, | remember the expresson for kinetic energy was
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derived for me drictly by dimensond andysis and | was very unsatisfied with it” (RU3,
statement #131).

Appropriate Knowledge (Map 10)

This map contains indructor conceptions about what types of knowledge or skills
good problem solvers use to solve physics problems.  Although no prior ressarch has
been done on ingructors conceptions of knowledge and skills related to problem solving,
the types of knowledge and <ills identified in this mgp ae quite Smilar to those
identified by lesearch on expert problem solvers. As described in Chapter 2 (see p. 51),
there are three main characteridics of expert problem solvers in physcs they have a
knowledge base hierarchicdly organized aound physics principles, they typicaly
goproach a problem by firg carying out a quditatiive anadyss of the problem and then

develop aplan for solving the problem, and they continudly evauate their progress.

The ingructors in this study have a category of PHYSICS CONCEPTS that
relates to a solver’'s knowledge base of physics principles and concepts (see Appropriate
Knowledge Map, p. 167). In the research literature, it is important for solvers to have an
understanding of the physics concepts, but it is dso important that these concepts are
hierarchicaly aranged, a condraint that none of the indructors in this sudy identified.
The ingructors in this study had two categories that appear to overlap with the research
literature idea that an expert problem solver typicaly approaches a problem by first
carying out a quditative andyss and then developing a plan for solving the problem.
APPROACH TO SOLVING A PROBLEM and “professiond physicist beliefs about
problem solving” express this same idea that a solver should have a dSrategy and not
expect to solve a problem using a sngle formula  Findly, the research literature points to
the importance of a solver continualy evauding their progress.  This idea is found in the
category of PERFORMANCE MONITORING that includes both “evauding if heading
intheright direction” and “evauating the find answer”.
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Reflection on Teaching (Map 14)

This mgp describes the things that indructors said during the interview that
indicate how they reflect on ther teaching performance.  Although understanding how
these indructors reflect on their teaching was not an explicit god of the sudy, the
rdaivey smdl amount of reflection found is consstent with prior research (see p. 48)
that teechers decisons are largdy implicit and little reflection takes place.  Another
indicator of a lack of reflection is farly traditiond teaching prectices. As suggested by
severa researchers (Boice, 1994; Briscoe, 1991; Dreyfus & Dreyfus, 1986b; Pgjares,
1992; Thompson, 1992), once a perspective of teaching is formed by an ingructor, the
indructor can maintain that perspective even in light of contradictory information. The
farly traditionad practices of the indructors in this sudy may be an indication tha they
have adopted a teaching perspective and do not see the need to reflect on it.

Another indication of a lack of reflection on teaching practices was identified by
Boice (1994) who suggested that, when faced with poor ratings and dissatifaction with
their teaching, teachers tend to gick with their approach to teaching and blame other
factors such as poor delivery of lectures or under-prepared students. This is amilar to the
current study where some college students fal to learn how to solve physics problems,
but none of the ingtructors consider their gpproach to teaching as a possible cause of this
dgtuation. There are badicdly three reasons that these indructors gave to describe why
some dudents do not learn how to solve physics problems in their course; (8) some
students do not have enough natura ability (see Some College Students Map, p. 114), (b)
some dudents have enough naturd ability, but have characteridics detrimentd to
learning (see Some College Students Map, p. 114), and (c) learning how to solve physics
problems is difficult and takes a long time — it should not be expected from students after
asgngle year-long introductory physics course (see Appropriate Knowledge Map, p. 167).

In addition to not providing any reasons why they did not consder improving
their own performance, the ingructors did not give any evidence to support their idess of
why some students did not learn how to solve physics problems. For example, dthough
most of the indructors mentioned some ways tha they learn about their students (see
Reflection on Teaching Map, p. 170), the things that they hope to learn about tended to
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be vagudy described (eg. becoming familiar with students). None of the indructors
mentioned trying to find out more about the sudents who they believe do not have
enough natura ability and trying to see if there are ways to help these students learn how
to solve physcs problems  Also, for those dudents with detrimental  learning
characteridtics, the indructors gave no indication as to why they believe that students had
these detrimental learning characteristics. There seemed to be an assumption by most
indructors in this study that one of the biggest reasons students did not learn how to solve
physics problems was because they did not work hard enough. None of the instructors
suggested that they had any evidence to support this cdlam. This lack of the use of
evidence to reflect on their performance is entirdy consstent with the research literature
(seep. 48).

The lngructional Paradox

In this section, | will make more speculative (i.e. less wel supported by the
interview data) interpretations of these indructors conceptions of the teaching and
learning of problem solving in introductory caculus-based physics. As Clement (2000)
suggests, making these sorts of speculaive hypotheses can be vaduable to the fidd by
“provoking new studies’.

| will explore the hypothess tha these indructors have difficulty thinking about
how to teach problem solving. In fact they appear to be caught in a paradox* where they
believe that students learn how to solve problems by solving problems, but that students
can't solve problems without knowing how to solve problems. Similar to other aspects of
ingructor conceptions that are identified in this study, the ingtructors do not appear to be
explicitly aware of this paradox. Nonetheless, this paradox appears to play a prominent
role in ther thinking about teeching and learning. | will use this idea of an indructiond
paradox to compare and contrast the conceptions that these ingtructors use to think about
the inherent difficulty in teaching the complex skill of problem solving to the conceptions
that have been devel oped by educationd researchers to ded with this difficulty.
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Evidence for the Ingtructional Paradox

The modd of faculty conceptions of the teaching and learning of problem solving
generated in this sudy indicates that these indructors have a srong conception that
gudents will learn how to solve physics problem by solving physics problems (see
discusson of Leaning Activities Cluser Maps, p. 122). The indructors redize that
dudents are novice problem solvers when they enter the introductory caculus-based
physics course (see Students Current State Map, p. 120). The ingtructors, however, do
not appear to understand how novices can solve problems or how problem solving skills
develop. In paticular, the ingtructors gppear to have conflicting conceptions about the
role of prior experience and PERFORMANCE MONITORING <Kills in the problem
solving process.  On one hand, they see these things as being important aspects of the
problem solving process (see Solve Physics Problems Map, p. 117). On the other hand
they redize tha novices do not possess prior experience or PERFORMANCE
MONITORING skills (see Students Current State Map, p. 120). The instructors do not
offer any explanation as to how <udents solve problems without prior experience or
PERFORMANCE MONITORING sillsin order to attain them.

