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Abstract: This paper proposes a new approach using symbolic cognitive modeling. In

this approach, the model is not used to simulate human cognitive process, but it is used
to analyze psychological/behavioral data. This paper presents an application of analogical
reasoning model to leaning by examples in design education. The analogical reasoning
model was constructed to extract learners’ viewpoints on the example by computing two

similarities of the presented example with the work created by the learners. The case study
demonstrated advantages of this approach revealing differences of the viewpoints between

the participants.

1.0000

Jo000obooooooobooooobooon
goboboo0oboooboobooobooon
gobobooboooooobboooobooon
oo duooooo
goooboddddooooobododgooo
00000000000 00000OACT-R (Adaptive
Control of Thought-Rational; Anderson, 1993)1 O
goboboooboobooobbooobooon
oo oooooao
gooooooo
gooodbboobooobooobooooo
goboobooobboobobooobooon
000000000 0dDreyfus and Dreyfus (1986) O
gooooooooooooboobobbooooao
Jooooboboooooobooboooooon
oo oooooon
goooooobobboobodooooooooao
Jodoboooooboboooboooboooon
0oo0o0o0oobooooboooboooboooon
gooobooobooooobooooboobooo
gooooobobbooooooooooon
0o0ob0ooooooboooobobooboooon
gooboooboooobooboooboooon
goooobobobobboooooooobooooog
gooooooobobobbooooooooooao
goooboooooobooooboboooooo
gooboobooobbobbooobooooo
gooooooboooooboboboobuobon
ooooooooooooOo (moooo, 200500
gogbodbooobooboooboobooooao
O0000O0oooooooon (Anderson, 1993)
Joobo0ob0bo0obOoooboboooboooon
gobobooobobboobooobboooon
gooooooooooooooobobbobooaao
goooboboooobobooooboboooooo
goobooooboboobooobbooooo
gobobooobbuoooboboooobooon
gododdododooooooooooooao
gooogoooooooboboboboooogaao
Jooo0o0oobobooobooobboooooon

gbgboboooooboboooboboobobd
oboooooboooooboooo

2.0000

gbooooooboooboobobooboooooooo
gboooooooooooboooobooooooo
gboooooooboobooooboobboooooo
gooboooooboooboobooboobooooooooo
booooooooooooooboooooon
gboobOooboooboooboobooooooo
gboooooooo

210 00000000000000DO

goobooooooobobobboobooboobog
gboboooboboooobbooooooobooong
gboobboooboobbobooobooooobon
gogoboboobbbooboobboooooo
ggobooobbooobooobboobooo
gbodobooobobooooouoboouoboboooog
goobooobobobobooboboboboobog
0000o0ooooooooDoogg (Chi, Feltovich,
& Glaser, 198111
gogbobooooboooboobobooboo
ggobooobobobooobbooobooo
gobooooboboooooboboooobobooo
goobooooobooobobobobooboobog
0000000000000 00 (Gick & Holyoak,
1980, 1983y
gbboooboooobboobbooboa
goobobooobobbuooobobbuoooboo
Gentner (19830 00000000 O0OOOOOO
gooboooooobobobobobobonbog
gogoboboobbboobbobboooooo
gogboboooboooboobobooobooo
O (Falkenhainer, Forbus, & Gentner, 1989)
oboobobobobobooboobooboonbog
obooo0ooOOol10oooooooooooooo
goobooooobboboboboboboobog
ggboboooobooooboboobobao
ggoboboobboboobbooobboooboobo
oooboooobobboooobbuooobobooo



00ooooooooooooooooo (Spencer-
Smith & Goldstone, 1997)
gooboobboobbobooobboooo
goooooobobooobobbboooboooao
gobodoooobooooooooooon

