CHAPTER 4: RESULTSAND CONCLUSIONS

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

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

Concept Maps

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

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

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

Concept Map Symbols

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

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

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

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

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

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

researcher inference was used).

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

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

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

reference to another map.

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

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

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

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

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

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

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

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

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

Who Can Learn?

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

physics problems.

Student Engagement in Learning Activities

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

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

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

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

ingtructors have this conception.

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

[ngtructor Management

Ingtructors see their role as managing the sudents while they are engaged in
learning activities. In making management decidons, indructors often  mentioned
condgdering the students current state (eg. how likely the students in a class are to

107



understand a particular explanation based on their current knowledge of physics). All of
the indructors, on occason, dso reflected on ther teaching Stuation or management
decisons that they had made in the past. These reflections often had an influence on
thelr current management decisions.

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

suggestions. All ingructors have al three conceptions.

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

example solutions, and lectures.

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

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

Figure 4-2
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Feature Maps

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

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

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

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

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

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

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

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

problems.

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

Naturd Ability

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

learning.

Learning Characterigtics

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

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

Figure 4-3
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Map 2: Solve Physics Problems

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

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

had only one conception of the problem solving process.

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

clearly explained how this was done.

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

choices.

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

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

2. Solve Physics|
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Map 3: Students Current State

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

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

Persona Characteristics Related to Learning

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

Knowledge/Skill Related to Problem Solving

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

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

Fgure4-7
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Learning Activities Cluster

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

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

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

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

to solve physics problems by working on appropriate problems.

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

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

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

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

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

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

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

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

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

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

appropriate example solutions.

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

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

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

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

In this cluster, instructors have three qualitatively different perspectives of

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

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

Map 7: Resource of Appropriate Problems

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

types as they were used in the interview.

From the Perspective of the Effect on Student Learning

There are three qualitatively different ways that instructors conceive of the

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

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

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

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

1.

2.

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

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

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

From the Pergpective of Required Instructor Time

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

ingructors interviewed expressed this conception that appropriate problems

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

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

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

From the Perspective of the Match with Student Preferences

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

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

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

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

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

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

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

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

From the Perspective of Reguired Ingtructor Time

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

From the Perspective of the Match with Student Preferences

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

Two of the indructors (RU3, RU6) explicitly sad which of the ingructor
solution artifacts were too long or complicated looking. Both put Instructor
Solution 2 and Ingructor Solution 3 in this category. This conception conflicts
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with these ingructors conceptions that Instructor Solution 2 and/or Instructor
Solution 3 would be the most helpful for student learning.
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Map 9 (part 2) — Resource of Appropriate Example Solut

Figure 4-16
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Map 8: Resource of Individudized Responses

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

falurein working on an appropriate problem.

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

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

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

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

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

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

1.

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

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

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

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

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

Figure 4-19
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Management Cluster

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

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

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

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

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

Setting condtraints on the problems that students work.

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

Appropriate Problems.

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

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

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

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

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

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

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

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

and then providing appropriate example solutions.

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

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

appropriate example solution.

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

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

Instructors can manage students engagement in learning activities of using

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

. Instructors can manage students engagement in learning activities of using
feedback by suggesting that students come to office hours for individual
coaching. Three of the ingructors described suggesting to students that they
come to office hours for individud coaching if they are having difficulties in the
class. During this coaching the indructor has a student try a problem and
provides assstance when needed. For example, RU4 said, “1 send a student to the
blackboard and quiz them. In the worst case, they’re going to say ‘I haven't any
idea how to do this problem'....So you say, ‘dright, let's dat. Draw a
picture ....” (RU4, statements 327-329). The Individudized Responses Map
(Map 8) provides more information about ingructor coaching during office hours.
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Figure 4-22: Map 12 (part 1) — Management of Students Engagement in Learning
Activities of Using Feedback (Path B)
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Figure 4-23: Map 12 (part 2) — Management of Students Engagement in Learning
Activities of Using Feedback (Path B)
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Map 13: Management of Students Engagement in Learning Activities of
L ooking/Ligtening (Path C)

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

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

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

161



2.

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

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

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

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

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

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

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

course.

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

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

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

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

There are four qualitatively different ways that instructors reflect on their

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

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

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

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

1.

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

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

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

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

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

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

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

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

Some College Students (Map 1)

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

Solve Physics Problems (Map 2)

The problem solving process is:

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

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

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

Students’ Current State (Map 3)

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

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

Working on Problems
(Map 4)

how to solve physics problems.

Using Feedback
(Map 5)

Looking/Listening
(Map 6)

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

Students can learn by using

feedback while/after working

on appropriate problems

(6 of 6):

- Using delayed feedback
(6 of 6)

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



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

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

Appropriate Problems
(Map 7)

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

- Should be based on

students’ current
state (6 of 6)

- Should be based on

realistic situations
(5 of 6)

create and grade
(5 of 6)

students (2 of 6)

Appropriate

Example
Solutions
(Map 9)

- Should convey

information to
students (6 of 6)

- Should be based on

students’ current
state (6 of 6)

- Should be easy to

write or find (4 of 6)

- Should not be too

long or complicated
looking (4 of 6)

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

Learning
Activities

activities

Three Management Activities

Setting Constraint

Making Suggestion

Providing Resource

Working on
Problems
(Map 11)

- on problems that

students work (6 of 6)

- on situations in which

students work
problems (3 of 6)

- that students work on

problems (3 of 6)

- of appropriate

problems (6 of 6)

Using Feedback (Map 12)

- that students work on

problems by collecting
solutions:

- test (6 of 6)

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

- of grades on student

solutions (6 of 6)

- that students work on

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

- of appropriate example

solutions (6 of 6)

- by arranging class time

for small group work
(4 of 6)

- of peer coaching

(4 of 6)

- that students come to

office hours (3 of 6)

- of instructor coaching

(4 of 6)

Looking/Listening
(Map 13)

- of solving problems on

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

- of talking about

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

- of solving problems on

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

Appropriate Knowledge (Map 10)

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

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

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

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

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

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

Reflection on Teaching (Map 14)

Instructors reflect on their teaching by:

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

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

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

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