The Role of Prior Experience in Problem Solving

As previoudy discussed (p. 181), the indructors in this study appear to lack an
explicit underganding of the problem solving process. This is especidly true in relation
to understanding how novices solve problems.  In particular, many of these indructors
seem to lack an explicit underdanding of the role of prior experience with similar
problems in helping students solve problems. On some occasons they tak about the
problem solving process as one of using prior experience to decide what to do and on
other occasions they talk about a problemsolving process that is based more on logica
reasoning. These two conceptions of the problemsolving process come up in different

stuations and are seldom combined.

* Theinstructional paradox is similar to the learning paradox that recognizes the inherent difficulty in
developing acomplete learning theory — that is, how isit that more complex knowledge is built from less
complex knowledge? (see, for example, Bereiter, 1985; Carey, 1986; Prawat, 1999)
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For example, in severd places throughout the interview RU3 describes the
problem-solving process as a saies of linear seps that incdude “meking a drawing,
identifying the fundamenta concepts of the problem, determine the chain of reasoning
that leads you from what is being asked back to the steps that you are about to use, work
through symboalicaly the solution, and put in the numbers as the very last gep” (RUS3,
datement #15). In statements like this he makes no mention of prior knowledge. At one
point in the interview, however, he implied that solving a problem could be facilitated by
knowledge of previoudy solved problems, “Some students will look at this problem and
say ‘Hey, that's like these loop the loop problems” These problems are nice because it's
adways a normd force and the normd force is dways perpendicular to the direction, so
you don't have to worry about doing work on it” (RU3, statement #119).

The Role of PERFORMANCE MONITORING in Problem Solving

As shown in Map 10 (Appropriate Knowledge, p. 167), most of the ingructors
mentioned PERFORMANCE MONITORING as being an important part of the problem
solving process. None, however, expected students to be able to do this after a single
year of introductory physcs. These ingructors typicdly thought of PERFORMANCE
MONITORING skills, and some other aspects of problem solving, as “things that are not
in the syllabus and that you hope over 4 years of a universty education, that they
cultivate’ (RU3satement #273). Thus, in terms of seiting gods for the course, these
indructors said that, dthough it would be nice if the students would acquire some
PERFORMANCE MONITORING <Kills in the class, these kills redly take a long time
to develop and cannot be expected from students after only one year of studying physics.
They do, nonethdess, see their course as leading to this long-term development of
PERFORMANCE MONITORING skills.  None of the ingtructors make it clear how a
student can solve problems before they acquire PERFORMANCE MONITORING sKills.

Possible Reasons for the Instructional Paradox

The indructors in this sudy appear to lack the knowledge about teaching and
learning necessary to resolve the indructiond paradox. This should not be surprisng
snce educationa researchers are only beginning to develop this knowledge. In fact, as
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Bereiter . d. (1992) suggest, “most cognitive scientists are skeptical about  the
teachability of problem solving” (p. 528). In addition, most physics professors have
never receved any forma indruction in theories of learning and indruction.  This
svedy limits the resources that they have avalable to think about the teaching of
problem solving.

As Ref (1995a) describes, there are three basic types of knowledge that an
indructor needs in order to plan effective ingruction: knowledge about the desired
sudent outcomes, knowledge about the initid date of the student, and knowledge about
how a sudent can move from ther initid date to reach the desred outcome. The
indructors in this study appear to have good knowledge about the initid State of the
student, some knowledge about the desired student outcomes, and poor knowledge about

how a student can move from their initial ate to the desired outcome.

Knowledge About the Initid Sate of the Student

Map 3 (Students Current State, p. 120) shows that al of the indructors believe
that students enter their introductory caculus-based physics course with poor problem
solving skills.  As discussed previoudy (p. 181), these indructors beliefs ae in
agreement with the findings of research on physics sudents' problem solving skills.

Knowledge About the Desired Learner Outcomes

All of the indructors indicated that they wanted students to improve in thar
quantitative problemsolving skills as a result of taking the introductory caculus-based
physics course. As discussed earlier, the indructors in this study have a basic
understanding of the basc types of knowledge/skills involved in solving physics
problems (p. 187). They, however, tend to lack an explicit picture of how these types of
knowledge and skill are used in the problem solving process (p. 181).

The ingructors did tend to recognize festures of good problem solving when they
saw it. Map 9 (Appropriate Example Solutions, p. 143) shows that four of the instructors
favored Ingructor Solution 3 (the explicit reasoning solution used in the interview) over
the other two solutions.  As described in Chapter 3 (p. 66), this solution contained severd
features of good problem solving as described by the research literaiure.  Although the

192



ingructors tended to favor this solution, none of them were able to clearly explain why.
Thus, dthough these indructors could identify good problem solving when they saw it,
they did not have the explicit knowledge of the problem solving process to dlow them to
identify desired student outcomesin terms of problem solving.

Knowledge About How a Student Can Move From Their Initia State to Reach the
Desred Outcome

There has been some research on how students can learn how to solve problems
and how teachers can facilitate this process (Beriter et. d., 1992; Coallins et. d., 1991;
Mdoney, 1994; Ref, 19958). The indructors in this sudy, however, have little
understanding of these areas. As discussed earlier (p. 185), and consistent with prior
research, what these ingructors know about learning how to solve physics problems
appears to come primarily from their own experience as physics sudents. One possible
scenario is tha physics ingructors know that they were largely confused by ther
introductory physics course, but that as they continued to take physics courses, they
gradualy began to form a more coherent picture of physics knowledge and how to use
this knowledge to solve physics problems. They dtribute their time spent practicing (i.e.
gruggling with problems) to their eventud success in learning how to solve physics
problems by the time they completed ther undergraduate or, in some cases, graduate
traning. There are two aspects of learning problem solving that the indructors in this
sudy are not explicitly aware of: learning problem solving is a non-linear process, and it
is possble to identify intermediate states of Sudent performance in learning problem
solving.