220 00000000000DLO00O0DOO
ooo

goooboobobobboooobboooonob
O0000Oooooo(@o,19ep0o0ouod
000000000000 0000OUoooooo
000000000 ooO0ooooOoOooOooOoOn
gobobooobboobooboboobooon
gobbooobboooboboboobooon
gobbooobbooboobboobooon
0000oo0o0ooooooooo
0000o00O00oO0o0oOoU0oOoooooooo
O00000000o0oOoooooooooon
gobbooobooobbooobuoobbooon
dbobobobooboobobuobooboooboooboo
000000 (A picture is worth a thousand words)
O000000U00o0o0oOoooooooooon
O0oooooooo
gogbobooboooboobboooboooboo
gobobobbuooobboobboobooon
0000000000000oO0oU0oooooooo
00000000000 (O o0oO,2004p00
O000000oO0o0ooOoooooooooUooOoo
gobobooboooboobbooobbooon
gogoooboooo
ggboboobobooboboobooboon
O000000O00OU00O0OUOoUooUooUoo100
OO0 100000000000000OOOOOO
O000000O000oo0ooooooooon
gobbooobooobbooobbobbooon
gogbboobbooobboobboobobooon
00000000000oO0o0oooooooooo
O00oooO0o0oooooooo
0000o0o0O0oOo0oOoU0oOoOoooooOon
gobobobbuooobboobobobooobobon
gbodobooobbooobobooubbuooon
gogbboobgobboobboooboogn
00000000000000O0OO00ooooo
O000oo0O0oooOooooOooooooooo 2
O000000O00oO0o0ooOoooooOoooon
gobobooobbooboobbbooooon
gogbboobooobboobboobobooon
000000000o0o0oooooOoooooon
000000000 0oO0o0U0oOooooooood
O000o00o0oo0ooo0ooooooooon
gooobobobbooggo

30000

ocoo0ooOooOooOoooooDbD 100b000Oo
gbooooooboboooooobooooobooooobonbo
goboobooobooobooboooooboog
gobooobooooooobooobbooooooo
ooboooooboooobooobooobooooog
goboooboobOooooooooobooooon

0100000

0200000000

gbobooobooooboooboobobooooaoo
gooooooOooOoOo 2s000oooooooo
gboooooooooooobooboooooo
obooooboooboooooooboogoxooo
oo00ObOydoOooOOoOooOooooDooOoooogoos
gboooooboobooboboooboooooooo
gbooooobooooon
ooboboooboooooooobboooboooo
oooooboooooooooooboooboogoo
oboooboobobOooboobooobobobon
obboooboooboooooooobooooon
gboooboooobooooboooobooboo
OO0 200000000000000000DOO
gboboooboooooooooooboboooooo
oboboooboooobooooooboooboboooooo
oboooooooooobooobooooooon
gobobooooooboooooooooooooo

4.000

gbobooobooooboooooooobooooooaon
gboboooboooboooboobooboogao
gboobooooboooobobooboooboo
gboooooooooboobbooooobooooo
obooooooooboooobobooooobooooo
obooboooobooobooobooboooooon
gbooooooo

4100

gbbooobooobooooboboooooooooo
goobooboboooboboobobooood
goooooooboobooooD 2000000
ooo

1.0000:00000000D0O00DOODOOO

oooooooboobooooooboobooboooo
oboooooobooooooobooboooo
oobooobooooooooobooooboon
gobooooooobooboooooooo
oboooboboobooboooooo

2. 0000:0000000000000O0O0DOOO

oobooobooboooboboooboooboon



sEMEERELL-GE
;Shape1 DEMH

(2x Shape1)

(1y Shapet)

(4size Shape1)
(5darkness Shape1)
(rectangle Shape1)

Shapel
Shape2 [ []

Shapes |J

;Shape2D Bt

(1x Shape2)

(1y Shape2)

(1size Shape2)
(1darkness Shape?2)
(rectangle Shape?2)
;Shape3D Bt

(1x Shape3)

(2y Shape3)

(1size Shape3)
(5darkness Shape3)
(rectangle Shape3)

5 BfREREE LA
;Shape1&Shape2® %

horizontal Shape1 Shape2)
1distance Shape1 Shape2)
4dens_difference Shape1 Shape2)
3size_difference Shape1 Shape?2)
(same_shape Shape1 Shape2)

; Shape1&Shape3 M B &

(right_up Shape1 Shape3)
(1distance Shape3 Shape1)
(0dens_difference Shape3 Shape1)
(3size_difference Shape1 Shape3)
(same_shape Shape3 Shape1)

