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1.1. Putting the study into Putting the study into 
perspectiveperspective

2.2. RationaleRationale

3.3. Background Background –– Initial Initial 
Explanatory ModelExplanatory Model

3.3. Current Study Current Study ––
Refined Explanatory Refined Explanatory 
ModelModel

4.4. SummarySummary
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Curricular Material that physics instructors will adopt for theiCurricular Material that physics instructors will adopt for their introductory r introductory 
calculuscalculus--based physics coursesbased physics courses

Instructors’ conceptions about various elements in the Instructors’ conceptions about various elements in the 
educational environment of introductory calculuseducational environment of introductory calculus--

based physicsbased physics

Explanatory Model of instructors’ Explanatory Model of instructors’ 
conceptions about the teaching and conceptions about the teaching and 

learning of problem solvinglearning of problem solving

Instructors’ conceptions Instructors’ conceptions 
about the problemabout the problem--solving solving 

processprocess
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InstructorInstructor

InitialInitial
StateState

of Learnerof Learner

DesiredDesired
FinalFinal
StateState

of Learnerof Learner

Transformation ProcessTransformation Process

TraditionalTraditional
InstructionInstruction

(i.e., teacher(i.e., teacher--centered centered 
lecture, verification labs, lecture, verification labs, 

textbook problems)textbook problems)

RationaleRationale

Van Heuvelen (1991), Van Heuvelen (1991), AJP, AJP, 59(10)59(10)

Not very effective at Not very effective at 
accomplishing certain accomplishing certain 

desired final statesdesired final states

Chi, Chi, FeltovichFeltovich, & Glaser, 1981; , & Glaser, 1981; 
Maloney, 1994; Mazur, 1997; Maloney, 1994; Mazur, 1997; 

McDermott, 1993; Van McDermott, 1993; Van HeuvelenHeuvelen, 1991, 1991
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InstructorInstructor

InitialInitial
StateState

of Learnerof Learner

Transformation ProcessTransformation Process

ResearchResearch--BasedBased
InstructionInstruction

(e.g., interactive (e.g., interactive 
engagement, problemengagement, problem--

solving labs, contextsolving labs, context--rich rich 
problems)problems)

Contributions of Physics EducationContributions of Physics Education

Tutorials Tutorials 
(McDermott et. al.)(McDermott et. al.)

Workshop Physics Workshop Physics 
(Laws et. al.)(Laws et. al.)

Peer Instruction Peer Instruction 
(Mazur et. al.)(Mazur et. al.)

Cooperative Group Problem Solving Cooperative Group Problem Solving 
(Heller et. al.)(Heller et. al.)

Minds on Physics Minds on Physics 
(Mestre et. al.)(Mestre et. al.)

Personal Assistants for Learning Personal Assistants for Learning 
(Reif et. al.)(Reif et. al.)

Overview, Case Study Overview, Case Study 
(Van Heuvelen et. al.)(Van Heuvelen et. al.)

SCALESCALE--UPUP
((BeichnerBeichner et. al.)et. al.)

DesiredDesired
FinalFinal
StateState

of Learnerof Learner
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It is important to either:It is important to either:
1.1. Change the curricular materials Change the curricular materials 

2.2. Change the instructor conceptionsChange the instructor conceptions

•• Curricular materials built on instructors’ conceptions are more Curricular materials built on instructors’ conceptions are more likely likely 
to be used and used appropriatelyto be used and used appropriately

We know from students:We know from students:
•• Changing conceptions is hard Changing conceptions is hard 

In either case it is first necessary to In either case it is first necessary to 
determine what these conceptions aredetermine what these conceptions are

Why don’t more instructors use research Why don’t more instructors use research 
based curricular materials?based curricular materials?

Our hypothesis: The available curricular materials Our hypothesis: The available curricular materials 
are not consistent with instructor’s conceptionsare not consistent with instructor’s conceptions
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Focus of This StudyFocus of This Study

Instructor Instructor 
ConceptionsConceptions

Instructor conceptions Instructor conceptions 
about theabout the problemproblem--solving solving 

processprocess

1.1.SubjectSubject (i.e., (i.e., 
conceptions about the conceptions about the 
subject they are teaching)subject they are teaching)
2.2.Teaching and Teaching and 
LearningLearning (e.g.,  (e.g.,  
pedagogical knowledge, pedagogical knowledge, 
orientation towards orientation towards 
teaching)teaching)
3.3.ContextContext (e.g., (e.g., 
conceptions of student conceptions of student 
capabilities, conceptions of capabilities, conceptions of 
administrative constraints)administrative constraints)

1.1. How they model/explain problem How they model/explain problem 
solving to studentssolving to students

2.2. How they expect students to solve How they expect students to solve 
problemsproblems

3.3. How they expect students to learn How they expect students to learn 
how to solve problemshow to solve problems

4.4. Their attitudes towards curricular Their attitudes towards curricular 
materialsmaterials

Influence*Influence*

*Prosser & *Prosser & TrigwellTrigwell (1999), (1999), Understanding Learning and TeachingUnderstanding Learning and Teaching
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•• Physics Course Physics Course (e.g., Donald, 1993)(e.g., Donald, 1993)

–– Key elementKey element
–– GoalGoal

•• Constituent DepartmentsConstituent Departments (e.g., survey conducted (e.g., survey conducted 
by PERG @ by PERG @ UMnUMn))

–– Goal: learn generalized problemGoal: learn generalized problem--solving solving 
skills within the context of physicsskills within the context of physics

•• LifeLife
–– Ability to solve problems in new situations Ability to solve problems in new situations 

or under new constraintsor under new constraints
–– Hallmark of successful scientists and Hallmark of successful scientists and 

engineersengineers
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Exploratory Study Exploratory Study ––
Small SampleSmall Sample

Focused Study Focused Study ––
Large SampleLarge Sample

Determine the distribution of conceptionsDetermine the distribution of conceptions
among instructors using a larger among instructors using a larger nationalnational samplesample

Initial Initial 
model based model based 

on on 66 RU instructorsRU instructors

Refine and expand the Refine and expand the 
initial  model based on  initial  model based on  2424

interviews  with  instructors frominterviews  with  instructors from
different institutions in the state of MNdifferent institutions in the state of MN

Sharpen understanding using an Sharpen understanding using an internationalinternational samplesample
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The Interview ToolThe Interview Tool
To investigate instructor conceptions, we developed a 1To investigate instructor conceptions, we developed a 1½½ -- 2 2 
hour interview based on instructional artifacts:hour interview based on instructional artifacts:

All artifacts were based on All artifacts were based on one problemone problem ---- instructors were instructors were 
given the problem and asked to solve it on their own before the given the problem and asked to solve it on their own before the 

interviewinterview

33rdrd)) 44 Problem types: Problem types: represent a range of therepresent a range of the types of types of 
problems usedproblems used in introductory physics coursesin introductory physics courses