Learning problem solving is a non-linear process. The indructors in this study
know that students learn how to solve physics problems by solving physics problems.
They are caught in a paradox, however because they don’'t understand how students can
get this experience solving physcs problems unless they aready know how to solve
physics problems. That is, they don't understand the non-linear nature of learning how to
solve physics problems.  As described above (p. 190), there is evidence in the interview
to suggests tha dl of these indructors, dthough they may tangentidly mention the
necessty of prior experience, do not have this well incorporated into their conception of
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how an introductory student can solve physics problems. As discussed below, research
has shown that there are ways ingtructors can provide support so that students can get
experience solving problems before they have enough experience or PERFORMANCE
MONITORING skills to successfully solve problems on their own.

There are intermediate states of student performance in learning problem solving.
The second aspect of learning problem solving that the ingructors in this study are not
explicitly aware of is the nature of intermediate states of student performance between
thar initid date (novice) and the desred outcome (expert). All of the ingructors redized
that teaching a complicated skill like problem solving cannot be accomplished in a single
year-long course.  Although the indructors believe that if a student gticks with physics
long enough, they will eventudly become expert physics problem solvers, none of the
ingtructors appeared to be clear about where a student should be after the introductory
physics course and how thiswill put them on the path towards expertise.

Knowledge of Teaching Strategies

Researchers have developed an understanding of techniques that can be used to
teach a complex skill like problem solving. These researchers (eg., Beriter et. d., 1992
Collins et. d., 1991; Schoenfeld, 1992) know that, to successfully teach problem ®lving,
it is necessxy to: (a) make the thought processes involved in problem solving explicit for
students; (b) provide support so students can get the needed experience solving problems;
and (c) dowly remove the support and increase the difficulty and diversity of the tasks.
The indructors in this sudy did not appear to have an explicit understanding of any of
these.

Making thought processes explicit for students As previoudy discussed (p. 181),
the indructors in this sudy are expert problem solvers and do not appear to have an
explicit modd of the thought processes necessary for problem solving. Thus, they don't
see the necessity of making these processes explicit for students. What the ingtructors do
atempt to convey to the Students about the problemsolving process ae ether the
mechanicd things (eg. Sudents should work the solution symbolicdly and then put
numbers in a the end) or very vague things (eg. problem solving involves exploration
and magic). None d these actudly get a the important thought processes. As discussed
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in Chapter 2 (p. 56), research has shown that the thought processes can be made explicit
for students by having the ingtructor mode the problem-solving process usng a problem-
solving framework (Heller & Hollabaugh, 1992; Mestre et. d., 1993; Reif & Scott, 1999;
Ref et. d., 1976; VanHeuvlen, 1991b). The modeing shows how the students can think
about solving problems based on their level of limited experience with the subject and
limited PERFORMANCE MONITORING skills.

Provide support so students can get the needed experience solving problems
There was little atempt by the indructors in this sudy to hep dudents get some
experience solving physics problems that they can use as the bass of future learning.
Map 7 (Appropriate Problems, p. 136) shows that two ingructors mention limited ways
that they modify the resource of appropriate problems they assgn to students based on
the students current state. One said that he would bresk the problem into parts to help
guide students to do it the right way. The other said that he would start the course with
one step problems before working students up to more complicated problems.

While the god of both of these problem modifications appears to be appropriate
(to provide support so that students can get the needed experience solving problems),
these modifications may do more harm than good. As Mdoney (1994) suggedts, these
standard sorts of physics problems may actudly reinforce students poor problem-solving
ills because dudents can often successfully solve these types of problems without
understanding or using an appropriate problemsolving process. As discussed in Chapter
2, research has shown that ingructors can provide support to students in the form of
scaffolding and coaching that alows the dudents to get experience solving problems
before they have enough experience or PERFORMANCE MONITORING skills to
successfully solve problems on their own.  Scaffolding is frequently provided usng a
problem-solving framework that helps guide the students while they are solving problems
(Beriter et. d., 1992; Callins et. d., 1991; Heller & Hollabaugh, 1992; Ref & Scott,
1999; Reif . d., 1976; VanHeuvlen, 1991b).

Remove the support and increase the difficulty and diversity of the problems. The
two indructors in this study who did provide limited support by modifying the resource
of appropriate problems that they asign to Sudents do imply that this support is
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eventudly removed. Otherwise, there was little evidence that the ingdructors thought
about changing the types of problems tha they assgned throughout the course.  As
discussed in Chapter 2, research has shown that, as students problemsolving skills
improve, the indructor can dowly remove the support (fading) until the Students are
solving problems on their own (Beriter . d., 1992; Coallins et. d., 1991, Hdler et. d.,
1992; Medtre et. d., 1993; Ref & Scott, 1999; Reif et. d., 1976; VanHeuvlen, 1991b).
In addition, the students can be given increesingly more difficult problems in increasingly
diverse dtuations to further improve their problem-solving skills (Beriter et. d., 1992
Collinset. d., 1991; Heller & Hollabaugh, 1992; VanHeuvlen, 1991b).

Specific Unanswer ed Questions for Future Studies

Because of the generative nature of this study, some questions were raised in the
andyss process that the interview did not provide enough data to answer. These
guestions may prove to be fruitful areas of inquiry for future sudies.

Do Instructors Think That They Teach Motivated Students?

Map 1 (Some College Students, p. 114) shows that these indructors believe that
dudent motivation is a very important learning characterigic. In Map 3 (Students
Current State, p. 120) there is no indication of how these indructors view thelr class in
terms of generd motivationd characteristics (i.e. What are the proportions of motivated
and unmotivated dudents in the class?). This is likdy due to the dructure of the
interview where questions about what makes a student succeed or fal in a dass were
asked separately from questions about the makeup of a partticular ingtructor's class. It
would be possible to structure an interview to answer both the question of what role the
indructor believes motivation has in student learning and how an indructor perceives his
Sudentsin terms of mativation.

Do Indgtructors Use the Same Three Parspectives When Thinking About All of Their
Management Decisons?