; Shape2&Shape3 M B %

(vertical Shape2 Shape3)
(1distance Shape3 Shape2)
(4dens_difference Shape3 Shape2)
(Osize_difference Shape3 Shape2)
(same_shape Shape3 Shape?2)

(
(
(
(

030000000000 00

goboooooooooboboooboooobon
gboooobooboooooooboooon
0000000 1000000o0ooo0boo
oooooooooz2000000000 xOo0
yOooooooooooooooobooboo
gbooboooooboooooooboobobooon
oboooooobooooobooooooobooon
ooo

dooooo0oo 30b0ooooooooon
000000030 000000040 (Shapel, Shape2,
Shapedl 00D OO0OOO0OO0OOOOOOOOOO
goboboboooboobobooobooobooo
00000 (2x Shapel) O Shapell xO 2000
goooooooboboobooooobobooooo
0oo0o0ooboobooooooooooooon
000000000000 00d (horizontal Shapel
Shape2)1 0 “Shapell “Shape2i 0000000
goooood

4200000

O00000000O000o0oU0ooooooood
Oo00o000OO00oo0Oooo0oOooOooooO
0000000000000 0OdForbus, Gentner,
and Law (19951 000000 OO Content Vector
MatchOOOOOOOOOOOOOOOOOOOO
00000000U00O000o0oUoOoUooooOn
O0000000o0O0o0oo300ooOooood
O00oooo0ooooooooooo

gbobooobooooboooboobobooooao
gboboobooboooboboooooboobooo
gboooooooooooobooooboooooo
gbooooooobooooobooon

4300000

oboooooooobobooboooobobooooon
gboooooooobooboboooooooooo
gboboooboooobobbooobooboboooooo
ooooooboooboooobooooboooooooo
gbooooooooobooobboobooooooo
ooooooooooooobliolooooooo
goooooboooboOoobD 101000000
O00O000O00O00O0O0O0O0OO (Gentner, 1983)
o400000000000DO0O00O0ODOOO
oboooboooboobooooboooboobooo
oboooooooooooooooooobooaon
gbooobooooboooboobooooooooo
gbooooboooooobooobooobooo
o000 1000000oooOoOo0O 2000000
oboboooboobooooobooooboooooooo
ooooog
oboooboooooboooboooobooaoo
ooooooooobbooboboooooooooo
goboooooooboooooboooooobboooobo
oboooooooobooooooooooooon
gboboooobooobooooboooboooooon
000 40000000000D000O0
ooboooboooooooobooboobooo
ooooboboooooobooooooooooooo
0400000000 130000000%ize"dO
gbobooboooobooooobooooboo
gobooooooboooboobooooooo
oooooooooooobo
oboboooooboooooboobooooboooo

0O O SME (Structure-Mapping Engine; Falkenhiner, et

al.,1989) 0gopooooooosMEOOOOO
gobooooooboooooooobooooooooo
ooooooboooooooboobboooooo
gooooopooooooopooooDbooo sME
oboooooooobooooboobooboooobon
gbbooobooobooboooobooboogooo
gboobooboobboooboobooooooo
oooooobooooobon

gooobooo ooboobuoooboooao
goooobobooooobooobooobonn
00o00o0DO00oooooDoOoogn P-match
(Propositional-matchld O O O P-matchD OO O O O
Falkenhaineretal. (198Q)0 0000000 200
0doododo0o 1002000000000 04d
doodooooooOoboDooooo 2000000
dooooooooooooobooobooooo
gooooooo

Oo0o0o0ooooooooo P-matcho0o0O0Q
OO00Pre-matcid 00 OO0 00O OO O-match

((2x2) (1x2) (1y 2) (2y 1) (4size 1) (1size 2) (bdarkness 1 O 0 0 0000000000 OOOOOOOO

2) (1darkness 1) (rectangle 3))

000000 d (vertical Shapel ShapeB) (vertical



<ddense_differece >
Osize_difference

R—Z
ce

HEHE
O

Shapet (target)

Shapet (base)

o Shape3(target) |~

Shape2(target)

