600 300 ) (Thales)
(logical chain)
300 (Euclid)

(axioms)

84)



2.Piaget

Piaget Inhelder (1956,
Dickson, Brown & Gibson,1984)

Piaget

(2) (nearness)(2)

(separation)(3) (order)(4) (enclosure)(5) (continuity)
(
82) Piaget 3-4
4-6 6-8
Piaget
Piaget
Piaget Inhel der

(Clemnets, D.H. & Battista, M. T ,1992)
Piaget

(perception) (representation)

(mental imagery)

Piaget 10-12



3. Piaget

Dickson(1984) Piaget

Piaget

Darke(1982) Piaget Inhelder

Piaget

Piaget

Pi aget

Lesh Mierkiewicz

(1978, Dickson ,1984)

Piaget

4.van Hiele

van Hiele

(Clements, 1999; Fuys,



Geddes, & Tischler, 1988 ; Battista, 1994 ; 84 ;

89) Dina van Hiele-Geldof  Pierre M.van Hiele
1957 1959 van Hiele
Piaget
van Hiele
Piaget
van Hiele
0 (recognition)
(
)
1 (analysis)
(
)
2 (informal deduction)
( )
3 (deduction)

4 (rigor)

10



5.van Hiele

van Hiele
Clements(1992) ( 82

1. (Sequential)

2. (Advancement)

( )
3. (Intrinsic and Extrinsic)
0
4, (Linguistics)

5. (Mismatch)

1



van Hiele

Clements Battista(1992; Clements,2000) van Hiele

(prerecognition)

3-6

(concept definition)

(concept

image) (Vinner & Dreyfus, 1989 Tall & Vinner, 1981)



Fischbein(1987)

(paradigm)

Vinner(1991) (cell)

Vinner

Vinner

(cognitive work)

‘ ( )

2-2-1 (Vinner 1991)



2-2-2 (Vinner 1991)

2-2.3 (Vinner 1991)

Vinner

2-2-4 (Vinner 1991)

14



89)

2-3

2. (prototype image)

Fichbein(1996) (paradigmatic model)

(paradigmatic example)

(prototype

image)

Presmeg(1997)

Clements (1992)

15



(Hershkowitz,1989)

(Visua)(2) (Self —attribute)

Hershkowitz(1989)

Schwarz  Hershkowitz(1999)

Hershkowitz

(@} (Prototypicality)
(2) (Part-Whole Reasoning)
(3) (Attribute Understanding)

(x- D(x- 3

16

(1)

Schwarz



Eliot(1987)

(Clements,1979)

1.Duval

(heruistic)

17

van Hiele

Duval (1995)



(D) (perceptual aprrehension)

(
)
(2) (Sequential apprehension)
( )

(3) (Discursive apprehension)
(4 (Operative apprehension)

()] (The mereologic way)(2)

(The optic way)(3) (The place way)

18



Duval

Okazaki  lwasaki(2000)
(1)
(3)

(Skills in Geometry)

Hoffer(1981)

(1)

(3)
(4)
(5)

Dreyfus(1991)

19

(2)

(2)



Tall(1989)

(Healy & Holyes, 2000)

(Hanna,1991) L akatos(1976)

(quasi-emiprical science)

(Davis, 1986)
(84
(1) (2)
(3) (4)
(5)




Holyes(1997) (1)
(2)
Holyes (The National
Curriculum in Mathematics)
(Attainment Target
AT) (1)AT1 (2) AT2 (3)AT3
(4) AT4

ATl

(Pattern)

(concept entity)

Moore(1994)

21



(1990)

Duval (1998)

(D) (visualization)

(2) (construction)

(3) (reasoning)



(Visualisation)

4
(Construction)

A

3
2-4-1: (Duval 1998)
Duval
(Reasoning)
(1)
(2)
(3)
(i)
(i)
(and)
()
(i)

(iii)

23



Healy  Hoyles(2000)

(2)

(3)

Healy  Hoyles

Coe

(1993)

(1)

(narrative)(4)

Ruthven(1994)

(1)
(empirical)(2) (visual)(3)
(algebraic)
Finlow-Bates, Lerman Morgan

? Dreyfus(1999)

24



Miyazaki (2000)

(1)
(2)
(1) (2)
)
2-4-1 ( )(Miyazaki,2000)
Proof D Proof A
Proof C Proof B
Proof A
Proof C Proof B Proof
D
MiyazakKi Piaget
(concrete operations) (formal operations)
2-4-2(a) 2-4-1
Proof A
Proof C

Miyazaki

25



Inductive Deductive

Inductive Deductive 1
reasoning reasoning

reasoning reasonming [

2-4-2(a) 2-4-2(b) « )

(Miyazaki  2000) (Miyazaki 2000)

1. (cooper ative lear ning)
( 89)
(
84)

Leikin Zaslavsky(1999) Newman(1990)  Sutton(1992)
1 2-6
2

26




(homogeneous) heterogeneous)

(Good, Mulryan & McCaslin, 1992)

Vygotsky

Yackd  Cobb(1996)

(Lakatos, 1976 Ernest, 1991)

(Wheatley, 1992) Yackel Cobb

(social norm)

(sociomathematical norm)

27



( 86) (1)
(2) (3)

Weigel(1998)

Wyndhamn  Saljo(1997)

( 88)

( 84)

28