In Maps 79 (p. 131), three perspectives were identified that describe the different
ways that these ingtructors appeared to think about the resources that they provided to
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dudents. (8) the perspective of the effect on student learning; (b) the perspective of
required indructor time; and (c) the perspective of the match with student preferences.
As noted in the description of these resource maps, ideas expressed from one perspective
were often in conflict with ideas expressed from a different perspective. My impresson
is that these three perspectives can actudly be used to categorize al instructor
management decisons (i.e. making suggestions, setting constraints, as wel as providing
resources).  Only the ingtructor decisons about providing resources, however, were
probed in enough detall to dlow for such a categorization. It would be possble to
dructure an interview that would probe ingructors in more detall about dl of ther
management decisons in order to determine if categorization in terms of these three

perspectives would continue to prove ussful.

Is the Resource of Individuaized Responses More Than One Resource?

As discussed in Chapter 4 . 145), dthough the interview was designed to probe
indructor beliefs about the individudized response of grading, it was not designed to
specificdly gather information about other types of individudized responses. Thus, the
levd of detall in Map 8 (Resource of Individudized Responses) is congderably less than
in the other resource maps. This map redly describes four types of individuaized
reponses. (d) delayed feedback of instructor comments on student papers, (b) delayed
feedback of grades on student solutions;, (c) red-time feedback of ingructor coaching;
and (d) red-time feedback of peer coaching. An interview could be designed to gather
more detalled information about al of these types of individudized responses and ther
effect on leaning. In paticular, it would be interesting to understand more about what
ingructors think are the amilarities and differences between ingtructor coaching and peer
coaching.

What is the Rdationship Between Bdiefs About Problem Solving and Bdliefs About the
Teaching and Learning of Problem Solving?

One would logicdly expect that an indructor's beliefs about problem solving
would influence his beliefs about the teaching and learning of problem solving. On the
other hand, as discussed in Chapter 2, teachers conceptions are often compartmentalized
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and even in conflict with one-another.  Thus, there should be no expectation for dl of a
teacher's bediefs to be logicdly related. For the Sx indructors in this study, even though
three didtinct views of the problem-solving process were identified, there is no evidence
that these views are related to ingtructor views about the teaching and learning of problem
solving.  However, given that the main god of this sudy was to identify the outcome
goace for faculty conceptions, the data is not idedly suited for identifying such
corrdations.  Now that more is known about ingructor conceptions about problem
solving and about the teaching and learning of problem solving, it may be posshle to
design astudy to look for correlations between the two.

What isthe Role of Each of the Learning Activities?

This sudy identified three types of learning activities that these indructors think
are important for students to engage in to learn how to solve physics problems (see p.
122): working on problems (path A), usng feedback while/after working on problems
(path B), and looking/listening (path C). There is some evidence to suggest that these
indructors view each of the three different types of learning activities as being useful for
developing certain types of knowledge/skill related to problem solving.  For example,
RU6 describes UNDERSTANDING PHYSICS as “knowing the facts’ (RU6, statement
#240) and students can gt this by “reading and ligening in class’ (RU6, Statement #236).
This is a learning activity of looking/ligening. On the other hand he believed that being
able to perform SPECIFIC TECHNIQUES “is redly something | think you need practice
to do” (RU6, datement #241). This is a learning activity of working on problems. As an
exploratory study, however, this sudy does not have much evidence to support a
relationship between indructor beliefs about the effect of the different types of learning
adtivities on particular types of knowledge/skill rdated to problem solving. This would
be an interesting relationship to explorein future studies.

In addition, there is dso some evidence to suggest that indtructors consider using
feedback (path B) as the most important type of learning activity. For example, Map 12
(Management of Students Engagement in Learning Activities of Using Feedback, p.
158) was by far the most complicated map. The ingructors had far more to say about
their management of students use of feedback than ther management of either of the
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other two types of learning activities. It is not clear, however, whether the ingtructors
said more about this path because (a) they believed it to be the most important for student
learning, (b) they thought that this was the type of learning activity that they had the most
control over, or (c) the dructure of the interview was somehow biased towards this path.
Future dudies could be desgned to more caefully gauge indructor views of the
importance of each of the types of learning activities as wel as ther views of the
importance of their management of each of the types of learning activities For example,
as shown in Mgp 13 (Management of Students Engagement in Learning Activities of
Looking/Lisening, p. 163) ingdructors tended to confine their management activities to
providing resources. It would be intereting to try to understand why. Do these
indructors not know how to make suggestions or set condraints on students
looking/listening? Do they not fed that it istheir role to do s0?
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Instructor solution |

h=23,

The tension does no work

Conservation of energy between point A and B

Mv,2/2 = mgh

V2 = 2gh

At point A, Newton's 2™ Law gives us

= >
T-w:ma—'

T-w=mv2R
T=18y + 21623,,/.65,, =

1292N
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Instructor solution 1l

top
4
w =18N = weight of stone T
z|h=2m
-0 = ; ST TN
vi= O = velocity at top 7 F+ N
£ [ vi= 7 = velocity at release ! release |
[} \ i
-‘E v,= ? = velocity at bottom 5\ S i
= \ force my hand exerts = F=7 @ N
bottom
ﬁ&p_l) Find \C needed to reach h Conservation of energy for the stone earth
E = Ef system, since no external forces.
1
Erpoace = E top Note: you could also choose other systems. )
PE + KE =PE,,,+ KE
release releace vop pr [ KE of earth estimated to be O ]
mgR +mv /2 = mgh}mﬁ)/'Z
vr2 = 2g(h -K) [ You could also use kinematics to find v, ]
Step 2) Find v, needed to have v, at release
Ebom)m = Emlsza& Conservation of energy for the stone earth system.
Since TLv in circular path, T does no work.

