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Default Method for Teaching 
Problem Solving in the 

Sciences: Worked Examples

Rationale for Worked 
Examples

• Learning and problem solving 
facilitated by directing attention 
appropriately and reducing 
cognitive load (i.e., not require 
students to mentally integrate 
multiple sources of information).

• Worked examples improve 
performance on similar problems 
because of schema acquisition. 
Later, transfer improves because 
of rule automation.

Effects of Worked 
Examples

• Overgeneralization from single 
analogue

• No conceptual schema acquisition, 
only process schema
– Problem solving learned as a procedure 
to be memorized, practiced, and 
habituated that emphasizes answer 
getting, not meaning making (Wilson, 
Fernandez, & Hadaway, 2001). 

– tendency to generalize problem solutions 
based on surface level similarities
among problems 

– Minimal transfer of problem solutions 
based on single example (Loewenstein, 
Thompson, & Gentner,1999)

• and inability to answer conceptual 
questions, such as….

A Solution: Analogical 
Encoding

• Process of mapping structural 
properties between multiple 
analogues

• Instructional use of multiple 
analogies (Gick & Holyoak, 1983)

• Comprehension, schema induction, 
and long term transfer across 
contexts greatly enhanced by 
comparing two analogues for 
structural alignment (Gentner et 
al, 1997, 1999, 2003, 2005)
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Theoretical Rationale 
for Analogical 

Encoding
• structure mapping theory (Gentner, 1983, 1989)
• structural alignment - analogues compared for 

their relational (structural) similarity
• structurally aligned analogues must have 

matching causal relationships but not 
necessarily common objects

• analogues have same systems of relations 

Structural Mapping 
Process

• analogues compared for their 
relational (structural) similarity -
relationships are mapped from source 
to target

• matching relations must have 
matching arguments and one-to-one 
correspondence

• Then, solve transfer problem

But…

• Research on analogical 
encoding used relatively 
simple, domain-neutral 
contexts (Duncker’s radiation 
problem, 1945). 

• Not attempted with domain-
specific problems

• Little research on quality of 
schemas constructed

Duncker’s Base Problem
• A small country was controlled by a dictator. The 

dictator ruled the country from a strong fortress. 
The fortress was situated in the middle of the 
country, surrounded by farms and village. Many roads 
radiated outward from the fortress like spokes on a 
wheel. To celebrate the anniversary of his rise to 
power, the dictator ordered his general to conduct a 
full-scale military parade. On the morning of the 
anniversary, the general's troops were gathered at 
the head of one of the roads leading to the 
fortress, ready to march. However, a lieutenant 
brought the general a disturbing report. The 
dictator was demanding that this parade had to be 
more impressive than any previous parade. He wanted 
his army to be seen and heard at one time in every 
region of the country. Further, the dictator was 
threatening that if the parade was not sufficiently 
impressive he was going to strip the general of his 
medals and reduce him to the rank of private. But it 
seemed impossible to have a parade that could be 
seen and heard in every part of the country

Duncker’s Target Problem
– Suppose you were a doctor faced with a 
patient who has a malignant tumor in his 
stomach. It is impossible to operate on the 
patient, but unless the tumor is removed, 
the patient will die. A kind of ray, at a 
sufficiently high intensity, will destroy 
the tumor. Unfortunately, at this 
intensity, the healthy tissue that the ray 
travels through on its way to the tumor 
will also be destroyed. At lower 
intensities, the rays are harmless to 
healthy tissue, but will not destroy the 
tumor. How can the ray be used to destroy 
the tumor without harming healthy tissue?

– Solution: Aim multiple, low intensity, rays 
at the tumor, from various angles, so that 
they all meet and combine in intensity at 
the tumor.

But, will it work 
with…

• Comparing cases is not automatic. Merely reading 
multiple cases is not enough to produce 
comparison effects that need to be trained 
(Loewenstein,Thompson, Gentner,1999)

• Making relational structure explicit during 
encoding promotes appropriate transfer.
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Scaffolding Analogical 
Encoding

• Because analogical encoding 
is not an automatic process, 
we examined how to scaffold 
the process through 
– Questions
– Structure Mapping

Research Venues

• Experiment 1
– Electrical Engineering 3610, N=50, 
Semiconductors and Devices, 
University of Missouri

• Experiment 2
– Physics 1210, N=207 at start), 
Introductory Physics, University of 
Missouri

• Experiment 3
– Physics 1510, Kansas State University

Question Treatment -
Exp 1 Map Treatment - EE

Assessments

• Transfer problem to solve

• Posttest Exam
• Far Transfer (question on 
final exam)

Results - Exp 1
• Online practice

• Tests

t (48) = 3.12, p = .003

NSD       NSD          NSD
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Discussion - Exp 1
• Students found the structure 
mapping treatment easier than 
questions that focused on 
conceptual relations

• No effect of treatment on test 
performance.

• Did not adequately assess 
conceptual understanding

• Extent of treatment insufficient 
to overcome established study 
methods or to focus students’
attention on structural nature of 
problem

Treatment - Exp 2

 

5 conceptual exercises on 
WebCT
Dynamics, work-energy, linear 
momentum, fluids,
thermodynamics

Results - Exp 2 Results - Exp 2

Broken down by question type

Pretest - Posttest-
Force Concept 

Inventory

Week 1 and Week 8

Discussion - Exp 2

• Lots of limitations
– No  control group
– Heavy course requirements
– Predictable study scripts
– Student aversion to innovation, and 
other vagaries of classroom research)

• Analogical encoding improved 
problem solving

• conceptually oriented analysis of 
problems better supported 
traditional problem solving than 
conceptual understanding (unlike 
Hung & Jonassen, 2006)
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Experiment 3 - Treatment 1

Work-energy
problems

GENERIC STRUCTURE MAPGENERIC STRUCTURE MAP
Force

(Non-Conservative)

Distance
(through which

Non-conservative
Force acts)

Work (by
Non-Conservative
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(Treatment II)

• TYPE 1 : Work – Energy Principle
– Problem # 6-19
– Problem # 6-23 (Change % change to actual number)

• TYPE 2 : Potential Energy
– Problem # 6-29
– Problem # 6-32

• TYPE 3 : Conservation of Mechanical Energy
– Problem # 6-37 (To be revised/replaced)
– Problem # 6-38

Training Problem PairsTraining Problem Pairs
(Problem #s are from Giancoli, 6th Ed.)

Experiment 3 - Results

What Next? Future 
Studies

• Compare with unscaffolded
(control) analogical encoding

• Effects of feedback on analogical 
encoding

• Effects of analogical encoding on 
question generation and effects on 
transfer

• Assess schema quality using:
– Text editing
– Problem classification
– Recall problem details
– Problem similarity

Questions, arguments

http://www.coe.missouri.edu/~jonassen/


