CHAPTER 5: IMPLICATIONS

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

Summary of Study

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

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

Theoretical Implications

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

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

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

Methodological Implications

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

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

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

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

sudies.

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

Some College Students (Map 1)

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

Gdlagher & Tobin (1987) found that the high school teschers they <studied
generdly use the top 25% of students in making decisions about the pace of the course
(see p. 34). If these dtudents gppear to understand, then the teachers are satisfied.
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Smilarly, the college indructors in this study seemed to use their beliefs about student
ability and learning characteridics to judify ther teaching decisons. In the current
sudy, two indructors indicated that they specificaly target certain groups of students —
one targets dudents with high and middle ability and the other targets students with
beneficid learning characteristics (see Some College Students Map, p. 114). They are
satisfied if these students learn.  Similarly, the other indructors dso appear to have
conceptions that students failure to learn how to solve physics problems is a result of
student characterigtics rather than indruction.

Solve Physics Problems (Map 2)

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

Students Current State (Map 3)

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

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

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

Learning Activities Cluster (Maps 4-6)

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

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

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

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

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

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

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

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

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

do not expect dl of the sudentsin their classto learn.

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

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

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

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

because “when | was in high school, | remember the expresson for kinetic energy was

186



derived for me drictly by dimensond andysis and | was very unsatisfied with it” (RU3,
statement #131).

Appropriate Knowledge (Map 10)

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

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

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

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

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

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

The lngructional Paradox

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

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

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

The Role of Prior Experience in Problem Solving

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

stuations and are seldom combined.

* Theinstructional paradox is similar to the learning paradox that recognizes the inherent difficulty in
developing acomplete learning theory — that is, how isit that more complex knowledge is built from less
complex knowledge? (see, for example, Bereiter, 1985; Carey, 1986; Prawat, 1999)

190



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

The Role of PERFORMANCE MONITORING in Problem Solving

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

Possible Reasons for the Instructional Paradox

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

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

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

Knowledge About the Initid Sate of the Student

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

Knowledge About the Desired Learner Outcomes

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

The ingructors did tend to recognize festures of good problem solving when they
saw it. Map 9 (Appropriate Example Solutions, p. 143) shows that four of the instructors
favored Ingructor Solution 3 (the explicit reasoning solution used in the interview) over
the other two solutions.  As described in Chapter 3 (p. 66), this solution contained severd
features of good problem solving as described by the research literaiure.  Although the
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ingructors tended to favor this solution, none of them were able to clearly explain why.
Thus, dthough these indructors could identify good problem solving when they saw it,
they did not have the explicit knowledge of the problem solving process to dlow them to
identify desired student outcomesin terms of problem solving.

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

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

Learning problem solving is a non-linear process. The indructors in this study
know that students learn how to solve physics problems by solving physics problems.
They are caught in a paradox, however because they don’'t understand how students can
get this experience solving physcs problems unless they aready know how to solve
physics problems. That is, they don't understand the non-linear nature of learning how to
solve physics problems.  As described above (p. 190), there is evidence in the interview
to suggests tha dl of these indructors, dthough they may tangentidly mention the
necessty of prior experience, do not have this well incorporated into their conception of

193



how an introductory student can solve physics problems. As discussed below, research
has shown that there are ways ingtructors can provide support so that students can get
experience solving problems before they have enough experience or PERFORMANCE
MONITORING skills to successfully solve problems on their own.

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

Knowledge of Teaching Strategies

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

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

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

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

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

Specific Unanswer ed Questions for Future Studies

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

Do Instructors Think That They Teach Motivated Students?

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

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

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

perspectives would continue to prove ussful.

Is the Resource of Individuaized Responses More Than One Resource?

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

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

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

What isthe Role of Each of the Learning Activities?

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

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