Shape3 (base) Shape2 (base)

Osize_difference’

same_shape

Size=13 (0.72)

04000000000000DO

Shape2 ShapeB) 00 00000000 ODOOOO
gbooaod

FAEH HEREA  BEREB  HEREC
[ N [ o0
) 1N [ oA | @@ ®
3 EEA EEN oo\ | ©
A [N | ® [OXE)
1N N [ 16) o
SN ] ¢ ¢ (]
[e]e)] @) om 2 O
sBEED e o oo ® 0O a0
e o @ oOe =] © @] ]
[} @ [ ] @ * @ @

Os5000000000000D0D000

godoobooouoooobouoobooon
oo00oOoooo PmatckOOO0O0O0O0O0OOOO
00000 O Spencer-Smith and Goldstone (1997)
ogooooboooooooboboooooooooo
ogdoooooobooooooobooooooooo
gddoboooooooouoobooooooon
gddooooboooouoobooooooo
goooooooooooooobobooooooo
gooooooooboooooo

O0O00ooogoood P-matchd P-matchd
00000000o0o0o0on0 P-matchio00Q0O0O
0O0O0000dP-matchO P-matchD[lDDl]D
O00P-matchD 000 O-matchd O O 0O O P-match
0000 O-matchd DO DODOO0OOO0OODOODOOO
goobobobddddododoooooooooo
0000o0ooooooog PmatchDOOO0OQnQ
ooodoooooo P-matcid0O00CO0O0OO0OO
0o000oo0oDOoonooooo P-matclid 000000
goooooooooobooboooooooooon
gb00oooooboooooooobooo

((vertical vertical) (Shapel Shape?2) (Shape3 Shape3))

oo0o00 Pmatchkd DOO0OOOOOOCOOO
oobooboooboooboooooboooooog
000 P-matchD 100000000000

0000000 O00P-matchDOOOOOOO
godoooooooooboobouooooooao
oooooo0oo P-matchOOOOOOOOOQ P-
matchO OO O0OO0OO000000O0D0O00O0O00
0000 (Forbus & Oblinger, 1990)

000oo00oog PmatchDOOOO0OO0OO0OO
OP-matchDOOOO0OO0OO0O0O P-matchd 0000
00o00ooo0o0bOO0ooDooooono 30000
gooooo

e O-matchUO0O0O0O: 0 P-matchDO OO0 20
OO-matchOCOOO0ODODODOOODDODOOOOO
Ooo0ogd

e O-matchOOUOUOO: 00 P-matchOOO OO 2
OO0 O-matchO OO0 O0O0O0O0O0OO0OOOOOOOO

e Pre-matcid 0 0O : O P-matchd O O Pre-match
o00d0ogooooooooooooooooo
O Pre-matci] D0 00000000 O0O0OCODO
gooooooooooooooooooooo
dd0ooo0oooooonoo P-matchd OO0
00o00o0ooOooog P-matchd 000000

5.0000

oboooooooboooboboooobooobooon
gbocooOooboboboobooobooobooboooboo
gboobooobobooboooboboooboobooboo
oboooooboooooooboobboooooo
gbboooobooobobooobooboboooooo
ooooboooOooooboooOoooooooson
booooboooboooobooboooobooo
gboooobooooon

5100000

gboboobooobooooooobooobooooaoo
ggoobobooooooooooobooooooo
50000002000000000000000Q0OO
obboooboooooobooooboooobooon
0100000000000 000000000o
gboboobooboooboobooooooo
obooooooooooooooooooooo
gbooooooooooooooooobooooo
ooobD10000000O0o0O0O0oooOooono
ooooooooooo3ooooo12zoooo0O
ooooolooooooooooooooobooon
O000o0oooooooooooo 2000000
0l1gooooooo
Oo0z20000000000000000DO
oO0oooDOooOo 300000 ADODDO BOO