FEbotBom + KEbottom = PEMIGE&G + KErcIoase
mg0 +mv,%/2 = pgR + v 2/2

Using v, from above:

J

_ 12

v, = [2gh]
Step 3) Find T, , tension at bottom, needed for stone to have v, at bottom

=

> F=ma —
> T,
2 F.= ma ag To relate the forces to velocity we can look at
R= R - the radial component, and use ag=v*/R.
w

T,-w=mvy2R

Using v, from above: Free body diagram

Tb -w=2 mgh/R
T,=w+2wh/R =18 + 218 23/.65 =| 120pN

T,equals F, the force my hand exerts, for a massless string
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Instructor solution lll

Vio
Approach: w =18N L
| need to find F,,, force exerted by me. | know F =7 A
the path, h (height at top) and v, (velocity at top) " A
A) For a massless string F,, = T, (T,-Tension at bottom) /’I E’+ \"T\
H m
B) lcanrelate T, tov, (velgfity at bottom) using the “\ = y
radial component of Y F:mé', and radial acceleration h < __/'
ag=v*/R, since stone is in circular path Viottom

C) icanrelate v, to v, using either i) energy ii) Dynamics and kinematice
ii) Messy since forces/accelerations change through the circular path
i) | can apply work-energy theorm for stone. Path has 2 parte:
first - circular, earth and rope interact with stone,
second - vertical, earth interacts with stone
In both parts the only f%riithfz does work is weight, since in first part
hand is not moving = TLv = T does no work.

=0
N
h=25m
R=.65m
N ZNZ

N=N m/m

Execution:
B) Relate T, to v, Substituting C) into B)
3 F= ma T,-w=2wh/R
2 Fe= mag Fo=T,=w+2wh/R units O.K.

4
-
<+—0—>
<

T,-w=mv,2/R ng =16+ 218 23/.65
= | 1292N
C)Relate v, tov,
Work = AKE Large compared to weight, but stone

For constant force needs to travel up large distance

—> —
F-d=KE; - KE Check limits: T,T as R 4, for smaller

Fydy = KEegp - KEpgeeom
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Student Solution A

l
L:@:f‘ éﬁ-\/
A m T
P
“:(-8‘3’&) 4R
"
V= \}Ra

Y:yo *\/T+ﬂif
=

2045 + [aut , aff
A
0
)/-/7’ Voz: ‘dljay
Vo o= VQ\JA :\/-(z:

uses Veelgose insteed
Q\j a>/ of Vbe ttom

- . F
SO (B o 5 fors |
Pz 270y 205G 0h)
R ) 0.6 2 1237 g46 N
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Student Solution B

T}Uf 1‘5 N wﬂff‘,?cﬁ—_, E)fy‘ (o/abICM —:;F:m_l,/’_(_z

$ree ol
, Dat Max. he.‘/hf

- Ve
A
t=Y
J
AY = 7o *l/of ~%jfz
- Ve
QY Y" *uﬂ(-’j—‘)- é—j
4'37:79 Yg‘é’ﬁ?_’

3
Sy = (yo - '[z) \/92

¢
J
s y2
(Yo’%{

T=F=ma = myt

4

Gro- I-/Z)K
- 1 '2.2.95"
(.65 - 1) (Lbg)

I’EY’/S b)( instead QFYJ

Foree f;)(cn‘cj
by me

= Yig2 N

\) ,f)')ake)' Math c/ra/-l
/"_——’ .

%fﬂof sum
FOf‘cc.r




. \/1_: 0
Student Solution C

Vf:
ho
b= |
Iﬂ m]:—l?f\/
m| v h=23m
R=065m

Fiad  velocit o
Ty  to recch hef]hf ( free Fa”)

1 A

V-0 2 e (y -y,

o , 2 EW AN AT
Vg - AC J} thj=

© - V' 2(y) (k)

Ve © \hju,-e)
C VAU Q706)m [ - )
= 20,77

* C\ﬂ‘
It can'y be thes V,.: l/b but Z doa ¥ know how Fo
relate  them, If

v,z Ve ) then!

uses Veelease

Fid Force Actead of
5 4 O o
ZF :ma
T-mg: pa i
: c LA 1
j N*"I/;z m :N

1)

T=m my & \gN ¢
ITEE 28N - 2 (2097

Forve exeried O-65m

Looles Iafjc, but stone peeds fajo p f
u r
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Y=0 Student Solution D
h= A3m

Tv

bSm

Eﬂef)'(/ Conseryetion between f'o!e anop releasc
|
Fmyt = mg oh

vi:Ash
J ] uses h insted of h-R7
E ')'(’7:7);23 Mahkes S}jr) ecrol”

gc{’ween

f‘c)e@fc and botltom TJ_ V. SO no work d’d/)f

5nerjy 's conserved  andl velecity Vs the same

= F‘:m&'

uses v,

elewse nstead
L F \/bof' +'Jm
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Problem A

A 1.8 kg mass is attached to a frictionless pivot point and is
moving in a circle at the end of a 65 cm string. The string breaks
when the mass is moving directly upward and the mass rises to a
maximum height of 23.0 m. What is the tension in the string one-
quarter turn before the string breaks? Assume that air resistance T .
can be neglected.

23m

A)  What velocity, v;, must the stone have when released |
in order to rise to 23 meters above the lowest point in
the circle?

B) What velocity, v,, must the stone have when it is at
its lowest point in order to have a velocity v, when
released?

C)  What force will you have to exert on the string at its lowest point in order for the
stone to have a velocity v,?
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Problem B

You are whirling a stone tied to the end of a string around in a vertical circle having a radius of
65 cm. You wish to whirl the stone fast enough so that when it is released at the point where
the stone is moving directly upward it will rise to a maximum height of 23 meters above the
lowest point in the circle. In order to do this, what force will you have to exert on the string
when the stone passes through its lowest point one-quarter turn before release? Assume that by
the time that you have gotten the stone going and it makes its final turn around the circle, you
are holding the end of the string at a fixed position. Assume also that air resistance can be
neglected. The stone weighs 18 N.

