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Summary

We suggest the method to generate the instructional knowledge with the instructional knowl-
edge acquired by the learning system. Our method can classify the given problems, decide the
order in which the problem groups should be taught, and generate the easily understandable text.

At first, a teacher gives the learning system included in the ICAI system the input consist-
ing of basic operators, problems, worked examples. The basic operators are primitive operators
for solving problems, and the worked examples are sequences consisting of applied operators in
the problem solving. From these input, the leaning system can obtain the strategy knowledge for
controlling the applications of operators. The strategy knowledge are macro-operators and
heuristic operators.

The classification of problems are done by the analysis of worked examples. We assume that
the problems classified into the same group should need the same strategy knowledge. The strate-
gy knowledge are represented by the set of operators applied in the worked example. Therefore,
we can classify the problems by the applied operators. Next, the order for teaching the problem
groups is determined. Since we consider that the easy problems should be taught at first, the teach-
ing sequence is determined in the order of the smaller strategy knowledge. Furthermore, the
layered worked examples are generated by the expansion of applied macro-operators. Finally,
from all gained instructional knowledge, the ICAI system can generate the text with the worked
examples which students can easily understand.
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Fig.1 The structure of ICAI system with a learner.
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<Macro-operators>

(R1*AL+R2)/NR1 — R3*AL+R4
(R1*AL)/NR1 — R2*AL

A*R1— A*R1—>0
NR1*AL+R1=R2*AL+R3 — 1*AL=R4 (DS)
R1=NR1*AL+R2 — 1*AL=R3 (DS)
R1=NRI1*AL — 1*AL=R2 (DS)
R1*AL+R2=R3*AL — 1*AL=R4 (DS)

<Heuristic operators>
(R1*AL+R2)/NR1 — (R1*AL)/NR1+R2/NR1

R2*AL+R3=R1*AL — R1*AL=R2*AL+R3
(R1*AL+R2)*R3 — R1*AL*R3+R2*R3

R1=NRI1*AL — NR1*AL=RI1,

0*A — 0, R1*R2—R3, R1— R1—0, R1+R2— R3, NA/NA — 1, R1/NR1 = R2

B*R1+B*A — (R1+A)*B, R2=NRI1*AL+R1—> NR1*AL+R1=R2
R1*AL=R2*AL+R3 — R1*AL — R2*AL=R2*AL+R3 — R2*AL
NR1*AL+R1=R2*AL+R3 - NRI1*AL+R1 — R1=R2*AL+R3 — R1
0+NRI*AL = NR1*AL, NRI*AL+R1=R2— NRI*AL+RI — R1=R2 — R1
(A*AL)/A — (A/A)*AL

(NA*AL)/NA — 1*AL
(R1*AL+R2)*R3 —> NR1*AL+R4
AL*R1+AL*R2 — NR1*AL
R1*AL=R2*AL+R3 — 1*AL=R4 (DS)
NRI*AL+R1=R2 = 1*AL=R3 (DS)
NRI*AL=R1 - 1*AL=R2 (DS)

Fig.2 Learned strategy knowledge for equations of the first degree.
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10x-3x=2+12
Y Mi1:10x-3x—>7x
Tx=2+12
Y Hi2+12->14

M1 consists of [H2,H1].
M2 consists of [H3,M3,H4].
M3 consists of [H5,H6].

Tx214 (1) OPS=[M1,H1,M2]

Y M27x=14—x=2
x=2

(2) OPS=[M1,H2,H1,H1,M2,H3,M3,HS5,H6,H4]
(3) NSK={M1,H2,H1,M2,H3,M3,H5,H6,H4}

Fig.3 Generation of NSK.

H1 H2
O @

H2 H1
O O

H3 H3

s> s>

NSK : {H1,H2,H3} = NSK: {HI,H2,H3}
Fig.4 Application order.

s>
H1
O

NSK : {HI,H2,H3} # NSK:{HI1,H2,H3M1}

Fig.5 A macro operator.

s>
H1
O Qs>
H1 H1
O O
H3 H3
G >,
NSK:{H1,H3} = NSK:{HI,H3}

Fig.6 Plural applications.
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NSK:{HLH2} = NSK:{H1,H2}

Fig.7 Application of operators expanded from a
macro operator.

PGO [16]: S+x=12, 12+x=5, x+0.5=2.4, 2/3+x=—1/3, x—8=5, x—2/3=1/3,
4x+5=17, 6x—10=—4, —4x+5=13, —3x+7=—14, 3 —2x=7,
4—5x= —11, 1/3x+2=5, 1/4x —1/2=2/3, 2/3x+4=10,
—3/4x+2/3=17/12

PG1[2]:11=x —3.5, —3/5=x —2/5

PG2 [6] : 4x=24, —3x=12, —4x=8, 1/3x=6, 1/5x= —2, —2/3x=24

PG3 [2]) : 12=6x, 12=1/2x

PG4 (2] : 2x=x —3, 4m=21—3m

PGS [1] : 15x—3x=36

PG6 (5] : 4x— 10=2x, 5—8y=2y, t+3=4t, x+2=3/4x, 2/3y —1=2y

PG7[10] : 5x —9=8x+3, 2x —17= —7—3x, 7+4x=5x—12, 19 —4x=5x+9,
4x—10=3x—6, x— 11=—6—4x, 22— x=x+34, S5y—4=Ty+3,
—5+6y=25—13y, 4x+3=2x+3

