Scaf f ol di ng Schema Def ault Met hod for Teaching
| nducti on During Problem Probl em Sol ving in the
Sol vi ng Thr ough Sci ences: Worked Exanpl es
Anal ogi cal Encodi ng
Davi d Jonassen, MJ Ed Psych
Carl os Wexl er, MJ Physics
Sanj ay Rebell o, KSU Physics
Gregory Triplett, MJ EE
Zdesl ev Hrepic, FHSU Physics

Research supported by 'L'ni\-:_:rqiu-nt"\l ‘ Columbig?
SRy DUE 0618450 R

_ Ef fects of Worked
Rati onal e for Wrked Exanpl es

ExarT‘pl es - Overgeneralization from single

Lear ni ng and probl em sol vi ng anal ogue .
facilitated by directing attention * No conceptual schema acquisition,
appropriately and reducing only process schenma

cognitive load (i.e., not require — Probl em sol ving | earned as a procedure
students to nentally integrate to be menorized, practiced, and

: : ; habi tuated that enphasi zes answer
mul ti pl e sources of information). SCiCn et meam"ﬁg e ORI

Wor ked exanpl es i nprove Fer nandez, & Hadaway, 2001).
performance on sinilar problens —tendency to generalize probl em sol utions
because of schema acquisition. based on surface level sinilarities
Later, transfer inproves because anmong probl ens
of rule automation. —Mniml transfer of problem solutions

based on single exanpl e (Loewenstein,
Thamenn R (Cant nar 1000)

A Sol ution: Anal ogi cal
Encodi ng

e and inability to answer conceptual

questions, such as... * Process of napping structural
properties between nultiple
anal ogues

st the motion of . B Instructional use of nultiple

i the lic at the instant e fid 5 i the vertical pase— anal ogi es (G ck & Hol yoak, 1983)

Conpr ehensi on, schena i nducti on,
and long termtransfer across
contexts greatly enhanced by
conpari ng two anal ogues for
structural alignment (Gentner et
al, 1997, 1999, 2003, 2005)

Cuestion 2




Theoretical Rationale
for Anal ogi cal

Encodi ng
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

But ...

* Research on anal ogi cal
encodi ng used relatively
si nmpl e, donai n-neutr al
contexts (Duncker’s radiation
probl em 1945).

Not attenpted with donmai n-
speci fic probl ens

Little research on quality of
schemas constructed

Duncker’ s Target Probl em

— Suppose you were a doctor faced with a
patient who has a malignant tunor in his
stomach. It is inpossible to operate on the
patient, but unless the tunor is renpved,
the patient will die. Akind of ray, at a
sufficiently high intensity, will destroy
the tunor. Unfortunately, at this
intensity, the healthy tissue that the ray
travels through on its way to the tunor
will also be destroyed. At |ower
intensities, the rays are harnless to
healthy tissue, but will not destroy the
tumor. How can the ray be used to destroy
the tumor wi thout harming healthy tissue?
Solution: Aimmultiple, lowintensity, rays
at the tunmor, fromvarious angles, so that
they all neet and conbine in intensity at
the tunor.

Structural Mapping

e anal ogues corrlggrgé:?osrst heir

relational (structural) simlarity -
rel ati onshi ps are mapped from source
to target

mat chi ng rel ati ons nust have
mat chi ng argunents and one-to-one
correspondence

Then. solve transfer nrohlem

Duncker’ s Base Probl em

A small country was controlled by a dictator. The
dictator ruled the country froma strong fortress.
The fortress was situated in the mddle of the
country, surrounded by farnms and village. Many roads
radi ated outward fromthe fortress |ike spokes on a
wheel . To celebrate the anniversary of his rise to
power, the dictator ordered his general to conduct a
full-scale mlitary parade. On the norning of the
anni versary, 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
nore inpressive than any previous parade. He wanted
his arny to be seen and heard at one tine in every
region of the country. Further, the dictator was
threatening that if the parade was not sufficiently
inpressive he was going to strip the general of his
medal s and reduce himto the rank of private. But it
seened i npossible to have a parade that could be
seen and heard in every part of the country

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.




Scaf f ol di ng Anal ogi cal
Encodi ng

» Because anal ogi cal encodi ng
is not an automatic process, -H ect rical Engineeri ng 3610, N=50,
we exani ned how to scaffold ﬁﬁr‘vg‘r’gff;t g;SMaZSOEf?" G2
the process through Experi ment 2
—Questions

— Physics 1210, N=207 at start),
—Structure Mapping Introductory Physics, University of
M ssouri

Experinent 3
— Physics 1510, Kansas State University

Research Venues

Experinent 1

Questi on Ireat nent

blem 5.43

GaAs, the doner impurity concentration
wvaries as N exp (-x/L) for 0=x<L, where
L=0.1 pm and Ng=5x10" cm™. Assume

expression for the electron diffusion current
density versus distance over the given range
of x. (b) Determume the induced electnic field
that generates a drift current that
compensates the diffusion current density.