A) 1292N
B) 1258 N
C) 1248 N
D) 1210N

E) None of the Above

Note: The choices are based on common student problems.
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Problem C

You are working at a construction site and need to get a 3 1b. bag of nails to your co-worker
standing on the top of the building (60 ft. from the ground). You don’t want to climb all the
way up and then back down again, so you try to throw the bag of nails up. Unfortunately,
you’re not strong enough to throw the bag of nails all the way up so you try another method.
You tie the bag of nails to the end of a 2 ft. string and whirl the string around in a vertical circle.
You try this, and after a little while of moving your hand back and forth to get the bag going in
a circle you notice that you no longer have to move your hand to keep the bag moving in a
circle. You think that if you release the bag of nails when the string is horizontal to the ground
that the bag will go up to your co-worker. As you whirl the bag of nails around, however, you
begin to worry that the string might break, so you stop and attempt to decide before continuing.
According to the string manufacturer, the string is designed to hold up to 100 Ibs. You know
from experience that the string is most likely to break when the bag of nails is at its lowest
point.

224



Problem D

You are whirling a stone tied to the end of a string around in a vertical circle of radius R. You
wish to whirl the stone fast enough so that when it is released at the point where the stone is
moving directly upward it will rise to a maximum height, H, above the lowest point in the circle.
In order to do this, what force will you have to exert on the string when the stone passes through
its lowest point one-quarter turn before release? Assume that by the time that you have gotten
the stone going and it makes its final turn around the circle, you are holding the end of the string
at a fixed position. Assume also that air resistance can be neglected.

A)  For each point labeled in the diagram, circle the symbol(s) that describe
how the speed of the stone is changing.

T

Change of Speed Symbols ':‘
. . |
Point Change n Sp eed T Speed is increasing '
—_ 3 } Speed is decreasing !
A P = max mn = Speed is constant l!
. max Speed is at 2 maximum H
B ' | = max min min  Speed is at a minimum i
i
C 1| = max min i
|
D ' | = max min ;
i
E T | = max min i
D :
i
.......................... !
B)  Ateach point on the diagram, draw and label a vector " 5H
representing the acceleration of the stone. ;
i
C)  Ateach point, draw and label vectors to represent all c i
. ) H
of the forces acting on the stone. !
E
|
i
\
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Introduction

“Thisinterview is divided into 4 Stuations, the first focuses on solutions thet instructors
give students, the second on solutions students give ingtructors, the third on possible
ways of posing problems, and the find Stuation will be a combination of the things

we' ve talked about in the firgt three Stuations. Throughout the interview we will refer
back to the “homework problem” that you solved.”

“Pease think about your experience teaching introductory caculus-based physics asyou
answer theinterview questions. I'll sart with examples of solved problems.”

Q1L

Q2

Qs3:

Stuation #1 (Example Problem Solutions)

“In what Stuations are students provided with examples of solved problemsin your
class. For example, during lecture, after homework or ates, etc.”

Probing question, if necessary: “How does thiswork? Do you hand out the solutions,
or is there something else that happens?’

“What is your purpose in providing solved examples in these different Stuations?’

“How would you like your students to use the solved examples you give them in
these different Stuations? Why?”

“What do you think mogt of them actudly do?’

“Here are severd indructor solutions for the problem you solved that were
designed to be posted or distributed for studentsto see. They are based on actud
instructor solutions.”

“Take alook at each of these ingtructor solutions and describe how they are smilar
or different to your solutions. Please explain your reasons for writing solutions the
way you do.”

“I want to look now from adightly different Perspective: Some ingructors

solutions represent aspects/components of what instructors consider important in
problem solving. This may include things that a student needs to know or be able to
do, or explicit representation of thought processes he has to go through while
solving aproblem. Now, I'd like to have you consider how these things are
represented in the worked examples.”

227



Q1

Q2

“Looking at the ingtructor solutions, what aspects'components that you consider
important in problem solving are represented in these ingtructor solutions, and what
aspects are not represented?’

Write each thing on an individual index card (Label card IS and solution #).

Stuation #2 (Student Solutions)

“This gtuation will ded with written gudent solutions. We will first focus on
grading of studert solutions. | imagine you grade students on the find exam and
quizzes. What is your purpose in grading the students?

“What would you like your sudents to do with the graded solutions you return to
them?’

Probing question, if necessary: “Why?’
“What do you think most of them actudly do?’

“Are there other Stuations besides the final exam and quizzes in which your
students are graded? Do you have the same purposes for these situations?’

“Here are student solutions to the problem that we have been looking a. These
solutions are based on actua student solutions from an introductory ca culus-based
physics class a the University of Minnesota. To save time, we have indicated
errors in each solution in the boxes on the page.”

“Please put the solutions in order of the grade they would receive for this solution
onaquiz if they werein your class. Then I’ll ask you to grade them and explain
your grading. Assume the students were told by you about how they will be graded.

Probing question, if necessary: “What are the features you considered when assigning
thisgrade?’

Record the grades and ranking.

Probing question, if necessary: “Please explain what these numbers mean —whét is
your grading scae?’

“Would you grade them differently if they were graded in the other Stuations (other
than aquiz)? How?’

228



Qs:

Q1

“Now | would like to use these student solutions to expand the discussion of aspects
or components of problem solving that we started in the 1t Situation. Herel’d like
to focus on what students actudly think or do while solving a problem.”

“Imagine you gave this problem to your students for homework near the end of
your course and you got the following solutions. | know that it is not possible to
infer with certainty from awritten solution what a sudent went through while he
was solving the problem. However, in thisStuation | will ask you to do just thet.”

“Try to put yoursdlf in the sudents shoes: go through the solution from beginning
to end, following what you think was on the students mind when he did what he
did, and speculate about things that are suggested by these solutions’.

“What other aspects/components of problem solving that we havn't aready talked
about are suggested by these solutions. By aspects/components of problem solving
we mean thought processes that the student might have gone through, things he
might have known or done.”

Write each thing on a card, in a positive manner (Label card SS and solution letter).
Probing question, if necessary (make sure this is answered for all student solutions):
“What is your overall impresson of each of these students approaches? What are
the most important differences between them?’

“Are there other things that you have noticed in the way students solve problems
that we haven't talked about aready?”’

Write each thing on a card, in a positive manner (Label card SS).

Stuation #3 (Problems)

“In the firgt two Stuations we dedt with one problem and talked alot about what
sorts of things a student might need to know or be able to do to solveit. Inthis
Stuation, we will expand our view somewhat by looking at other ways of asking
problems around the same physicd stuation. There are four new problems.”

“Please describe how these problems are smilar or different to problems you give
to your students. Please explain why you use the problems that you use.”

