o o1 B LW Y

i v L\‘;‘_.l\\ \ : %,
RT - TRRERE - 1 TRL R .
(Linn and Pulos 1983  31)
(Shire 1986 3347 - A)
(Cramer et al. 1989  445)



(2530  18)

(Inhelder and Piaget 1959  164)



( 2530 5)

2530 18)

LR
(Double
(Inhelder and Piaget 1959

4
L
hl
. t ™
Inverse Proportion)
164 - 165)

(Lawson 1987

11

/\,: ’lill,

01)

400
200

10



1974

476 - 477)

1
(Karplus, Karplus and Wollman

{ o
4

(No Explanation)
(Intuition)
(Intuition Computation)
1
2 6
(Scaling)
(Addition)

2
(Addition & Scaling)

(Incomplete  Proportion)
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1
, 12 6 14}
"
8. (Proportion)
4 6
6 9
(Heller

et al. 1989  205)

(Heller et al. 1989 209 - 211) 2
(Qualitative Directional Reasoning
Problems) (Numerical Proportional
Reasoning Problems)
1. (Qualitative
Directional Reasoning Problems)
iam

(Directional Questions)
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2
11 (Quali
Change  Problems) '
am
20 3
30 2
[
30
T
30 X3
< 90
¢ 30
T
1.2 (Qualit

Comparison ~ Problems)
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5 10
5 8
2, (Numerical Proportio
Reasoning Problems) q 2
2.1 (Missing Value Problem
« 3 4
4 20
12
«
[
X
,\ 12
X X 12 Z( 20
X 60
60
2.2 (Numerical - C
Problems) o
[



«K «

«K
N

2

2 10
8 X 10 2 X 2

80 > i

, L

To

(Heller et al. 1989 205 - 220)

(Qualitative Reasoning)
(Numerical Reasoning)

1. ' (Qualitative Reasoning)
' ' |

(Heller et al. 1990  390)
9

019563

15



n
»

23

(Noelting 1981 332 - 341)

2-16



iy

q (a,b)
A a b
A at = (c,d) B
C d
c+d-=
4
1 (Symbolic - Thought)
A (1,0) B (0,1)
] D4
A (1,0) B (0,1)
A (1,0)
A B
2 9 D7
A(12) B (2,1)
( A B)



A (1,4)

18

« (Intuitive) 3

2.1 (Lower Intuitive)
B (4,1) A (1,2) B (2,1)
2
4 B4
A (1,2) B (2,1)
B (2,1)
A
L.
5 B6
A (1,0) B (1,1)
B (1,1)
B
2.
4 7 6
A (1,1) B (1,0)
A (1,1)
B (1,0)
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TU 2.2 (Middle Intuitive)

A B
A (1,0) B (1,1) A(12) B (1,5)
5 BT
A (1,2) B (1,3)
A (1,2)
A=
B
6 B9
A (2,1) B (3,4)
B (3,4)
B 3
A
2.3 (Higher Intuitive)

COA (L) B (2,3) A (3,4) B (2,1)



6 B8
A (11) B (2,3)
A (1,1)
A 1 1
B 2 3
B
! B9
A(2,1) B (3,4)
A (2,1)
2 1
B 3 4
B3 A(1,1) B (2,3)
a= ,¢<d (a,b) > (c,d)
a<C
B9 A (2,1) B (3,4)
a> , c<d (a, ) > (c,d)

a<C

20
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6 B12
A (2,2) B (3,3)
(3,3)
3 2
3.1 (Lower Concrete
Operation) (1,1)
A(11) B (2,2) A(22) B (3,3)
1. (
)
1 AT
A (1,1) B (2,2)
A ' B
A 1
1 B
2
2 2



3.1
11 Al2

A (1)
1 B lppa
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3.2 (Higher
Concrete Operation) (a,b)
A (1,2) B (2,4) A (4,2) B (6,3)
1 ( )
11 AL2
0 \ A(12) Vv
B (2,4)
A B
2 2
1" 1
2 ( )
8 B14
A (4,2)
B(63)
A B
A 4
2 B
6 3
2
1. A = A
2 m(a, ) = (ma, mh)