Consider a GaAs sample at T=300K. A
Hall effect device has been fabricated
with the followmng geometry: d=0.01cm,
W=0,05cm, 0.5cm. The electrical
b 2 2V, and
x10™ tesla. The Hall voltage
Ve=-4.5mV. Find: (a) the conductiv
type, (b) the majority carmier
concenfration (c) mobility, and (d)

TN AP i5/8re best
effect dav

f “induced electric field that
generates a drift current that compensates e
diffnsion curent density

Results -

Assessnent s « Online practice

- Mapping
- Mapping
- Question
v - Question
800 cnw/V/s, what is the f - Question

t (48) = 3.12, p = .003

Mappin
« Transfer problemto solve o

Problem 1: Three volts i
ity is 10,00 s. (2) Find the

long s nducter bar. The
y. (b) if the electron m

e Posttest Exam

« Far Transfer (question on ‘ Hio :
f| nal exa”) Problem CQuestion

Question 323 (11.31) | 9.48 (1.04) | 83.51 (9. 930 (1.02)
Treatment
Structure TLA0(17.75) | 946 (1.33) | B7.50(13.20) | 9.08 (2.28)
Mapping
Treatment

e Tests




Di scussion - Exp 1

Students found the structure
mappi ng treatment easier than
questions that focused on
conceptual relations

No effect of treatnment on test
per f or mance.

Did not adequately assess
concept ual understandi ng

Extent of treatnent insufficient
to overcone established study

met hods or to focus students’
attention on structural nature of
probl em

Tr eat nent Exp 2

rRORLLIL
M bogethar alter mpact, The mass of beb
A viarting ot & hasght & reiaties b bk .
D CONceptual exercises on
WebCT
Dynamics, work-energy, linear
momentum, FiTidsT |
thermodynamics

Results - Exp 2 Resul ts

Model Sum MeanSq
Model SumSquares Mean5q. Squares

Exam 1 1589.47 ] 1589.47 ] Exam 1 Problem 1012.63 1012.63
Regression Solving - Regression

vi Vi = Exam 1 Conceptual - 7. ] 64.75
Exam 2 139.97 139.97 . .00z |. Regression

Regression _ Exam 2 Problem
Exam 3 1249.99 i 1249.99 | . Solving - Regression

Regression Exam 2 Conceptual -
Exam 4 1610.70 ] 1010.76 . NE Regression

Regression Exam 3 Problem
Exam 5 615.15 ] 615.15 E N Solving - Regression

Regression Exam 3 Conceptual -
Regression

Br oken down by question type

Pretest - Posttest-
For ce Concept
|nvent0|’y Lots of limitations

—No control group
— Heavy course requirenents
Std. Error — Predictable study scripts

3id. Deviation Mean : q q
e FCh - 3830 N — Student aversion to innovation, and

1 FCI2 4.841 291 ot her vagaries of classroom research)
Anal ogi cal encodi ng i nproved
probl em sol vi ng

conceptual ly oriented anal ysis of
probl ens better supported

tradi tional problem solving than
concept ual understandi ng (unlike
Hung & Jonassen, 2006)

Di scussion - Exp 2

Week 1 and Week




Experiment 3 - Treatment 1

Training Problem Pairs
(Problem #s are from Giancoli, 61" Ed.)

e TYPE 1 : Work — Energy Principle
— Problem # 6-19

— Problem # 6-23 (Change % change to actual number)

e 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

What Next? Future
St udi es

Conpare w th unscaf f ol ded
(control) anal ogi cal encoding

Ef fects of feedback on anal ogi cal
encodi ng

Ef fects of anal ogi cal encoding on
question generation and effects on
transfer

Assess schema qual ity using:

— Text editing

— Probl em cl assification

— Recal | problemdetails

_ Drnhlam cimlarityv
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Experiment 3 - Results

N Mean % SD

Set 1 - Mapping 30 54.80 25.29
Set 2 - Mapping 30 43.79 23.22
Set 3 - Mapping 28 54 .95 25.0

Set 1 - Question 28 55.82 7.33

Set 2 - Question 18 56.94 10.71
Set 3 - Question 18 55.75 16.76

Analogical Practice % Homework Problem Final Exam Question

Question Treatment 56.49 (11.310.021) 10.86 (1.51) 2.39 (1.72)
Structure Mapping Treatment 51.18 (22.59) 10.35 (2.25) 2.74 (1.65)

Questions, arguments

http://ww. coe. m ssouri . edu/ ~j onassen/




