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

16



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
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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

26



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,

35



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

36



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.
37



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
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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).

59





