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A study on understanding geometric problems at lower secondary schools level(2)

a student model based an repair theory

Takahisa FURUTA Toshiki MATSUDA Takashi SAKAMOTO
Tokyo Institute of Technology

Abstract Intelligent Tutoring Systems have been studied for 20 years. Student model is one of
important component of ITS. We think it is necessary for a student model being psychologically
appropriate. The purpose of this study is to develop a system which has a psychologically
appropriate student model. We conducted psychological experiments and found that students
realize they might be using an incorrect procedure while they attempt to repair impasses
occured in problem solving activities. This has not been cnsidered by existing ITSs. We
followed repair theory to develop a student model which can simulate impasses, an inevitability

in human problem solving activity.
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rule(  [sikaku(P 1,P2,P3,P4),

hen(P1,P2), hen(P2,P3), hen(P3,P4), hen(P4,P1)
parallel(hen(P1,P2),hen(P3,P4)),
parallel(hen(P1,P4),hen(P2,P3))],

heikousihenkei(P1,P2,P3,P4))

Kl 6: v—iLf]

4.1 A4 v T— VIRRK

A4y I LRRBIE, TMS2) 28F L=
§7vay AT LATHEIN TS, / — FiX,
LR Y X7 A BB SHH L AABREHRE
Ay RFhAOERBRFERICZEMH L 2 P-node(problem
node) & . P-node # 5 i ## & 1z D-node(derived
node) ® 20 b D, £y EDHAT, FE
4 impasse iIclfs 2 REIZ . T OEFHOHGHICK
EWRHB-OTH3LVIHREBS LT S,

EDN—NEFHLTE, — FBEALBLE -T2
REEE, A4 v T —VRRFO—FELEHEET 2,
ZDEE, new Td B P-node BEFEET NI, BEX
HOEHREFE WY - TRV EBERESNLEZOT,
impasse fRIRE & FEE T %o new Td % P-node #3572
FhiE, A4y T VIRREETLELLD LT 5,

impasse DfEHR D 72 1o, P-node 2 WEhicd 5 &
ENb B, WMHhlcans s/~ FRETHE. 2D
- R oEBENIRTO/ — VEIEDIcE L
BLTRB LBV, COEHB 2 — FEOKGFEREE
KESOWAREEER LT WD, A4 rT—0
RIS TMS #BH LD TH %,

411 /—F
J—Ricld, 0/ - FEBEREBLTRAE SR
for &5 AR T BN (new / notnew) EfHIIL 7o

TRE 20MEE ., HHRNHERE> Y X7 4K
fl 7B 72 FITH Cd B, initial nodes 3. ¥ 2 7 4
wB i stz Pnode ©H 5. Cholc, YRAF A
D F o %A 513 % @B 4 % . main-goal-solving node
. HHOBERTH %, new TdH % P-node 875
Fo% | impasse IS FICKRT T %0
WEHMBEFLB VY X F AP 2ETH
TR L e 2/ — F1 &5 5 13 EETHARE
ABCD 2R 2 L 2L TWBEMN, / —F2H»
SANEb ATV WY, impasse I278 %, TN
2R L 72 B EBR B M - 7o impasse M X4 5,
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yes
| ?- solveMain.

initial nodes.

node(1, heikousihenkei(a, b, ¢, d), zentei, in, new).
node(2, hen(a, ¢), zentei, in, new).

node (3, hen(b, d), zentei, in, new).

node (4, prop(hen(a, c), hen(b, d), 1), zentei, in, new).

start applying rules....

main-goal-solving nodes.

node (1, heikousihenkei(a, b, c, d), zentei, in, notnew).

node(2, hen(a, ¢), zentei, in, new).

node (3, hen (b, d), zentei, in, new).

node (4, prop(hen(a, ¢), hen(b, d), 1), zentei, in, notnew).

node (5, sikaku(a, b, ¢, d), [konkyo, [11], in, notnew).

node (6, hen(a, b), [konkyo, [5]], in, notnew).

node(7, hen(b, ¢), [konkyo, [511, in, notnew).

node (8, hen(c, d), [konkyo, [511, in, notnew).

node (9, hen(d, a), [konkyo, [51]1, in, notnew).

node (10, prop(hen(a, b), hen(c, d), 1), [konkyo, [6, 8, 1011, in, notnew).
node (11, prop(hen(b, ¢), hen(d, a), 1), [konkyo, [7, 9, 1111, in, notnew).
node(12, parallel (hen(a, b), hen(c, d)), [konkyo, [1, 6, 8]], in, notnew).
node(13, parallel (hen(b, ¢), hen(d, a)), [konkyo, {1, 9, 711, in, notnew).

yes
| -
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impasse BEIRER ik . # 4 ¥ o — MR ERER D HE A A
AN E L. NS s LT repair heuristics % i 11}
L. —#®Pnode tZEEZMA . A4 ¥ T — VAR
WIC AR . o ¥ D, impasse ff iR D 72 8 1 [l
O—WELEET S ORHM, O repair heuristics
DEAHIAREL TV B, § ~T O repair heuristics
AEALTORABEESABORTESL LD
V] RETHY, EAESEKS LT 0,