22ndnd)) 55 Student solutions: based on Student solutions: based on actual final actual final 
examination solutions at the University of examination solutions at the University of 
Minnesota to representMinnesota to represent features of student features of student 
practicepractice

11stst)) 33 Instructor solutions: Instructor solutions: varied in the details of varied in the details of 
theirtheir explanationexplanation,, physicsphysics approachapproach, and, and
presentationpresentation structurestructure



1111

The Interview Tool The Interview Tool -- ISIS
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The Interview Tool The Interview Tool -- SSSS
Student 
Solution 

A

Student 
Solution 

B

Student 
Solution 

C

Student 
Solution 

D

Student 
Solution 

E
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The Interview Tool The Interview Tool -- PP
Problem A Problem B

Problem C

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

Final examination question (Fall, 1997)Final examination question (Fall, 1997)
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Selecting Instructors for InterviewsSelecting Instructors for Interviews

Roughly evenly divided among:Roughly evenly divided among:
1) Community College (CC) 1) Community College (CC) N = 7N = 7
2) Private College (PC) 2) Private College (PC) N = 9N = 9
3) State University (SU) 3) State University (SU) N=8N=8
4) Research University (RU) 4) Research University (RU) N = 6N = 6

Physics instructors in Minnesota (Physics instructors in Minnesota (~107~107 meet selection criteria):meet selection criteria):
•• taught introductory calculustaught introductory calculus--based physics course in the last 5 based physics course in the last 5 

years (conducted in Spring of 2000)years (conducted in Spring of 2000)
•• could be visited and interviewed in a single daycould be visited and interviewed in a single day

SampleSample Randomly SelectedRandomly Selected::
30 30 instructors instructors 

(From 35 contacted, 5 declined to be interviewed)(From 35 contacted, 5 declined to be interviewed)

Interviews were videotaped and the audio portion Interviews were videotaped and the audio portion 
transcribed:transcribed:

~ 30~ 30 pages of text/interviewpages of text/interview
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Exploratory Study Exploratory Study ––
Small SampleSmall Sample

Focused Study Focused Study ––
Large SampleLarge Sample

Determine the distribution of conceptionsDetermine the distribution of conceptions
among instructors using a larger national sampleamong instructors using a larger national sample

Initial Initial 
model based model based 

on on 6 6 RU instructorsRU instructors

Refine and expand the Refine and expand the 
initial  model based on  24 initial  model based on  24 

interviews  with  instructors frominterviews  with  instructors from
different institutions in the state of MNdifferent institutions in the state of MN

Sharpen understanding using an international sampleSharpen understanding using an international sample
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Analysis Analysis 
ProcedureProcedure
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Why Concept Why Concept 
Map?Map?

VideoVideo-- & audiotapes of & audiotapes of 
6 interviews6 interviews (> 9 hrs)(> 9 hrs)

Interview transcriptsInterview transcripts
(>180 pages)(>180 pages)

StatementsStatements
(>2400)(>2400)

Concept MapsConcept Maps
(14 x 6 = 84)(14 x 6 = 84)

Combined Combined 
Concept MapConcept Map

(14)(14)

Concept Maps allow for:Concept Maps allow for:

•• reductionreduction of complex data of complex data 
into visual representationsinto visual representations

•• explicit connectionsexplicit connections to be to be 
made between ideas that can made between ideas that can 
then be testedthen be tested
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“Process of Moving Towards a Goal When the “Process of Moving Towards a Goal When the 
Path is Uncertain”Path is Uncertain”
–– If you know how to do it, it is not a “problem”If you know how to do it, it is not a “problem”
–– A problem for a student is not a problem for the A problem for a student is not a problem for the 

facultyfaculty
Exercise vs. ProblemExercise vs. Problem

•• Problems are solved using toolsProblems are solved using tools
–– General Purpose HeuristicsGeneral Purpose Heuristics

•• Problem Solving involves Problem Solving involves Uncertainty and Uncertainty and 
MistakesMistakes

M. Martinez (1998), M. Martinez (1998), Phi Beta Phi Beta KappanKappan, April, April
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MetaMeta--
cognitioncognition

Fernandez, M.L., Fernandez, M.L., HadawayHadaway, N., & Wilson, J.W. (1994).  Problem Solving: Managing It , N., & Wilson, J.W. (1994).  Problem Solving: Managing It 
All.  All.  Connecting Research to TeachingConnecting Research to Teaching, 87:3, 195, 87:3, 195--199.199.

Understanding Understanding 
the Problemthe Problem

Making a Making a 
PlanPlan

Looking Looking 
BackBack

Carrying Out Carrying Out 
the Planthe Plan

Problem Problem 
StatementStatement

Limitation: Instructors’ conceptions are inferred from what theyLimitation: Instructors’ conceptions are inferred from what they
talk about when describing the problemtalk about when describing the problem--solving process during the solving process during the 
interview, in the context of introductory calculusinterview, in the context of introductory calculus--based physics, not based physics, not 
about how they actually solve problems or how they actually teacabout how they actually solve problems or how they actually teachh

PolyaPolya, , ReifReif, , 
BeichnerBeichner, , 
Heller & Heller & 

Heller, etc …Heller, etc …



2424

11

1.1. Linear Decision Linear Decision 
MakingMaking

22

2.2. Exploration and Exploration and 
Trial & ErrorTrial & Error

33

3.3. Art FormArt Form

3 3 
Conceptions Conceptions 

of the of the 
Problem Problem 
Solving Solving 
ProcessProcess

can be

can be

requires using 
an 

understanding of 
and e.g.

e.g.

which
involves

which involves

and then

if no error, then 
have found

if error, then 
return to

and then

and then

and then

to get

which
involves 

e.g.,
by

e.g.,
by

and then

and then

e.g., by

e.g., by

e.g.

if no error, then 
have found

and then

which can be 
done by

can be by
can be by

Solving Physics 
Problems

A process of 
exploration and trial 

and error
(RU1, RU6)

start from target quantities 
and work towards 

unknown (i.e. working 
backwards) (RU1, RU3)

start from known 
quantities and work 
towards target (i.e. 

working forwards) (RU6)

SPECIFIC 
TECHNIQUES

(RU1, RU2, RU3, RU4, 
RU5, RU6)

PHYSICS CONCEPTS
(RU1, RU2, RU3, RU4, 

RU5, RU6)
algebra 

(RU1, RU5)

drawing 
diagrams (RU2, 

RU3, RU6)