Operation)

A (1,3)

4.1

B (2,5)

24

Al8
A (2,1) B (3,2)

(Formal Operation)

(Lower Formal

A (23) B (1,2)
( )
16 AT
A(13) B (2,5)
B (2,5)
1
2
B 5



14 A7
A (1,3) B (2,5)

1 ma = C
m(a, ) = (ma, mh)
m =¢, m>d
(ma, mb) < (c,d)
(g,b) < (c,d)

4.2 (Higher
Formal Operation)

14 Al9



01" z



o> X<

(

?[

h(a,g)  =(ha, hg)
g(e.h)  =(gc, gn)
(9¢, gh) >(ha, hg)
(c.d) >, )
100a 7 b =x%
100c 4 d =y%

X <y

(a, ) < (c,d)

(Numerical Reasoning)

[

i



10 A

(Fisher 1988

161)

(No Answer)

(Intuitive)
! !

(Additive)

5+3=8
(Proportion  Attempt)

(Incorrect other)

(Proportion Formula)

10

28



6.1

6.2

1.1

1.2

8.1

IONGKORN U
(Algebra)

\

X
3
2
9x5 = 5
X =
5
2
5+2M= T

RO = X<

29



30

8.2
A
6 x X 9 x 5
i 2
2
[
/ % ;
9. (Correct other)
(Thornton and Fuller 1981  336)
5
1 ! " (Intuitive)
2, (Additive)
\f (Projection of  Shadows)
8 18
2 16
3. (Ratio Attempt)
4, (Ratio Formula)
6 X
] -
i X 6% 18
81
X 13 =

13



20

(Conversion)

(Strickland and Denitto 1989

11 -

13)

31



32

%
2 ( ) 2
3 )
100
2 20
7
ST )
0 i
3
(
3 30 20
: 71 . i )
A
20 .30 VL
00 t nmi tl 10

150



189

i

12

i
1200
25

AABC

1200

25

63

A DEF

30

YP

33

48



AB 8
A DEF S d
1 d' o ! 63 d
V
7 (3,8)
(12.y) y
X y £

8 40,000
25,000

8>, 25000 , 4000 _ 25000
f

o 800 t

34

A DEF A
A ARC
DE
d=6
(0,0)
:
(12,y)
800
Lt = 5000



S W N e

(Wollman)

(Karplus et al. 1977

13-15 3,456

1,656

3

| (Intuitive)

A (Additive)

411
!

- 417)

1,800

399
280
467

1,020
595
319
376

3
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Tr (Transitional)

R (Ratio)
2.
5 3 2
R A
| Tr 640
3-5 1,273 2
1,265 1 278 0
(Newton, Capie and Tobin 1981 1- 7)
6-13 2,222 TOLT (The
Test of Logical Thinking) (1980)

(Addition)
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(Jackson and Phillips 1983 337 - 344)
] 1

213 111

|
102

(Fisher 1989 1715 - A)

20

14
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(Hale 1983 77 - 85)

2 59 65
49
203 (B ) !
1
1 3 1-3
2 2 45
3 3 6-8
4 4 912
W\T §-12
2 2
12 3
19 - 35
31-35 4 19
2-3

(Koch 1987 n- A

(Vergnaud, 1983 56 - 63)
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53

(Shier 1987 3347 - A)

369
78 9 10 3
TORT (Test of Response

Types)



TORT

(Bar 1987
2
4 5
1
1
B
| B

(Bezuk 1987

599 -

613)

2932

-A)

264

40



(Raven 1987 565 - 570)

9 11
9 W 9 ) 24
% 6 ) 24
3
1
o
700 600
500
100

400

200

1,000

400

11

41
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11
11 9
(Saunders and  Jesunathadas
1988 55 - 67)
M J
% (34 43 )
10 11 12 9
2 3
|
2 3 3 2 LONG 5 4
2 1
4 15 5 4 18 5 5. 18
3 I

88



(Moore 1989

12

378 - A

29
16

(Heller et al.

14

1989

10

0.05

205)

43

5.5

13



254

492

0.45

(Heller et al. 1990

- 421

388)

0.38

44
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