AT Tk, impasse RIMIc T E TATARED
PR THV STV 3 abstraction[d] %M L
= o abstraction ic > W THEIBICHIAT 20 AL,
HLVHEE P AT AFH AR b > TOX
WHEDTH Do DL HRBE. AHR. BEP O
LW it o s 2 BEORBEREL., T
HEshEHEsZEc LT, FLORRTA L
LTWAERERS C&EETEIe SOk DRI
RRG EE AR SN D, R LR
AR, BEORBREUBEFAT 2L M
EORBAMBALLAEEAERALE D I LT, UH
wRERM IR 2 1), Co k) BRIl s
F-iB % o F B % abstraction & 5,
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TERALEBHIXKOLIBSDTH B, 9. A
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abs(  Draw(X,Y,Z,W),Fig(A,B,C,D),
hen(X,Y),hen(Y,Z),hen(Z,W),hen(W,X)):-
Draw=Fig,permutation([X,Y,Z,W],[A,B,C,D]),

cancel(Fig(A,B,C,D)).
8: repair heuristics (D abstraction

FTHBD. CORTHRMUESFVEEL SN S,
& 54z, repair heuristics i3 impasse iR @ 7z ¥ D fi]
KabEABREBVWA, HMEZHRT 22DD60
BT, TOWREFEOMBHEE W+ 2EBICKT
ZILERTERVWEEZELLOND, WREW KT 3
HE L3, NREEEIR T 2 BT 28D
HREL WS LW TEBLN, TDLH BHFRIME
HiReDTH2, COHRTE, V—AEPERNICE
WLEA>EWIT RS T v vy X7 ARDERF &
8 LT abstraction o3l § #: 28 repair heuristics
ODEHRICBVWTWEEEZL SN S,

4.2.1 abstraction

B 2R L da B 2 A0 % heuristics 2 28 T
FEE (ZAEPEBVC, BEXCHRS DR,
HicobMmanz X HfERT 2] THEH, Iz
abstraction ©EE g, FlAEMEAER I >\WTiR
8Dk 3L Do

abstraction (% prolog O HiFER TH X %, head
B R s h B E M EZE L. body & prolog
DBFEIC L - TEBBIcHNEHEZEZE LTV S,
Fig,Draw 3EZKTH 0, FITHAE. BEAEE
Wo e MEEOBENLBERHIE =y F9 5. £,
ABCDXYZWHE7raZHchn, #NFNEH
HEG1DET o FF b, IO abstraction i3> ¥ &
DICHEIRT B,

Draw(X,Y,Z,W) [B RN N U << I A+ ¢
hen(X,Y),hen(Y,Z), hen(Z,W)hen(W X)
EnHdo0Aic k- THR &N B, Draw
CFigMARoEEE L TlrELbDT
B, i, AT XYZW & ABCD
DEAZE., CO2-50MARIEBVWTH
BMLTHEALTCORIE & O, AR ABCD
OB Eicd b,

abstraction 3, RO X > fibh s, RGN
AC=BD 7% 2 1798 ABCDJ o iRz ER L 2
L4 B, COMMBMIZ. ROLHICKRREEACT, DS
12/~ d abstraction it 52 5411 %,

e heikousihenkei(a,b,c,d)

e heu(a,c)
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o hen(b,d)

heikousihenkei & arity(5lE( @) »5 4 Lo T,
Draw(X,Y,Z,W) & ¢ Fig(A,B,CD) Lt~ +
L530#HM, BT, Fig(AB,CD)icv v # L7l
& THHEEL I 5, Fig=heikousihenkei, A=a, B=b,
C=c, D=d it B{k{ta 11 3 &, hen(a,c) X MREE & hsik
¥ - TH D arity 452 720 T, abstraction ® hen(X,Y)
=7 LT X=3Y=c &3, 23T, hen(bd)
724, hen/2 T arity Mbd v FL B0,
hen(Z,W) & %, I, Z=b,W=d &b [EH
EPEE e Rit, T abstraction % prolog @
Ta s aELTEITL, GIEELZH T
Wiy 2, bLGhshBRFLE. Nv o +35 v 7
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| ?- solveMain.

initial nodes.

node (1, heikousihenkei(a, b, ¢, d), zentei, in, new).
node(2, hen(b, a), zentei, in, new).

node(3, hen(a, ¢}, zentei, in, new).

node(4, angle(hen(b, a), hen(a, ¢), 90), zentei, in, new).

main-goal-solving nodes.

node(1, heikousihenkei (a, b, c, d), zentei, in, notnew).
node(2, hen(b, ), zentei, in, new).

node(8, hen(a, ¢, zentei, in, new),

node(4, angle(hen(b, a), hen(a, ¢, 90), zentei, in, new).
node (5, sikaku(a, b, ¢, d), [konkyo, [13], in, notnew).
node (6, hen(a, b), [konkyo, [511, in, notnew).