An art form that is 
different for each 

problem
(RU4)

clarifying 
thinking (RU3)

deciding where 
to start (RU1)

using an understanding 
of physics to explore and 

come up with possible 
approaches (RU1, RU6)

trying the possible 
approaches (RU1)

a path between the 
known and target 
quantities (RU1)

looking for 
errors (RU1, 
RU6-unclear)

deciding on the 
physics 

principles (RU3)

clarifying 
thinking (RU2)

using specific 
techniques (RU2, 

RU5)

the 
answer(RU2, 

RU3, RU6)

A linear decision-making 
process  (backtracking is 

not necessary)
(RU2, RU3, RU5)

deciding on the 
physics principles 

(RU2, RU5) using 
diagrams 
(RU2, RU3)

evaluate 
answer (RU2, 

RU3, RU6)

checking units 
(RU1, RU3, RU4, 

RU6)

organizing 
your work 
(RU3, RU4)and can be 

characterized 
as

determine chain 
of reasoning  

(RU3)

recalling previously 
solved problems 

(RU3, RU5)

Initial Initial 
Explanatory Explanatory 

ModelModel
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six research university instructorssix research university instructors
Conception 1: A Conception 1: A 
linear decisionlinear decision--
making processmaking process
(backtracking is not (backtracking is not 
necessary)necessary)

Step 1: “Know” physics Step 1: “Know” physics 
principle(s) to useprinciple(s) to use

Step 2: Clarify thinking Step 2: Clarify thinking 
(e.g. by using diagrams)(e.g. by using diagrams)

Step 3: Use tools (e.g., Step 3: Use tools (e.g., 
algebra, FBD) to get algebra, FBD) to get 
answeranswer

Step 4: Evaluate answerStep 4: Evaluate answer

Conception 2: A process Conception 2: A process 
of exploration and trial of exploration and trial 
and errorand error

Step 1: Decide on goal (e.g., Step 1: Decide on goal (e.g., 
target to known)target to known)

Step 2: “Explore” the Step 2: “Explore” the 
problem and “decide” on problem and “decide” on 
possibly useful approaches or possibly useful approaches or 
principlesprinciples

Step 3: Try most promising Step 3: Try most promising 
approachapproach

Step 4: Evaluate progress Step 4: Evaluate progress 
(return to step 2 if necessary)(return to step 2 if necessary)

Conception 3: An Conception 3: An 
art form that is art form that is 
different for each different for each 
problemproblem

(no process given)(no process given)
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Exploratory Study Exploratory Study ––
Small SampleSmall Sample

Focused Study Focused Study ––
Large SampleLarge Sample

Determine the distribution of conceptionsDetermine the distribution of conceptions
among instructors using a larger national sampleamong instructors using a larger national sample

Initial Initial 
model based model based 

on 6 RU instructorson 6 RU instructors

Refine and expand the Refine and expand the 
initial  model based on initial  model based on 24 24 

interviews   with  instructors frominterviews   with  instructors from
different institutions in the state of MNdifferent institutions in the state of MN

Sharpen understanding using an international sampleSharpen understanding using an international sample

NowNow

••PERC PERC 
Proceedings (2001)Proceedings (2001)
••PERC PERC 
Proceedings (2002)Proceedings (2002)
••Henderson Henderson 
Dissertation (2002)Dissertation (2002)
••Henderson, et. al. Henderson, et. al. 
(2004), (2004), AJPAJP

(Community College, Private College, State University)(Community College, Private College, State University)
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•• There are consequently three subThere are consequently three sub--questionsquestions
–– When the sample of instructors is increased from 6 to 30:When the sample of instructors is increased from 6 to 30:

1.1. Do the qualitatively different conceptions of the problemDo the qualitatively different conceptions of the problem--
solving process in the Initial Explanatory Model remain the solving process in the Initial Explanatory Model remain the 
same?same?

2.2. Where appropriate, can the lack of detail in the problemWhere appropriate, can the lack of detail in the problem--
solving process be filled?solving process be filled?

3.3. Are the different conceptions of the problemAre the different conceptions of the problem--solving process solving process 
really qualitatively different?really qualitatively different?

To what extend does the Initial Explanatory Model To what extend does the Initial Explanatory Model 
of instructors’ conceptions about the problemof instructors’ conceptions about the problem--

solving process need refinement and expansion?solving process need refinement and expansion?



2828

•• IdentifyIdentify parts of interview where statements about the parts of interview where statements about the 
problemproblem--solving processsolving process were found in previous studywere found in previous study

•• AnalyzeAnalyze additional interviewsadditional interviews
–– CodeCode only statements regarding the only statements regarding the problemproblem--solving processsolving process
–– Generate Generate problemproblem--solving processsolving process concept mapconcept map

•• RefineRefine Initial Explanatory ModelInitial Explanatory Model (randomly selected, non(randomly selected, non--
research university faculty)research university faculty)

•• DevelopDevelop Refined Explanatory ModelRefined Explanatory Model

TargetTarget a feature (a feature (ProblemProblem--Solving Solving 
ProcessProcess) of the ) of the initial explanatory initial explanatory 

modelmodel andand cut downcut down the analysis timethe analysis time

6 interviews6 interviews 30 interviews30 interviewsAnalyzing interviews is Analyzing interviews is 
very time consumingvery time consuming



2929

Analysis Analysis 
ProcedureProcedure

~ 40 to 110 statements ~ 40 to 110 statements 
with average of 73with average of 73
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•• There are consequently three subThere are consequently three sub--questionsquestions
–– When the sample of instructors is increased from 6 to 30:When the sample of instructors is increased from 6 to 30:

1.1. Do the qualitatively different conceptions of the problemDo the qualitatively different conceptions of the problem--
solving process in the Initial Explanatory Model remain the solving process in the Initial Explanatory Model remain the 
same?same?

2.2. Where appropriate, can the lack of detail in the problemWhere appropriate, can the lack of detail in the problem--
solving process be filled?solving process be filled?

3.3. Are the different conceptions of the problemAre the different conceptions of the problem--solving process solving process 
really qualitatively different?really qualitatively different?