OHEREA
BEREB
O#EREC

HEREY SRR

REHEM
ESA

REHEY
a2

Oe0d00D0O0O0OO0O0ODOOOODO

oo chboooooooooooooooboogo
ooooooooobooooooboooooobon
goboobogoboboooloooobooooooo
ocoooDbOO30ooooooooboobboooo
oboboooooooooboobOobooooooooog
gboobooobooboooboobboobooog
oooooooooboooobobooil1ooooooo
Oo0oooooooooooooooopuuoon
oooooooooDooooosooooogoad
300o0o00o0ooooooooooooboogo
Oooooooobos000b0000ooDoobo0ogo
ooD0oooDOo0o0ooooDOosoooooooo
O loobooboobooooooooooooog
000000000000 0OO0

5200000

uboobooooboobooooooboooog
gboooobobooooobooooboobooon
oobooobooooboooooooooobooo
goboobooooooooobobooooDoog
oobobOoobooobooooobooobooooog
oooooooooo0oooOoo 20000000
goooooboooooao

goooopoOooooooDoDDD: 200000
oOo0oOo0o0ooO0o0oDooooooobooOoooogo?
gbogbuoboooobodgbogboobooooan
oob0oobooooboobooobobooooog
bobooboobooobooboboooooog
boobooooboobooobboobooog
gboooboobooboboooboooobobono
gbogbooboboobobobooobooo
obooobooooobooboooooboooon.

ooboboooooooooood: oooooo
uobooboooooobooboooobooog
ooboooooooooobooooobooooog
gobooobooobooooooooobooooog
oooboooooooboooboooboooooboog
oobooboooobOooboooboooboong
x,y)0 200000000 OOOOOOOOOO
uobooooooooooooooooboog
gobooobobooobooboooobooooDooog
ooboooboooboooboooooobooooboog
gbooooOobooooboobooooooboo

HWEREA

RE1

RrE2

= P PP

&
&
D
Ry

O70000000000002000000000
oboooooboooobooboooobobooo

5300000

53100000000000000 DedOOO
gboooooooboooooboooobono
oooooooOooooobboooooboboo2000
goooooOoooooobooooooo20000
gbooooboooooooooooboboooooo
obooooobooobooooooobobooooon
goooOoooooooooooooooooooo
OO0oooooboooooeboOoOono20000O
oooooospoooboooooooooono 1o
oo0o0O0000ooO00 200000000000
goooooboboiliooboboobooobooo
ooooooooooooBOOOOOODODOO
oo coooooooooooooooboboo
02000000 ACOODBOOOODOOO
oooOOopoOooocoooooooooooooo
opoooooog
oooooooloboooooooooooo
oboboooboooboooobooobooboooooo
gooooooooooooo3ooooogooo
gboboooooooboooobooooboo
oooOoOoOoooooOo0OO0Oo 200000000
ooboooobooooooooboboo Aoooo B
goooooogooooooooo coooooo
oboooooooooon

52200000000 D70DO0Oe6e000ODO 2
obooooobooooooosbobooboooooo
gboooooooooobooobooooooo
ooooooooobooo
oobooobooooooboboooboooboon
ooooooooooboobooOoboednOoOOO
o20000000 cCcooooooooooooo
gobooooooooboooboboobobboooooo
gooooooOooooooooobooo20000
obooooooboooobobooobooobooon
ubobooobooobooooobooobobooooon
gbooooobooboobobooboobooooooo
gboboobooobooooobooboboooooo
oooooooogo 20000000 cooooo
gbooooboooooobooogooon
OoooooOoOosboo0oooooooDoooo
ooooooooooooooobooogooog 2o



ooboobooooboooboobooooog
Ooooooooobooooooocoooooo
goobooooooboboooboobobooooog
O chodoooooooooooopoooogad
oooooooooooo cooooogooooo
oooboooooooooooboooooooog
ubobooooboobooboobooooobooog
oooobooooo

