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Objective and Research QuestionsObjective and Research Questions

ObjectiveObjective: Facilitate students’ transfer of
problem solving skills across problems ofp g p
different contexts and representations

ResearchResearch QuestionsQuestions:
What kinds of difficulties do students have when solving
problems different contexts and representations?
How does the sequence in which problems of different
contexts and representations are presented to studentscontexts and representations are presented to students
affect their performance?
What kinds of scaffolding may help students overcome
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g y p
those difficulties?



MethodologyMethodology
Teaching/Learning InterviewsTeaching/Learning Interviews11g gg g

Calculus-based physics volunteers (N = 20)

Each participant as inter ie ed 4 times d ring semesterEach participant was interviewed 4 times during semester.

Each interview came after an in-class exam.

Each interview, the students were:
• Asked to solve three problems:

Original problem: a problem from most recent exam
Graphical problem: part of info. given as graph
F ti l bl t f i f i f tiFunctional problem: part of info. given as function

• Asked to think aloud while solving problems.
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• Given verbal hints whenever unable to proceed.

11Engelhardt, et. al. 2003Engelhardt, et. al. 2003



Examples of Interview ProblemsExamples of Interview Problems
Original problem in Interview 2g p
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Examples of Interview ProblemsExamples of Interview Problems
Functional problem in Interview 2Functional problem in Interview 2
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Examples of Interview ProblemsExamples of Interview Problems
Graphical p
problem in 
Interview 2
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Results : Results : 
Common themes in students’ performanceCommon themes in students’ performance

Case Reuse: 

- Students tried to mimic the previous problems whenever 
possible.

P di t bl b t t h l f l i t i i t i- Predictable, but not helpful in most cases in our interviews.

- Example: finding spring potential energy in interview 2.

Interpreting a graph:

- When given a graph, students always thought of the slope.

- Students needed a lot of hints to recognize integral = area 
under graph
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Results : Results : 
Common themes in students’ performanceCommon themes in students’ performance

Physical meaning of integral: 

- Most students did not know 
physical meaning of 
integration

A

integration.

- Hints on meaning did not 
make much sense.

- Hints on basic things like 
units of quantities: more 
effective.

- Example: graphical problem 
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in interview 4



Results : DifficultiesResults : Difficulties
GRAPH bl t i f ti f th hGRAPH: unable to process information from the graph 
provided.

FUNCTION: inappropriate interpretation or use of theFUNCTION: inappropriate interpretation or use of the
function given.
PRINCIPLE: inappropriate use of physical principles.C app op ate use o p ys ca p c p es
QUANTITY: incorrect use, calculations, and units of physical
quantities.
FORMULA: incorrectly recalls a formula or interpret meaning
of formulae/expressions.
VALUE i t l f h i l titiVALUE: uses incorrect value of physical quantities.
MATH: unable to manipulate mathematical processes.
CALCULATION i l l l ti
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CALCULATION: simple calculation errors.



GRAPH: enables students to read off and process
Results: HintsResults: Hints

information from the graph provided.
QUANTITY: helps students plan a strategy to find desired
quantities using the info given (e g graph function) or toquantities using the info. given (e.g. graph, function), or to
decide which quantities are applicable in each situation.
MATH: questions on meaning of mathematical notations andMATH: questions on meaning of mathematical notations and
operators.
PRINCIPLE: enables students to determine the appropriate

i i lprinciple to use.
INFO: asks students to take a more careful look at the
problem statement to gather necessary dataproblem statement to gather necessary data.
FORMULA: helps students understand the meaning of a
formula or an equation.
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q
CALCULATION: helps students recognize and correct simple
calculation errors.



DIFFICULTIES: G-F SEQUENCE3
PE

R
 

2

U
LT

IE
S 

D
EN

T

1

F 
D

IF
FI

C
ST

U

0

PL
E

IT
Y

U
LA

LU
E

AT
H

A
PH O
N

LC R
O

R

# 
O

F

PR
IN

C
IP

Q
U

A
N

T

FO
R

M
U

VA
L

M
A

G
R

A

FU
N

C
TI C
A

ER
R

ORIGINAL
GRAPHICAL

11
FUNCTIONAL



DIFFICULTIES: F-G SEQUENCE3
PE

R
 

2

U
LT

IE
S 

D
EN

T

1

F 
D

IF
FI

C
ST

U

0

IP
LE

TI
TY

M
U

LA

A
LU

E

M
AT

H

R
A

PH

TI
O

N

A
LC R
O

R# 
O

F

PR
IN

C
I

Q
U

A
N

T

FO
R

M VA M

G
R

FU
N

C
T C
A

ER

ORIGINAL
FUNCTIONAL

12
GRAPHICAL



Results :Results :
Sequencing EffectSequencing EffectSequencing EffectSequencing Effect

RepresentationalRepresentational aspect

GG--F sequenceF sequence: most 
difficulties with graphdifficulties with graph 

FF--G sequenceG sequence: minor 
difficulty with functiondifficulty with function

Students’ transfer occurs 
more easily in the F-G 
sequence than in the G-F 
sequence.
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Results : Results : 
Sequencing EffectSequencing EffectSequencing EffectSequencing Effect

ContextualContextual aspect
(from Original to 2nd problem(from Original to 2nd problem

From Original to GraphicalFrom Original to Graphical: g pg p
minor difficulties with 
principle and quantities.

From Original to FunctionalFrom Original to Functional: 
some difficulties with 
principle and significant 
difficulties with quantities.
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ConclusionsConclusions
Students were unable to interpret physical meaning ofStudents were unable to interpret physical meaning of 
mathematical operators and processes. 
• Thus had difficulties solving problems in graphical and 

functional representations.

When the context of the problem changed, could not relate 
the new problem to the original problem. 
• Thus had difficulties identifying the principle and 

physical quantities needed to solve the new problemphysical quantities needed to solve the new problem

The sequence of problems affected their performance:
• Representational Change: Easier when Functional problem• Representational Change: Easier when Functional problem 

is presented before Graphical problem.
• Contextual Change : Harder when accompanied by 

t ti l h f N i l t G hi l
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representational change from Numerical to Graphical 



THANK YOUTHANK YOUTHANK YOUTHANK YOU
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