To what extend does the Initial Explanatory Model To what extend does the Initial Explanatory Model 
of instructors’ conceptions about the problemof instructors’ conceptions about the problem--

solving process need refinement and expansion?solving process need refinement and expansion?
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and involvesand involves

can be 
characterized

as

that is

and

by

which requires

e.g., by and then

and

if it doesn't 
work, go back to

e.g., by

e.g., by

with

e.g.,

e.g.,

from

and

with

to get the

and
finally

and
finally

then

where it is 
necessary to

and at the end

that is

and then

and then

then

if it doesn't 
work, go back to

and finally

and

if it doesn't 
work, go back to

if it doesn't 
work, go back to

Solving Physics 
Problems

CYCLICAL
(100%, n = 7)

ARTISTIC
(100%, n = 1)

LINEAR
(100%, n = 22)

Understanding 
the problem 

(41%)

A Decision-
Making 
Process

Understanding, 
focusing, visualizing, 

and analyzing the 
problem (71%)

Brainstorm and 
explore to come up 

with possible 
approaches (100%)

Figuring out 
what is needed 

(57%)

Apply the 
principles and 

concepts (86%)

Experiment on 
an approach 

(57%)

Go through the 
mathematics 

(43%)

Evaluate the 
answer (57%)

Solve for what 
is being asked 

(43%)

Drawing pictures 
and diagrams (95% 

Linear, 86% 
Cyclical)

Visualization, extraction, 
and categorization of 
the physical situation 

(59%)

Listing, labeling, 
and defining all 

relevant variables 
(73%)

Recognize, decide on, 
and list the principles 
and concepts needed 

(82%)

Having an understanding 
of physics principles and 

concepts (77% Linear, 
57% Cyclical)

Apply the 
principles and 

concepts (64%)

Equations written 
in symbolic form 

(41%)

Make assumptions 
when necessary 

(36%)

Plug the 
numbers into the 
equations (32%)

Answer 
(41%)

Pay attention to 
units and 

dimensions (41%)

Checking the 
units (36% Linear, 

29% Cyclical)

Evaluating the 
reasonableness 
(55% Linear, 29% 

Cyclical)

Different for 
each problem

(100%)

Decide on 
where to start 

(73%)

11 22 33

Refined Explanatory ModelRefined Explanatory Model
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Description of Problem Solving Process by Description of Problem Solving Process by 
Institutional Type Institutional Type –– Type of ProcessType of Process

Problem-Solving Processes

0

5

10

15

20

25

Linear Cyclical Art Form
Type of Process

C
ou

nt
 o

f I
ns

tr
uc

to
rs

RU
SU
PC
CC

Linear consists of instructors from all 4 Linear consists of instructors from all 4 
types of institutionstypes of institutions

Cyclical consists predominately of Cyclical consists predominately of 
instructors from CC & RUinstructors from CC & RU
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33

22

11

Refined Explanatory ModelRefined Explanatory Model
(Convergent Study (Convergent Study –– n = 30)n = 30)

Initial Explanatory ModelInitial Explanatory Model
(Exploratory Study (Exploratory Study –– n = 6)n = 6)

Different Conceptions of Different Conceptions of 
the Problemthe Problem--Solving Solving 

ProcessProcess

Linear DecisionLinear Decision--Making Making 
Process (3)Process (3)

DecisionDecision--Making Process Making Process 
that is Linear (22)that is Linear (22)

An Art Form that is An Art Form that is 
different for each problem different for each problem 

(1)(1)

An Art Form that is An Art Form that is 
different for each problem different for each problem 

(1)(1)

Process of Exploration and Process of Exploration and 
Trial and Error (2)Trial and Error (2)

DecisionDecision--Making Process Making Process 
that is Cyclical (7)that is Cyclical (7)
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•• There are consequently three subThere are consequently three sub--questionsquestions
–– When the sample of instructors is increased from 6 to 30:When the sample of instructors is increased from 6 to 30:

1.1. Do the qualitatively different conceptions of the problemDo the qualitatively different conceptions of the problem--
solving process in the Initial Explanatory Model remain the solving process in the Initial Explanatory Model remain the 
same?same?

2.2. Where appropriate, can the lack of detail in the problemWhere appropriate, can the lack of detail in the problem--
solving process be filled?solving process be filled?

3.3. Are the different conceptions of the problemAre the different conceptions of the problem--solving process solving process 
really qualitatively different?really qualitatively different?

To what extend does the Initial Explanatory Model To what extend does the Initial Explanatory Model 
of instructors’ conceptions about the problemof instructors’ conceptions about the problem--

solving process need refinement and expansion?solving process need refinement and expansion?
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1.1. DecisionDecision--Making Process Making Process –– LinearLinear (n = 22)(n = 22)
Step 1: “Know” physics principle(s) to useStep 1: “Know” physics principle(s) to use

Step 2: Clarify thinking (e.g. by using diagrams)Step 2: Clarify thinking (e.g. by using diagrams)

Step 3: Use tools (e.g., algebra, FBD) to get answerStep 3: Use tools (e.g., algebra, FBD) to get answer

Step 4: Evaluate answerStep 4: Evaluate answer

Step 1:Step 1: Understand the problemUnderstand the problem

Step 2:Step 2: Visualize, extract, & categorize the Visualize, extract, & categorize the 
physical situationphysical situation

Step 3:Step 3: “Know” the correct physics principle(s) & “Know” the correct physics principle(s) & 
figure out an approach based on figure out an approach based on 
experience of having solved many experience of having solved many 
problemsproblems

Step 4:Step 4: Apply the principle(s) & make Apply the principle(s) & make 
assumptions when necessaryassumptions when necessary

Step 5:Step 5: Go through the mathematicsGo through the mathematics

Step 6:Step 6: Evaluate the answerEvaluate the answer

and involves

can be 
characterized

as

that is

with

e.g.,

e.g.,

from

and

with

to get the

and
finally

and
finally

then

where it is 
necessary to

and at the end

and then

and then

Solving Physics 
Problems

LINEAR
(100%, n = 22)

Understanding 
the problem 

(41%)

A Decision-
Making 
Process

Drawing pictures 
and diagrams (95% 

Linear, 86% 
Cyclical)

Visualization, extraction, 
and categorization of 
the physical situation 

(59%)

Listing, labeling, 
and defining all 

relevant variables 
(73%)

Recognize, decide on, 
and list the principles 
and concepts needed 

(82%)

Having an understandin
of physics principles an

concepts (77% Linear, 
57% Cyclical)

Apply the 
principles and 

concepts (64%)

Equations written 
in symbolic form 

(41%)

Make assumptions 
when necessary 

(36%)

Plug the 
numbers into the 
equations (32%)

Answer 
(41%)

Pay attention to 
units and 

dimensions (41%)

Checking the 
units (36% Linear, 

29% Cyclical)

Evaluating the 
reasonableness 
(55% Linear, 29% 

Cyclical)

Decide on 
where to start 

(73%)
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and involves

can be 
characterized

as

that is

and

by

which
requires

e.g.,
by

and then

and

if it doesn't 
work, go back to

e.g., by

e.g., by

then

if it doesn't 
work, go back to

and finally

and

if it doesn't 
work, go back to

if it doesn't 
work, go back to

Solving Physics 
Problems

CYCLICAL
(100%, n = 7)

A Decision-
Making 
Process

Understanding, 
focusing, visualizing, 

and analyzing the 
problem (71%)

Brainstorm and 
explore to come up 

with possible 
approaches (100%)