6.0000

0000000000000 00O00oO0ooooOn
000000000000 ooOO0ooOooooon
O0oU0o0oO0ooU0oO0oOooOoooooooon
00053.100000000002000000000
001000000000 20000000000
0000000532000 0000 2000000
OcCcOU0O0OO0OU0OO0oOOoUoOoOoooooon
Oo0o00ooOooooOOOoOoOoOoOoOoOoOoOoOon
goboobboobobuooobooobooon
gogoobobboooobbobboooooooonon
00000000000 000U0oO0oooooo
0000000000000 0oo0oooOoooon
O00ooo0o0oooooooo
goobobobooobobooboboboooobo
gogbbooobooobbooobbuoobooon
000000000000 0000o0oUoooon
0000000000O0000oOoooooooo
O0000000oO0o0oooO0ooOooooooOon
O00000o000O0o0oOooooOoooooon
gobboooboboobboobboobbooon
goboboobbooobobuooobbuooon
0000O000000O000oO0oOooOoooooo
0000000 100000200000000
O000o0o0o0oooo0ooooooooon
gooooobbbbbbboobbooooogoooo
goooooo2000000000000000
OO000O0O0O0O0oo0g (Forbusetal., 199%5) 0 0O
0000000000000 0oo0oooOoooon
O00000000O0o0o0o0ooooooooon
goobooo* ooobobooroubbooon
gogooooo
gooodogobooooooooogbooo 20
000 20000000000000000000
O000000000o0oOo0oooOooooooo
O0o00o0ooooOoooooooooooooo?2
goboboobooobboobboobobooon
00000DO0oO00ooooono 20000000
0000000000 oo0o0ooooooooOon
00000000000 000oU0OoO0ooooon
O000o0D0o0o0oOo0o0o0oooOoooooon
gooobobobooobobooboobobooo
ggooobboobooobuoooboooobo
0000000000o00oOoUooooooood
O0oU0U00oOoooooUoUoooooooood
O0000000O0o0o0o0oO0oOooooooood
OO0o0oo00oO0oooooU0ooooooooon
goobbooobbuoooobooobbooo
gobbogobooobbuoobooobooon
O0oooooooo

ooboooooobooboooboooboaoo
gbobooooboooboooboobobooooaoo
gbobooboooboobooobooboboooooo
goooooboobobooobobooooboon
goooooooooooooobooooooa2o
oboooooboboooobobooooobon
goboboooooooobooooobooooooo
gbobobooboooooboooboobobooooaoo
obooooboooboooobboobobooooooo
obooobooobooboboboobobooboon
obooooboooobobooooon

oo

gbbooooboobooobooobooooaoo
gboooboobooogoo

HEN

Anderson, J. R. (1993)Rules of the mindHillsdale,
NJ: Erlbaum.

Chi, M. T. H., Feltovich, P. J., & Glaser, R. (1981).
Categorization and representation of physics prob-
lems by experts and novice€ognitive Sciengeb,
121-152.

Dreyfus, H. L., & Dreyfus, S. E. (1986)Mind Over
Machine: The Power of Human Intuition and Exper-
tise in the Era of the Computedohn Brockman.

Falkenhainer, B., Forbus, K., & Gentner, D. (1989).
The structure-mapping engine: Algorithm and ex-
ample.Artificial Intelligence 41, 1-63.

Forbus, K., Gentner, D., & Law, K. (1995). MAC/FAC:
A model of similarity-based retrievaCognitive Sci-
ence 19, 141-205.

Forbus, K., & Oblinger, D. (1990). Making sme greedy
and pragmatic. IrProceedings of the 12th annual
conference of the cognitive science socigty. 61—
68). Lawrence Erlbaum.

Gentner, D. (1983). A theoretical framework for anal-
ogy. Cognitive Science’, 155-170.

Gick, M. L., & Holyoak, K. J. (1980). Analogical
problem solving. Cognitive Psychologyl2, 306—
355.

Gick, M. L., & Holyoak, K. J. (1983). Schema induc-
tion and analogical transfelCognitive Psychology
15, 1-38.

00 0ooooo o (2004).0000000000
oo oo.oooo,
11, 51-59.

00 00 (1996).0000000oooooooo
gooobo.oooooo.

000000000 (2005).000000000
open-end OO O O0OOOOCO.000O0O00OO
00,20, 306-317.

Spencer-Smith, J., & Goldstone, R. L. (1997). The dy-
namics of similarity. Bulletin of the Japanese Cog-
nitive Science Society, 38-56.