Probing question, if necessary: “ Do the problems you give students look different in

different Stuations (lecture, homework, test, Beginning or end of course...)? How
and Why?’
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Q2

Q1.

Q2

Q3:

“Different ways of asking problems require different things from students. We
would like to use these problems to capture aspects of problem solving that we
might not have talked about yet.”

“Comparing these problems to the problem that we have been using so far (the
Homework Problem), are there things a student needs to know or be able to do
when solving these problems that are not required in solving the homework
problem? Do you see any things that the homework problem requires that you
haven't yet mentioned?’

Write each thing on a card (Label card P and problem letter).

Stuation #4 (Grand finale)

“Now | would like to combine the things that we ve talked about in the last 3
gtuations. |'vewritten each of the things you thought students might go through
when solving a problem on an individua card. 1 would like to have ustalk about
these in more detail, but to make it smpler | would first like you to categorize
them.”

“Please put these cards into categories of your choosing?’

Probing question, if necessary: “Tell me about each category ... Why do these go
together? How would you name this category?’

Write each category on a big index card, clip it on top of the cards in the category.
Write the name of each category on recording sheet.

“For students who had troubles with each of these categories at the beginning of the
course, what do you think they could do to overcome them?”’

“For astudent who had trouble with each of these categories, what could you do to
help him/her overcome it?’

Probing questions, if necessary: “In particular what type of solved examples or
problems could you give? What would you ask studentsto do with them? How
would you grade to help thistype of student?’

“I would like to focus on how hard it is for sudents to improve in the thingsin each
of these categories if they had trouble with them in the beginning of the course?
Please put the cards in order from easiest to hardest for sudents to improve. Please
explain your ordering.”

Write ordering on recording sheet.
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Q5:

Q6:

Q.

Q8:

“Which of these thingsis it reasonable to expect most students to be able to do by
the end of the introductory caculus-based physics course? Why?”

“Next, I'd like to find out where your students are regarding the things you
mentioned. Think about atypica calculus based physics course at your school. For
each category check the appropriate box that represents roughly what portion of the
class can do these sorts of things at the beginning of the course and what portion of
your class can do them at the end of the course?’

Allow Interviewee to fill in appropriate section on recording sheet.

“I want you to focus on two kinds of students: those who improved things they had
trouble with at the beginning, and those who did not. What makes these 2 kinds of
sudents different?’

Probing questions, if necessary: “What things did each kind of student do during
class? What qudities did each kind of student bring to class?’

“Looking down the list of changes of your students during the course, are you
happy with your course outcomes? What would need to be different in order for
you to be happier?’

Probing questions, if necessary: “How should your inditution treat the Introductory
physics course? What can you as an ingtructor do? Should students be required to
bring certain quditiesto class?”’

Probing questions, if the instructor indicates that he is interested in changing something
about himself or his teaching (if necessary): “What could help you in doing things
differently? What could help you to find out how you could do things differently?’
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Recording Sheet (For Situation #4)
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Cover Letter

Homework Problem

Background Questionnaire
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Physics Education Research Group
April XX, 2000

Dr. Research Participant
Department of Physics
Whatever University
123 Street Address
City, State, ZIP

Dear Dr. Participant;

Thank you for agreeing to participate in our NSF-sponsored study “Problem Solving in
Introductory Physics”. Your interview is scheduled for Tuesday, April XX, 2000 at 1:00 PM.
We will meet you at your office. The interview will be videotaped and take approximately 12
hours to complete.

Enclosed is a background questionnaire that we would like you to complete — it should take
about 5 minutes. Also enclosed is an introductory physics problem labeled “Homework
Problem”. Many parts of the interview will be based around this problem and its solution so
we’d like you to solve it before coming to the interview.

We appreciate your participation in this project and hope that you will find the interview thought
provoking.

Please contact us if you have any questions.

Sincerely;

Charles Henderson Edit Yerushalmi
612-625-9323 612-624-7578
hend0007@tc.umn.edu Idit@physics.umn.edu
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Homework Problem

You are whirling a stone tied to the end of a string around in a vertical circle having a radius of
65 cm. You wish to whirl the stone fast enough so that when it is released at the point where
the stone is moving directly upward it will rise to a maximum height of 23 meters above the
lowest point in the circle. In order to do this, what force will you have to exert on the string
when the stone passes through its lowest point one-quarter turn before release? Assume that by
the time that you have gotten the stone going and it makes its final turn around the circle, you
are holding the end of the string at a fixed position. Assume also that air resistance can be
neglected. The stone weighs 18 N.

( The correct answer is 1292 N ’
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BACKGROUND INFORMATION

Your answers to the following questions will help us understand the interview results.

Name

Where do you teach?

Sex: [ ] Male

[] Female

How many years have you taught physics at the college level?

Introductory Introductory Introductory
Calculus- Algebra- Honors
Based Physics | Based Physics Physics
Is this class offered at your school? L] Yes [] Yes [] Yes
[] No [] No [ No

How many times have you taught this
course?

What was the last year that you taught
this course?

COURSE INFORMATION:

Please answer the following questions as they apply to the introductory calculus-based

course at your school when you are the course instructor.

How many students are in a typical introductory calculus-based course:

What is the gender distribution of a typical introductory calculus-based course:

% Male

% Female

Background Information
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Who is in charge: [ ] Iam

Contact hours/week:

(] Someone else
(Another Professor, Staff
Member, Teaching
Assistant, etc.)

~

oo og

What type(s) of special sessions do you have?

No Special Session
Recitation / Discussion
Session

Tutorial Session
Problem-Solving Session
Other:

Who is in charge? [ ] Iam

[ ] Someone else

Contact hours/week:

(Another Professor, Staff
Member, Teaching Assistant,
etc.)

Please check the appropriate box to indicate how often the following activities occur in each

portion of your introductory calculus-based physics course. Each activity is broken down into

two categories — one involving problem solving and the other involving other types of activities.
N

| A =HARDLY EVER B =NOTVERY OFTEN C = SOMETIMES D = QUITE OFTEN E = ALMOST ALWAYS I

.