Figuring out 
what is needed 

(57%)

Apply the 
principles and 

concepts (86%)

Experiment on 
an approach 

(57%)

Go through the 
mathematics 

(43%)

Evaluate the 
answer (57%)

Solve for what 
is being asked 

(43%)

Drawing pictures 
and diagrams (95% 

Linear, 86% 
Cyclical)

Having an understanding 
of physics principles and 

concepts (77% Linear, 
57% Cyclical)

Checking the 
units (36% Linear, 

29% Cyclical)

Evaluating the 
reasonableness 
(55% Linear, 29% 

Cyclical)

2.2. DecisionDecision--Making Process Making Process -- CyclicalCyclical (n = 7)(n = 7)
Step 1: Decide on goal (e.g., target to known)Step 1: Decide on goal (e.g., target to known)

Step 2: “Explore” the problem and “decide” on possibly Step 2: “Explore” the problem and “decide” on possibly 
useful approaches or principlesuseful approaches or principles

Step 3: Try most promising approachStep 3: Try most promising approach

Step 4: Evaluate progress (return to step 2 if necessary)Step 4: Evaluate progress (return to step 2 if necessary)

Step 1:Step 1: Understand, focus, & visualize the Understand, focus, & visualize the 
problemproblem

Step 2:Step 2: “Brainstorm” &“Brainstorm” & “Explore” to come up “Explore” to come up 
with possible approaches & principle(s)with possible approaches & principle(s)

Step 3: Step 3: “Experiment” on an approach by deciding “Experiment” on an approach by deciding 
on where to start & apply the principle(s) on where to start & apply the principle(s) 
(go back to (go back to Step 2Step 2 as necessary)as necessary)

Step 4:Step 4: Go through the mathematics (go back to Go through the mathematics (go back to 
Step 2 or Step 3Step 2 or Step 3 as necessary)as necessary)

Step 5:Step 5: Evaluate the answer (go back to Evaluate the answer (go back to Step 2 Step 2 as as 
necessary)necessary)
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Fernandez, M.L., Fernandez, M.L., HadawayHadaway, N., & Wilson, J.W. (1994).  Problem Solving: Managing It , N., & Wilson, J.W. (1994).  Problem Solving: Managing It 

All.  All.  Connecting Research to TeachingConnecting Research to Teaching, 87:3, 195, 87:3, 195--199.199.

Problem Problem 
StatementStatement

Understanding Understanding 
the Problemthe Problem

Making a Making a 
PlanPlan

Looking Looking 
BackBack

Carrying Out Carrying Out 
the Planthe Plan

MetaMeta--
cognitioncognition

Limitation: Instructors’ conceptions are inferred from what theyLimitation: Instructors’ conceptions are inferred from what they
talk about when describing the problemtalk about when describing the problem--solving process during the solving process during the 
interview, in the context of introductory calculusinterview, in the context of introductory calculus--based physics,based physics, not not 
about how they actually solve problems or how they actually teacabout how they actually solve problems or how they actually teachh

PolyaPolya, , ReifReif, , 
BeichnerBeichner, , 
Heller & Heller & 

Heller, etc …Heller, etc …
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•• People’s Thinking about their own People’s Thinking about their own 
ThinkingThinking

FlavellFlavell, , FreidrichsFreidrichs, & Hoyt, 1970; , & Hoyt, 1970; BisanzBisanz, , VesonderVesonder, & Voss, , & Voss, 
1978; Cavanaugh & 1978; Cavanaugh & BorkowskiBorkowski, 1979; , 1979; KlueweKluewe, 1982; , 1982; LodicoLodico, , 
GhatalaGhatala, Levin, Pressley, & Bell, 1983; Schneider, 1985; , Levin, Pressley, & Bell, 1983; Schneider, 1985; 
SchoenfeldSchoenfeld, 1987; Paris & , 1987; Paris & WinogradWinograd, 1990; Nelson & , 1990; Nelson & DunloskyDunlosky, , 
1991; 1991; BorkowskiBorkowski & & MuthukrishnaMuthukrishna, 1992, 1992

Underlies all higher order thinking, Underlies all higher order thinking, 
especially problem solving!especially problem solving!
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•• Research has indicated Research has indicated ((SchoenfeldSchoenfeld, 1983, 1985a, 1985b, , 1983, 1985a, 1985b, 
1987;Lester, 1987;Lester, GarofaloGarofalo, & Kroll, 1989), & Kroll, 1989)

–– Successful problem solvers spend more time Successful problem solvers spend more time 
… … planningplanning the directions that may be taken the directions that may be taken 
… … monitormonitor and and evaluateevaluate their actions and their actions and 
cognitive processes throughout problemcognitive processes throughout problem--
solving episodes than do less successful solving episodes than do less successful 
problem solversproblem solvers

Let’s see how these instructors view the role of Let’s see how these instructors view the role of 
metacognitionmetacognition
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Procedure for analysis of Procedure for analysis of metacognitionmetacognition
 

Categorize 
statements as 

metacognitive items

Designate 
items to be 
P, M, or E 

Coding Metacognitive Processes 
for Each Instructor 

Develop 
composite 
phrasing 

Crosscheck with 
statements for 
consistency 

If statements 
don’t fit well, 

reword phrasing 

Composite of Metacognitive 
Processes for all Instructors 

Develop 
composite 
phrasing 

Crosscheck with 
individual phrasing 

for consistency 

If individual 
phrasing doesn’t 
fit well, reword 

phrasing 

Composite 
Range of 

Recognized 
Metacognitive 

Processes 
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BulkBulk

A naïve assumption could be that these instructors would A naïve assumption could be that these instructors would 
consider consider planningplanning, , monitoringmonitoring, and , and evaluatingevaluating equally in equally in 

problem solvingproblem solving

HH00: : nnpp = n= nmm = = nnee ��22 = 209.15, p < 0.000= 209.15, p < 0.000

747417217236036060660619481948TotalTotal

2266121220206565AverageAverage

88212131315353116116MaxMax

000033771414MinMin

EvaluatingEvaluatingMonitoringMonitoringPlanningPlanningMetacognitionMetacognitionProblem Problem 
SolvingSolving

Number of StatementsNumber of Statements
CountCount

These instructors, as a whole, did not talk about the three These instructors, as a whole, did not talk about the three 
types of types of metacognitionmetacognition equally when describing the equally when describing the 

problemproblem--solving processsolving process
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Different TypesDifferent Types

Metacognitive Type vs. Type of Problem-Solving Process
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Different ConceptionsDifferent Conceptions
LinearLinear

and involves

can be 
characterized

as

that is

with

e.g.,

e.g.,

from

and

with

to get the

and
finally

and
finally

then

where it is 
necessary to

and at the end

and then

and then

Solving Physics 
Problems

LINEAR
(100%, n = 22)