node(7, hen(b, c), [konkyo, [511, in, notnew).

node(8, hen{c, d), [konkyo, [511, in, notnew).

node(9, hen(d, a), [konkyo, {511, in, notnew).

node(10, proportion (hen(a. b), hen{c, ), 1), [konkyo, [1, 6, 811, in, notnew).
node(L1, proportion(hen(b, c), hen(d, a), 1), [konkyo, (1, 9, 711, in, notnew).

node(12, parallel (hen(a, b), hen(c, d)), [konkyo, [1, 6, 817, in, notnew).
node (13, parallel (hen(b, ¢), hen(d, a)), [konkyo, [1, 9, 711, in, notnew).

display unused nodes....

node(2, hen(b, a), zentei, in, new).

node(8, hen(a, c), zentei, in, new).

node(4, angle(hen(b, a), hen(a, ¢), 90), zentei, in, new).
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| ?- solvelmpasse(Alternative).

t?] J. Doyle: ”A truth maintenance system™. Arti-
ficial Intelligence, 12, 3, p.231-272(1979)

[3] J. G. Greeno: "A study of problem solving™.
In R. Glaser (Ed).
Advances in Instructional Psychology vol.1.
Lawrence Erlbaum Associates(1978) [1LiF1 521+
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[4] R. Greiner : ”Abstraction-based analogical in-
ference”, In D. I
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Alternative = heikousihenkei(b, a, ¢, d), heikousihenkei (a, b, ¢, d), hen(b, a), ¥ [6] MuEd 7%, &1 MR, AT N TFEEEF L

hen(a, ¢), hen{c, d), hen(d, b) ?

yes
| 7~ solveMain.

initial nodes.

node(1, heikousihenkei(a, b, ¢, d), zentei, out, notney).
node(2, hen(b, a), zentei, in, new).

node(8, hen(a, c), zentei, in, new).

node(4, angle(hen(b, a), hen(a, c), 90), zentei, in, new).
node(5, sikaku(a, b, ¢, d), [konkyo, [11], out, notnew).
node (6, hen(a, b), [konkyo, [5]], out, notnew).

node(7, hen(b, c), [konkyo, [51], out, notnew).

node (8, hen(c, d), [konkyo, [5]], out, notnew).

node (9, hen(d. a), [konkyo, [5]], out, notnew).

node (10, proportion(hen(a, b), hen(c, d), 1), [konkyo, [1, 6. 811, out, notnew).
node (11, proportion(hen(b, ¢), hen(d, a), 1), [konkyo, [1, 9, 711, out, notnew).

node(12, parallel (hen(a, b), hen(c, d)), [konkyo, [1, 6, 813, out, notnew).
node(13, parallel (hen(b, ¢}, hen(d, a)), [konkyo, [1, 9. 711, out, notnew).
node(14, heikousihenkei (b, a, ¢, d), zentei, in, notnew).

main-goal-solving nodes.

node(l, heikousihenkei (a, b, ¢, d), zentei, out, notnew).
node (2, hen(b, a), zentei, in, notnew).

node(3, hen(a, ¢), zentei, in, notnew).

node(4, angle(hen(b, a), hen(a, c), 90), zentei, in, notnew).
node (8, sikaku(a, b, ¢, d), [konkyo, [11], out, notnew).
node(6, hen(a, b), [konkyo, [5]], out, notnew).

node (7, hen(b, ¢), [konkyo, [51], out. notnew).

node (8, hen{c, d), [onkyo, [15]], in, notnew).

node (9, hen(d, a), [konkyo, {511, out, notnew).

node(10. proportion(hen(a, b), hen(c, d), 1), [konkyo, [1, 6,811, out, notnew).
node(11, proportion(hen (b, ¢), hen(d. a), 1), [konkyo, (1, 9, 711, out, notnew).

node(12, parallel (hen(a, b), hen(c, d)), [konkyo, [1, 6. 811, out, notnew).
node(13, parallel (hen(b, ), hen(d, a)). [konkyo, [1, 9, 711, out, notnew).
node (14, heikousihenkei (b, a, ¢, d), zentei, in, notnew).

node (15, sikaku(b, a, ¢, d), [konkyo, [14]], in, notnew).

node(16, hen(d, b), [konkyo, [15]], in, notnew).

node(17, proportion(hen{b, a), hen{c, d), 1), [konkyo, [14, 2, 8], in, notnew).
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node (18, proportion(hen(a, ), hen(d, b}, 1), [konkyo, [14, 16, 311, in. notnew). p.8-14(1985)

node (19, parallel (hen(b, a), hen{c, d)), [konkyo, [14, 2, 811, in, notnew).
node(20, parallel (hen(a, ¢), hen(d, b)), [konkyo, [14, 16, 3]], in, notnew).
node(21, chouhoukei (b, a, ¢, d), [konkyo, [14, 2, 3, 41], in, notnew).
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