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Student Modelling for Procedural Problem Solving
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This study is intended to investigate the role of a student model for Intelligent Tutoring
Systems (ITSs) and develop an effective student model in the domain of procediral problem
solving. In this domain, students have to learn the concepts of which the domain consists, as

Abstract well as the procedural operations to solve given problems. We have developed a student model
diagnosing system which deals with this problem. The system requires three types of domain
knowledge; the basic operators (BO) which solve the given problem by exhaustive search, the
macro operators (MO) which can solve the given problem more effectively, and the search
control knowledge which can explain why a particular macro operator is useful in a specific
situation. The knowledge of MO is used to infer students’ understandings for procedural
knowledge, while the knowledge of BO should be used to infer students’ understandings for
conceptual knowledge. A

%3 key words Intelligent Tutoring System, Student Modelling, Explanation-Based Specialization,

Machine Learning
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Primitive Rules

IF state Macro Rules
THEN operation IF state

IF state THEN operation

THEN operation
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BELSEINS, ) .

kAL, RELBBEELLDOFRE (oper-
ator) TH 5. K4OWEHIE, EHODOLRHEL,
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Prefer Op1
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A State before applying Operator

Applied Operator

A State after applying Operator
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Ax+B=Cx+D — Ax-Cx=D-B
Ar+B=Cx+D - Ax=Cx+D-B

Ax+B=Cx+D — Ax-Cx+B=D

Bold: Macro Rule, \

t: Primitive Rule
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diff_1

Op1

If diff_1is equal to diff 2
Then Op2 is failed.

B6  EoicEko dHREREO KK

Y AT LT, BRI TBENLTRELT,
A ¥ —=< (Proof Schema) &IN5 Mik% BT 5.
EHA ¥ —<id, MEFHICE&bET, BERSE LD
BERAIERDEWIERERET S, K7 ICHAE
RO BY) % RS % ERRFIH MM (op-succeeds) DEEH
A¥x—<ERT.

& BEEEE, ROWATH 5. ps( ID, TC, Body
). TIT, TCIXEEMESEEL, BodyliBEESY
HWHLEEE200HBERLTVS, YAF AL, K
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child-node-after_applying op(
ChildNode, ChildIng, Node, Ing, Op ) I, /—F
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Node; Problem [op]

n3; equation(e([m(1,x)1,[2,11),A) [op4]
n2; equation(e([m(1,x)],[31),4) [op7]
nl; equation(e([m(1,x)],[3]),3) [finish]

IO, J—F 02 IKBWT, ROEFREEm D
FENTW5D (FEMIZEN).

op_succeeds (N, equation(e([m(1,D)], [B]),C),op7)
L

match_preconds([realp(B)]),

known (N, [B=C]),

solves(equation(e([m(1,D)], [B]),C),op7)
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ZORWCYAFLITRIZ, /—F n3 BT 23R
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35, 054 12/ ~F n3 ORIWERATIUE, XD &
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WEH R RS,

op_succeeds(n3,equation(e([m(1,x)],[2,1]),4),
op4)
L
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n3,equation(e([m(1,x)1,[2,11),4),0p4)
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op_succeeds(n3,equation(e([m(1,x)1,[2,1]),4),
op4)
L
applicable(n3,equation(e([m(1,x)],[2,1]),4),
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op_succeeds (n2,equation(e([m(1,D)], [B]),C),
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child(n2,equation(e([m(1,D)]1, [B]),C),
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op4)
1
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% An operator (Op) succeeds if it directly solves the inquiry (Ing).

ps( os01,
op_succeeds( Node, Ing, Op ),
£

applicable( Node, Ing, Op ),
solves( Ing, Op )
n.

% An operator succeeds if it succeeds after precursor operator is applied.

ps( os04,
op_succeeds( Node, Ing, Op ),
[

applicable( Node, Ing, Op ),

op_succeeds( ChildNode, ChildIng, NextOp ),
child_node_after_applying_op( ChildNode, ChildIng, Node, Ing, Op )

n.
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W12, applicable B & U n2 28T % op.succeeds
PREATLHILICL D, ROGEEMBMEBHIEEEINL,

SEHH A F —< 0]

MEBOEEE PR, VAT A, MERGE
BIBWCHERSRAT Y 357 14 7HAORFH 5 HY)
BesuBAFRERLZTRIER LRV, FOLHICL
TEEEINA~ 7 oA EHEFICHE LB, &4
RTEWEINTVEFREVEERROIOOFEE

op_succeeds(N,equation(e([m(1,x)],[2,11),4) ’°P4)’E?’)V%W?X?Af)§$}i§ﬁ2@‘%. < » THAIOE BB &

L
known(N, [ partially_calculable(C,E,F,G),
calculate(E, [H]),
substitute(C,H,I,F,G)
1,
match_preconds([realp(J)]),
known(NC, [J=D]),
solves(equation(e([m(1,B)],[J]),D),op7),
child(NC,equation(e([m(1,B)],[J]),D),
N,equation(e([m(1,B)],C),D),
op4)

(

6 HbHHHIC

CCTRELLFETIE, YVAFADHDLOMER
ROBEETE L CERMNENR L ST, 70, B
ENTEREIEMEE, VA7 LB S OMEBERICHE
WHETH L., FD720, AEICE > TROTERRM
BAEEENTVEEZEILNS.

AR CTRELILBELZFETZEFNVBW O AT A
MAANDLZ LIZE D, HBOEERAN & V) EE(L
IR A FEACHET A S AR RS, ST, B
BB WIICR L TV 2B H 10 LT, B
FRESEIHAIED TERTHHEBPNS,

AR, BBHICES (FBRIL (EBS) 1T & HEERH

UER~OBHEFEICE L TiE, oS IcHE Liwv,
AR TR BRER N RER >~ A7 A, Sparc
Station 1. CESP Eff% AW TEER S5, CESP
EmORMICELTIY, Al EEIIEHOF4IERE D
CHHEBboTWA I LIS LT,
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