Understanding 
the problem 

(41%)

A Decision-
Making 
Process

Drawing pictures 
and diagrams (95% 

Linear, 86% 
Cyclical)

Visualization, extraction, 
and categorization of 
the physical situation 

(59%)

Listing, labeling, 
and defining all 

relevant variables 
(73%)

Recognize, decide on, 
and list the principles 
and concepts needed 

(82%)

Having an understanding 
of physics principles and 

concepts (77% Linear, 
57% Cyclical)

Apply the 
principles and 

concepts (64%)

Equations written 
in symbolic form 

(41%)

Make assumptions 
when necessary 

(36%)

Plug the 
numbers into the 
equations (32%)

Answer 
(41%)

Pay attention to 
units and 

dimensions (41%)

Checking the 
units (36% Linear, 

29% Cyclical)

Evaluating the 
reasonableness 
(55% Linear, 29% 

Cyclical)

Decide on 
where to start 

(73%)

Know to think explicitly 
about the problem situation 
in terms of the underlying 

physics (55%)

Know that having an 
understanding of the 

problem situation aids in the 
realization of what could be 

applied (41%)

Know to think about 
how to best approach 

the problem (32%)

Know to decide 
on a principle 

(41%)

Know to realize what 
one knows and what 
one does not know 

(36%)

Know to think explicitly 
about and justify reasoning 
that goes into the steps of a 

solution (32%)

Know to justify 
the principle 
used (32%)

Know to check the 
units of the equations 

used (45%)

Know to think about 
whether the answer is 

reasonable with respect to 
the problem situation (41%)

Know to think about 
whether the units of 

the answer is 
reasonable (32%)

CyclicalCyclical

and involves

can be 
characterized

as

that is

and

by

which
requires

e.g.,
by

and then

and

if it doesn't 
work, go back to

e.g.,
by

e.g.,
by

then

if it doesn't 
work, go back to

and finally

and

if it doesn't 
work, go back to

if it doesn't 
work, go back to

Solving Physics 
Problems

CYCLICAL
(100%, n = 7)

A Decision-
Making 
Process

Understanding, 
focusing, visualizing, 

and analyzing the 
problem (71%)

Brainstorm and 
explore to come up 

with possible 
approaches (100%)

Figuring out 
what is needed 

(57%)

Apply the 
principles and 

concepts (86%)

Experiment on 
an approach 

(57%)

Go through the 
mathematics 

(43%)

Evaluate the 
answer (57%)

Solve for what 
is being asked 

(43%)

Drawing pictures 
and diagrams (95% 

Linear, 86% 
Cyclical)

Having an understanding 
of physics principles and 

concepts (77% Linear, 
57% Cyclical)

Checking the 
units (36% Linear, 

29% Cyclical)

Evaluating the 
reasonableness 
(55% Linear, 29% 

Cyclical)

Know to visualize the 
problem situation in 

terms of pictures and or 
diagrams (43%)

Know to think explicitly 
about the problem situation 
in terms of the underlying 

physics (71%)

Know that having an 
understanding of the 

problem situation aids in the 
realization of what could be 

applied (30%)

Know to think about 
how to best approach 

the problem (57%)

Know to realize what 
one knows and what 
one does not know 

(30%)

Know to related the 
knowledge that one 
has to the problem 

situation (30%)
Know that abstracting/

analyzing information from the 
problem situation aids in 

thinking about how best to 
approach the problem (30%)

Know to brainstorm, 
splatter, and explore ideas 
about how to best approach 

the problem (57%)

Know to decide 
on a principle 

(43%)

Know to think about 
what one is doing to 
set up an organized 
plan of steps (71%)

Know to think explicitly 
about and justify reasoning 
that goes into the steps of a 

solution (30%)

Realize when the 
solution is not 

progressing desirably 
(86%)

Know to evaluate 
the progress of the 

soution (30%)

Know to check the 
process of the 
soution (30%)

Know to 
organize the 
soution (30%)

Know to think about 
whether the answer is 

reasonable with respect to 
the problem situation (57%)

Know to think about 
whether the units of 

the answer is 
reasonable (43%)

Know to check the 
relative magnitude of 

the answer (30%)
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Example ComparisonExample Comparison
LinearLinear CyclicalCyclical

with

Understanding 
the problem 

(41%)

Visualization, extraction, 
and categorization of 
the physical situation 

(59%)

Know to think explicitly 
about the problem situation 
in terms of the underlying 

physics (55%)

Know that having an 
understanding of the 

problem situation aids in the 
realization of what could be 

applied (41%)

Understanding, 
focusing, visualizing, 

and analyzing the 
problem (71%)

Know to think explicitly 
about the problem situation 
in terms of the underlying 

physics (71%)

Know that having an 
understanding of the 

problem situation aids in the 
realization of what could be 

applied (30%)

Know to realize what 
one knows and what 
one does not know 

(30%)

Know that abstracting/
analyzing information from the 

problem situation aids in 
thinking about how best to 

approach the problem (30%)
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Example ComparisonExample Comparison

then

and then

Recognize, decide on, 
and list the principles 
and concepts needed 

(82%)

Apply the 
principles and 

concepts (64%)

Decide on 
where to start 

(73%)

Know to think about 
how to best approach 

the problem (32%)

Know to decide 
on a principle 

(41%)

Know to think explicitly 
about and justify reasoning 
that goes into the steps of a 

solution (32%)

LinearLinear CyclicalCyclical

and

Brainstorm and 
explore to come up 

with possible 
approaches (100%)

Experiment on 
an approach 

(57%)

Know to think about 
how to best approach 

the problem (57%)

Know to brainstorm, 
splatter, and explore ideas 
about how to best approach 

the problem (57%)

Know to think about 
what one is doing to 
set up an organized 
plan of steps (71%)

Know to think explicitly 
about and justify reasoning 
that goes into the steps of a 

solution (30%)

Realize when the 
solution is not 

progressing desirably 
(86%)Know to evaluate 

the progress of the 
soution (30%)

Know to check the 
process of the 
solution (30%)
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•• There are consequently three subThere are consequently three sub--questionsquestions
–– When the sample of instructors is increased from 6 to 30:When the sample of instructors is increased from 6 to 30:

1.1. Do the qualitatively different conceptions of the problemDo the qualitatively different conceptions of the problem--
solving process in the Initial Explanatory Model remain the solving process in the Initial Explanatory Model remain the 
same?same?

2.2. Where appropriate, can the lack of detail in the problemWhere appropriate, can the lack of detail in the problem--
solving process be filled?solving process be filled?

3.3. Are the different conceptions of the problemAre the different conceptions of the problem--solving process solving process 
really qualitatively different?really qualitatively different?