Lecture I Special Session
ABCDE|ABCTDE
Instructor solves example problem O 0O0O0Ono |D 0O 00O
Other Instructor presentation (e.g. lecture, demo) O0O0dan !D On0oo0oad
Whole-class discussion leading to a problem solution [ [ [ [ [ ;D 0o
((:)otrtll‘c::; ;:)hole—class discussion (e.g. exploring new 0000 D:D 0000
Student presents problem solution O0O0O000,1d 00000
Other student presentation (e.g. project report) OO0O000i%mooOooao
Students work in small groups to solve a problem O 0000 :D Oo0ood
g;?ve(r: ;Itltéc;::)t small group work (e.g. discussing OooOoOIOoOooOo
Students work alone to solve a problem OO0 0O :D Oo0odd
Other individual student work (e.g. read textbook) [J (1 (0 (0 04O O O O O

Background Information Page 2 of 4
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Who is in charge? [ ] Iam
D Someone else (Another Professor, Staff Member, Teaching Assistant, etc.)

Contact hours/week:

Please check the appropriate box to indicate the importance of the following goals in the
Laboratory portion of your introductory calculus-based physics course.

A = UNIMPORTANT C = SOMEWHAT IMPORTANT E = VERY IMPORTANT
B = SLIGHTLY IMPORTANT D = IMPORTANT

»
=]
@]
=}
=

The purpose(s)/goal(s) of our lab is for students to:
Verify physical principles

Learn to use experimental tools
Build conceptual knowledge
Develop scientific reasoning skills
Improve problem solving skills

Other:

oogdoog
I
N O O O O
N O 0 O Y
Oo0OoOoOooo-g

Contact hours/week:

Who is in charge? [ ] Iam
[ ] Someone else (Another professor, Staff Member, Teaching Assistant, etc.)

How much time do you spend grading (hours/week)?

Background Information Page 3 of 4

238



Goals for the Introductory Physics Course:

Many different goals could be addressed through a calculus-based introductory physics
course. Please rate each of the following possible goals in relation to its importance.

A = UNIMPORTANT C = SOMEWHAT IMPORTANT E = VERY IMPORTANT
B = SLIGHTLY IMPORTANT D = IMPORTANT
A B C
Know the basic principles behind all physics (e.g. forces, conservation
of energy,...). (0 I R I O I
Know the range of applicability of the principles of physics (e.g.
conservation of energy applied to fluid flow, heat transfer, OO0 0 d
plasmas,...).
Be familiar with a wide range of physics topics (e.g. specific heat, AC
circuits, rotational motion, geometric optics,...). O ooon
Solve problems using general quantitative problem solving skills
within the context of physics. O oooo
Solve problems using general qualitative logical reasoning within the
context of physics. O oood
Formulate and carry out experiments. [ I I T I O I B
Analyze data from physical measurements. O oOo0oogd
Use modern measurement tools for physical measurements (e.g. OO0 00
oscilloscopes, computer data acquisition, timing techniques,...).
Program computers to solve problems within the context of physics. O 0O 0O g™
Overcome misconceptions about the behavior of the physical world. OO 0O O o
Understand and appreciate “modern physics” (e.g. solid state, quantum O 0000
optics, cosmology, quantum mechanics, nuclei, particles,...).
Understand and appreciate the historical development and intellectual
organization of physics. Doooo
Express, verbally and in writing, logical, qualitative thought in the
context of physics O oo
Learn to work in teams to solve problems within the context of
physics. o ooaog
Use with confidence the physics topics covered. T A A e I O I
Apply the physics topics covered to new situations not explicitly
taught by the course. o oaoo
Other Goal: O I R I O B IO

Please place a star (*) next to the two goals listed above that you consider
to be most important.
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239



Appendix F

Consent Form

240



CONSENT FORM
Problem Solving in Introductory Physics

You are invited to be in a research study of physics problem solving. We have selected
you because you have taught introductory calculus-based physics in the Twin Cities area
in the last five years. We ask that you read this form and ask any questions you may have
before agreeing to be in the study.

This study is being conducted by: Pat Heller, Ken Heller, Charles Henderson, and 1dit
Yerushalmi from the University of Minnesota.

Background Information:

We are conducting a study, funded by the National Science Foundation, to determine
what physics faculty value in the learning and teaching of problem solving. We will use
this information to improve the design of curricular materials.

Procedures:

If you agree to be in this study, you will be asked to complete four tasks that are based on
physics problems and solutions taken from introductory calculus-based physics courses.
The entire interview should take approximately 1'% hours. The interview will be
videotaped, however the video will be focused on the activity you are performing. Your
face or other identifying features will not be videotaped.

Risks and Benefits of Being in the Study:

There are no risks to participation in this study.

We hope that you will find the interview questions interesting and that they allow you to
think about aspects of physics instruction that you might not frequently have the time to
consider.

Confidentiality:

The records of this study will be kept private. In any sort of report we might publish, we
will not include any information that will make it possible to identify you. Research
records will be kept in a locked file; only researchers will have access to the records.

The videotapes will only be accessible by the researchers. They will be kept for three
years after the completion of the study and then destroyed.

Problem Solving In Introductory Physics — Consent Form Page 1 of 1
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Voluntary Nature of the Study:

Your decision whether or not to participate will not affect your current or future relations
with the University of Minnesota. If you decide to participate, you are free to withdraw at
any time without affecting those relationships.

Contacts and Questions:

The researchers conducting this study are Pat Heller, Ken Heller, Charles Henderson, and
Idit Yerushalmi. You may ask any questions you have now. If you have questions later,
you may contact them at Physics Building, room #161; Phone: (612) 625-9323.

If you have any questions or concerns regarding the study and would like to talk to
someone other than the researcher(s), contact Research Subjects’ Advocate line, D528
Mayo, 420 Delaware Street S.E., Minneapolis, Minnesota 55455; telephone (612) 625-
1650.

You will be given a copy of this form to keep for your records.

Statement of Consent:

I have read the above information. I have asked questions and have received answers. |
consent to participate in the study.

Signature Date
Signature of Investigator Date
Problem Solving In Introductory Physics — Consent Form Page 2 of 2
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