PGB8 [5] : 2x—(x—3)=5, 4x—(3—x)=7, 3x+2(x—5)=—20, 6x—2(x—5)=16,

3x—2(4x—7)+21=0

PG (3] : 3(x—4)=5x+6, 4(2x — 1)=5(x+4), 2(x— 3)+5=3(x+2)

PG10 [1]:5—2(7x — 2)=2

PG11 [1]: 41— 1)+3(3t+5)=3t

Fig.8 Classified problems.
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Fig.9 Example problems.
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Fig.10 Review problems.

< The order for teaching >
{PG2, PG3} : 4x=24

PGS : 15x-3x=36

{PGO, PG1} : 5+x=12
PG8: 2x—(x-3)=5

{PG4, PG6} : 2x=x-3
PG7 : 5x-9=8x+3

< Review problems >
PGY : 3(x-4)=5x+6
PG10: 5-2(7x-2)=2
PG11 : 4(t-1)+3(3t+5)=3t

Fig. 11 The order of teaching and reviews.
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6x+3=4x—5 6x+3,—3=!4x—5 -3

\ 6x40=4x- 5 - 3
x=—4 X
6x+0=4x — 8

6x=4>!— 8
Y

Y

6x—4x=4x—8 —4x
\

\j
6x—4x=(4 —4)x—8
Y
6x—4x=0x—8
Y

6x—4x 0—8 A\

(6—4)x 0-8

2x= 0—8

(2xy2=( 8y2

2/2 8y2
x_( 82 (/)X—( Y

<

Fig.12 A layered worked example ( ¥ : operators).
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[ A worked example 1]
4x=24

[ A worked example 2]
-3x+15x=36

[ A worked example 3]

x+5=12

Y Yo Yo
(4x)/4=24/4 (-3+15)x=36 x+5-5=12-5
Yo h Yo
- _ In the same _
(AX%M_: ]2;—:;‘)65 way to WEI x+0;12h—5
(4/4)x=6 x=3 x+0=7
Y n Y
x=6 x=7
< Exercises >
(1)-3x=12  (2) -4x=8
(3)1/3x=6  (4) 1/5x=-2
E’57;1—22=/::;(2=x24 (6)12=6x [ A worked example 5) [ A worked example 6)
2x=x-3 5x-9=8x+3
[ A worked example 4] Y oh Y on
2x—(x-3)=5 2x-x=x-x-3 5x-9+9=8x+3+9
Yo Y'om L
2x-1*x-1*(-3)=5 x="'—x—h3 5x+0='8x-:13+9
L
2x-x-1 ‘(-‘3)=5 "=(1;1)X*3 5x+0;8x+12
h h
x—l‘(—3[;=5 x=$x—3 5 x=$x+12 wa;hiost
h S
h
_c In the same x=0-3 x=-4
x+'3_§S way to WEI ¥
x=2 x=-3
[ Reviews ]

(1) 5-2(7x-2)=2
(3) 4(2x-1)=5(x+4)

(5) 4(1-1)+3(31+5)=3t

Fig. 13 The generated text.

(2) 3(x-4)=5x+6
(4) 2(x-3)+5=3(x+2)
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<PG2> 4 : -3x+15x=36

<reviews>

<PG1>2:4x=24 2:-3x=12 2:-4x=8 2:1/3x=6 2:1/5x=-2 2:-2/3x=242:12=6x 2:12=1/2x

<PG3>1:x+5=12 1: 12+x=5 1: x+0.5=2.4 1:2/3+x=-1/3 1:x — 8=5 1: x-2/3=1/3 3 : 4x+5=17
3:6x-10=—4 3 :-4x+5=13 3 :-3x+7=-14 3:3-2x=7 3:4-5x=-11 3: 1/3x+2=5
3:1/4x-1/2=2/3 3: 2/3x+4=10 3 : -3/4x+2/3=17/12 1 : 11=x-3.5 1: -3/5=x-2/5

<PG4> 6 : 2x—~(x-3)=5 6 : 4x—(3-x)=7 6 : 3x+2(x-5)=-20 6 : 6x-2(x-5)=16 6 : 3x-2(4x-7)+21=0

<PG5> 4 :2x=x-3 4:4m=21-3m 4 : 4x-10=2x 4:5-8y=2y 4:t+3=4t 4: x+2=3/4x 4:2/3y-1=2y

<PG6> 5 : 5x-9=8x+3 5:2x-17=-7-3x 5:7+4x=5x-12 5:19-4x=5x+9 5: 4x-10=3x-6
5:x-11=-6-4x 5:22-x=x+34 5:5y-4=Ty+3 §:-5+6y=25-3y 5:4x+3=2x+3

6: 5-2(7x-2)=2 6 : 4(t-1)+3(3t+5)=3t 6 : 3(x—4)=5x+6 6 : 4(2x-1)=5(x+4) 6 : 2(x-3)+5=3(x+2)

Fig. 14 The comparison with a drill.
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