To what extend does the Initial Explanatory Model To what extend does the Initial Explanatory Model 
of instructors’ conceptions about the problemof instructors’ conceptions about the problem--

solving process need refinement and expansion?solving process need refinement and expansion?
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•• To answer that question, I looked at the To answer that question, I looked at the 
details of the individual concept maps details of the individual concept maps 
within each of the 2 different conceptionswithin each of the 2 different conceptions

a) a) Ranking of Concept MapRanking of Concept Map

II to to VV, designating levels of detail with , designating levels of detail with 
respect to “requirement”, “rationale”, & respect to “requirement”, “rationale”, & 
“secondary clarification”“secondary clarification”
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1.1. If Sum is on the border of 2 Categories, use the number of interIf Sum is on the border of 2 Categories, use the number of interactions to decide on the appropriate actions to decide on the appropriate CategoryCategory
2.2. If multiplyIf multiply--linked items on a map can be thought of as a single chain of tholinked items on a map can be thought of as a single chain of thought, it should only be counted once as a ught, it should only be counted once as a RequirementRequirement, , ReasonReason, or , or Secondary Secondary 

ClarificationClarification
3.3. InterconnectionsInterconnections are links between different items of the problemare links between different items of the problem--solving process that are logically relatedsolving process that are logically related

Consists of a complete Consists of a complete 
skeleton of components skeleton of components 
(with the exception of (with the exception of 
““Looking BackLooking Back””), ), andand
Contains more than 3 Contains more than 3 
RequirementRequirement, , andand
Contains more than 3 Contains more than 3 
ReasonReason, , andand
Contains more than 3 Contains more than 3 
Secondary Secondary 
ClarificationClarification, , andand

2 out of 3 from above 2 out of 3 from above 
plusplus

SumSum of of ReqReq, Rea, & , Rea, & 
22’’nd nd ClaCla > 9> 9, and, and
3 and up3 and up
InterconnectionsInterconnections
apparent in concept apparent in concept 
mapmap

If If SUMSUM is large is large 
enough, but # of enough, but # of 
InterconnectionInterconnection is too is too 
low (i.e., low (i.e., ““2 or less2 or less””), ), 
drop down to drop down to Category Category 
IVIV

Consists of a complete Consists of a complete 
skeleton of components skeleton of components 
(with the exception of (with the exception of 
““Looking BackLooking Back””), ), andand
Contain at least 3 Contain at least 3 
RequirementRequirement, , andand
Contain at least 3 Contain at least 3 
ReasonReason, , andand
Contains at least 3 Contains at least 3 
Secondary Secondary 
ClarificationClarification, , andand

2 out of 3 from above 2 out of 3 from above 
plusplus

SumSum of of ReqReq, Rea, & , Rea, & 
22’’nd nd ClaCla 6 6 << 99, and, and
2 or 32 or 3 InterconnectionsInterconnections
apparent in concept apparent in concept 
mapmap

If If SUMSUM is large is large 
enough, but # of enough, but # of 
InterconnectionInterconnection is too is too 
low (i.e., low (i.e., ““1 or less1 or less””), ), 
drop down to drop down to Category Category 
IIIIII

Consists of a complete Consists of a complete 
skeleton of components skeleton of components 
(with the exception of (with the exception of 
““Looking BackLooking Back””),), andand
Contains at least 2 Contains at least 2 
RequirementRequirement, , andand
Contains at least 2 Contains at least 2 
ReasonReason, , andand
Contains at least 2 Contains at least 2 
Secondary Secondary 
ClarificationClarification, , andand

2 out of 3 from above 2 out of 3 from above 
plusplus

SumSum of of ReqReq, Rea, & , Rea, & 
22’’nd nd ClaCla 4 4 << 66, and, and
1 or 21 or 2 InterconnectionsInterconnections
apparent in concept apparent in concept 
mapmap

If If SUMSUM is large is large 
enough, but # of enough, but # of 
InterconnectionInterconnection is too is too 
low (i.e., low (i.e., ““00””), drop ), drop 
down to down to Category Category IIII

Consists of a complete Consists of a complete 
skeleton of components skeleton of components 
(with the exception of (with the exception of 
““Looking BackLooking Back””), ), andand
Contains at least 1 Contains at least 1 
RequirementRequirement, , andand
Contains at least 1 Contains at least 1 
ReasonReason, , andand
Contains at least 2 Contains at least 2 
Secondary Secondary 
ClarificationClarification, , andand

2 out of 3 from above 2 out of 3 from above 
plusplus

SumSum of of ReqReq, Rea, & , Rea, & 
22’’nd nd ClaCla 0 0 << 44, and, and
0 or 10 or 1 InterconnectionInterconnection
apparent in concept apparent in concept 
map map 

Consists of a Consists of a barebare--
bonesbones skeleton of skeleton of 
componentscomponents

withwith

NoNo RequirementsRequirements
listed, listed, andand
No No ReasonsReasons listed, listed, andand
NoNo Secondary Secondary 
ClarificationsClarifications listed, listed, 
andand
No No InterconnectionsInterconnections
apparent in concept apparent in concept 
mapmap

CriteriaCriteria
Components of PS Components of PS 

Process:Process:
Understand the Understand the 

Problem; Make Plan; Problem; Make Plan; 
Carry out Plan; Carry out Plan; 

Looking Back Looking Back (Do not (Do not 
code in lesser category code in lesser category 
if only if only ““Looking BackLooking Back””

is missing)is missing)
Requirement:Requirement:
Information necessary Information necessary 
to help execution of to help execution of 
main itemmain item
Reason:Reason: rationale that rationale that 
describes how/why describes how/why 
item helps facilitate item helps facilitate 
moving solution moving solution 
forwardforward
Secondary Secondary 
Clarification:Clarification:
information that information that 
clarifies what the main clarifies what the main 
item entailsitem entails
Interconnections:Interconnections:
connecting links (i.e., connecting links (i.e., 
logic loops) between logic loops) between 
different components different components 
& items within the PS & items within the PS 
ProcessProcess

VVIVIVIIIIIIIIIIIICategoriesCategories
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Ranking vs. Type of Problem-Solving Process
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•• To answer that question, I also looked at To answer that question, I also looked at 
other sources of dataother sources of data
b) b) Instructor liking an Example ISInstructor liking an Example IS

IS1: BareIS1: Bare--BoneBone

IS2: StepIS2: Step--byby--Step with RationaleStep with Rationale

IS3: Planning before ExecutionIS3: Planning before Execution



5151

Instructor liking an IS vs. Type of Problem-Solving Process
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•• To answer that question, I also looked at To answer that question, I also looked at 
other sources of dataother sources of data
b) b) Instructor liking an Example ISInstructor liking an Example IS

c) c) Solve problems using general Solve problems using general 
quantitative PS skills within the context quantitative PS skills within the context 
of physicsof physics

Very ImportantVery Important

ImportantImportant

Somewhat ImportantSomewhat Important

Slightly ImportantSlightly Important

UnimportantUnimportant



5353

Importance of Quantitative PS vs. Type of Problem-Solving Process
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•• To answer that question, I also looked at To answer that question, I also looked at 
other sources of dataother sources of data
b) b) Instructor liking an Example ISInstructor liking an Example IS
c) c) Importance of Quantitative PSImportance of Quantitative PS
d) d) Solve problems using general qualitative Solve problems using general qualitative 

PS skills within the context of physicsPS skills within the context of physics

Very ImportantVery Important

ImportantImportant

Somewhat ImportantSomewhat Important

Slightly ImportantSlightly Important

UnimportantUnimportant
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Importance of Qualitative PS vs. Type of Problem-Solving Process
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Looking at the details within the 2 Looking at the details within the 2 
different conceptions, and comparing different conceptions, and comparing 
across various other sources of data …across various other sources of data …

InternalInternal

a.a. Ranking of Ranking of 
Concept MapConcept Map

ExternalExternal

b.b. Liking an ISLiking an IS

c.c. Importance of Importance of 
Quantitative PSQuantitative PS

d.d. Importance of Importance of 
Qualitative PSQualitative PS

All showed qualitative differences and similar trends!All showed qualitative differences and similar trends!
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Two qualitatively different conceptions of the Two qualitatively different conceptions of the 
problemproblem--solving process: solving process: LinearLinear and and CyclicalCyclical

CyclicalCyclicalLinearLinearQualitative DifferencesQualitative Differences

KnowKnow Brainstorm, Explore, Brainstorm, Explore, 
and Experimentand Experiment

Decision on Decision on 
ApproachApproach

Not part of problem Not part of problem 
solvingsolving

Inherent part of Inherent part of 
problem solvingproblem solving

Uncertainties and Uncertainties and 
MistakesMistakes

Not NecessaryNot Necessary NecessaryNecessaryBacktrackingBacktracking

Less InvolvedLess Involved More ExtensiveMore ExtensiveMetacognitionMetacognition
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TheoreticalTheoretical

1.1. The initial explanatory model can serve as a The initial explanatory model can serve as a 
productive framework from which to study productive framework from which to study 
instructor conceptions in more detailinstructor conceptions in more detail

2.2. Increased observational reliability (Increased observational reliability (analysis over analysis over 
smaller segments, articulation of more explicit smaller segments, articulation of more explicit 
descriptions of model elements, refinements of model descriptions of model elements, refinements of model 
elements, and triangulation of observational supportelements, and triangulation of observational support))
•• provided a means for generalizing over samples in provided a means for generalizing over samples in 

the same populationthe same population
•• strengthened the refined explanatory model as a strengthened the refined explanatory model as a 

more viable modelmore viable model
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MethodologicalMethodological

1.1. Identification of relevant segments of the Identification of relevant segments of the 
interview allowed for a more targeted analysis interview allowed for a more targeted analysis 
procedure that is the nature of more procedure that is the nature of more 
convergent studiesconvergent studies

2.2. The analysis method made the model elements The analysis method made the model elements 
and interconnections explicitand interconnections explicit
•• proved to be useful when critiquing and refiningproved to be useful when critiquing and refining
•• provided a transparent way to include referenceprovided a transparent way to include reference

3.3. Specific targeting of problem solving effective Specific targeting of problem solving effective 
in uncovering other implicit conceptions that in uncovering other implicit conceptions that 
underlie the processunderlie the process
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PracticalPractical

1.1. Instructors expressed conceptions similar to the Instructors expressed conceptions similar to the 
problemproblem--solving frameworks in literaturesolving frameworks in literature (with (with 
different words and number of steps)different words and number of steps)
•• Frameworks and instructional structures must be Frameworks and instructional structures must be 

flexible so instructors have the freedom to refine as flexible so instructors have the freedom to refine as 
they see fitthey see fit

•• Frameworks and instructional structures must be Frameworks and instructional structures must be 
robust so that the refinements are not detrimentalrobust so that the refinements are not detrimental

Research has shown that problemResearch has shown that problem--solving frameworks solving frameworks 
that embody metacognitive processes can be effective that embody metacognitive processes can be effective 

tools in the instruction of problem solvingtools in the instruction of problem solving

It is unclear, however, if physics instructors, as experts in thIt is unclear, however, if physics instructors, as experts in the field, can e field, can 
adequately unpack the internalized knowledge on their own so as adequately unpack the internalized knowledge on their own so as to make the to make the 

instruction on problem solving and metacognition explicit and coinstruction on problem solving and metacognition explicit and coherentherent
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PracticalPractical

2.2. Instructors expressed limited conceptions Instructors expressed limited conceptions 
about certain metacognitive processesabout certain metacognitive processes (not as (not as 
much much monitoringmonitoring and and evaluating evaluating asas planningplanning))
•• Frameworks and instructional structures must Frameworks and instructional structures must 

explicitly address all metacognition, and provide  explicitly address all metacognition, and provide  
language with which to frame such metacognition language with which to frame such metacognition 
during instructionduring instruction

•• Frameworks and instructional structures must Frameworks and instructional structures must 
provide opportunities to experience the benefitsprovide opportunities to experience the benefits

Research has shown that problemResearch has shown that problem--solving frameworks solving frameworks 
that embody metacognitive processes can be effective that embody metacognitive processes can be effective 

tools in the instruction of problem solvingtools in the instruction of problem solving

It is unclear, however, if physics instructors, as experts in thIt is unclear, however, if physics instructors, as experts in the field, can e field, can 
adequately unpack the internalized knowledge on their own so as adequately unpack the internalized knowledge on their own so as to make the to make the 

instruction on problem solving and metacognition explicit and coinstruction on problem solving and metacognition explicit and coherentherent
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•• CloseClose--ended survey/questionnaire for ended survey/questionnaire for 
determining the distribution of physics determining the distribution of physics 
instructors’ conceptions in national instructors’ conceptions in national 
samplesample
–– Conceptions on processConceptions on process
–– Conceptions on decision makingConceptions on decision making
–– Main units of processMain units of process
–– Detail of processDetail of process
–– Role of MetacognitionRole of Metacognition
–– Types of MetacognitionTypes of Metacognition
–– etc …etc …



Or send Email to:Or send Email to:
vkuovkuo@physics.@physics.umnumn..eduedu

Please visit our website for Please visit our website for 
more information:more information:

http://groups.physics.http://groups.physics.umnumn..eduedu//physedphysed//


