11

12

21
2.2
2.3
24
2.9

31
32
3.3

41
4.2
4.3
44
4.5

111
112

(number sense)



)

L

2

3.

3

L

11

111
(knowledge)
(pragmatism) (William
James) (John Dewey) 20

(James, 1975)

(process of verification and validation)

(deduction)

18



19

( senses)
(reflection) (Dewey,
1929)
(Dewey, 1929) 2
(non - cognitive experience) (cognitive experience)
(eflection)
(philosophy of science)
20 (Karl Popper)
(refuting)

" (falsificationism) - (Popper,
quoted in steedman, 1991)



(Feyerabend, quoted in steedman, 1991)

(Burton, 1992)
112
.. 1960 .. 1970
189%6-1980) (epistemologist)
(Darwin)
" (equilibrium)

(assimilation)
(accommodiation) (Sutherland, 1992)

( 25%)

.. 1980

(Jean Piaget

1

20

1



(active) |
(cognitive development)®

(Sutherland, 1992)

(ersonal - construct) (George Kelly)

(Kelly, quoted in Sutherland, 1992)

(Ausubel, 1968)
(the child’s own personal
constructs)
, (meaningful
verbal leaming) ] (advance organizer)

(White, quoted in
Sutherland, 1992)



12

(theory of active knowing)

(Kami, 1990; Nodding, 1990)

(cognitive conflict)

(reflection)
(cognitive restructuring)
(Piaget, 1965; Confrey, 1991)
(Underhil, 1991) (assumptions)
1) (cognitive - conflict)
(curiosity)

2
3 (reflective activity)
4
(cognitive restructuring)
5 123, 4

Y

22



(Dver and Bell, 1986)

]

(knowiedge structure)”

(Royer, 1979
(abstract structure)
(abstract structure)

23

(cognitive science)

2
(procedural structure)



1

motivation)

2

(Confrey, 991)

(Ausubel, 1968)

24

(procedural structure)

(cognitive conflict) (Intrinsic

(clisequilibrium)

(Piaget, 1965; Balacheff, 1991)
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(1) (high-
quality involvement)

(low-quality involvement)

(2) (emotional or
affective accompaniments)

(3) (self-maintaining)
(self-terminating)

3) (reflection)

(Dewey, 1933)

(pre-
reflective) (mastery)
(post reflective)

5



@

problem to be solved)

8)
hypothesis)
hypothesis)
@
()

(conditional)

27

(suggestions)

(an intellectualization of the perplexity into a

(leading idea or

(quiding idea) (working

(reasoning)

(testing hypothesis by action)
(overt action)
(imaginative action)
(hypothetical)



(Bigge, 1982)

(scientific approach)

28



(Piaget, 1965)

(Konold, 1991)

(median opinion)

(learner empowerment)

29



21

30

(Von Glasersfeld, 1991)

(Balacheff, 1991)

(number sense)

(number sense)

" (common sense)
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(National Council of Teachers of Mathematics : NCTM)
(good number sense)

)
(cardinal number) (ordinal number)
2)
(number relationships)
3) (relative magnitudes of numbers)
4) (relative effect of operating
on numbers)
J
(reference for measures of among objects and situations in their
environment)
6) (flexible mental
computation)
7) (estimation)
NCTM

(Greeno, 1991)
(a form of cognitive expertise)

(mental model)
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1) (flexible mental computation)
(recognition of equivalence) (regroup)
(mental computation)
2) (numerical estimation)

(context of computation)
3) (quantitative judgement)

(numerical values)

(Thompson and Rathmell, 1989)

1) (number meaning and
relationships)

41 2 3T % 50 735
00+30+5  73(10) +5

2) (relative magnitudes of number)

29 5
90 486 500 562

(nice number)



3) (relative effects of operation on
number)
(operator)
1
1
296 3l 3X30
4)

(referents for quantities and measures as number uses in everyday situations)

10 3,154

(reasonable referents)

(Reys and others, 1992)
(intuition)

(Sowder, 1992) 5

NCTM

(Howden, 1989)
(good in intuition)

33



34

(traditional algorithm)

(paper- and - pencil orientation)

(Hope, 1989)
(desirable trait)
(common sense) (feeling)
(common sense approach)
(ability)
(reasonable estimates)

" (number patterns)

(Crites, 1992)

(unreasonable results)

(traditional algorithm)

(reasonahleness)
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2.2

" (number sense)

(National Council of Teachers of Mathematics, 1989)

(Howden,
1989)
(natural insights) !

(distribution principle)

(McBride and Lamb, 1986)

Jginii



solving)

(Ronau, 1988)
(estimation)

2.3

36

(approximating) (problem
(sense of large numbers)

(number sense skill)



NSNS N

(Hope, 1989)

(calculating)
(measuring)

(estimating)

(practical context)

37



38



23.85
21)

22)
23)

240
120

5x19=9%

18.95

1.20

(

3
5%

35 %

30%

Vo

3% A
1.20

5x 20 = 100

20

23.85

10%)3

10%

24

10%

24

2

39



? ? (Thomton and Tucker, 1989)
2
1
10 1 , 1 1
1 2 1
3 3
2
) 36 +48 ’
2 50
1%"
? ? ]

(numerical situations)

? ? (Sowderand Sowder, 1989)

40



24

41



—

N2 BC RS IS

(flexible thinking)

(cooperative learning)

30

42



43

2.9

2x15 6 X 3

200

289 34 289 38 69

) 28
65 067

100



Piaget

31

(

52

44



(

(2529 : 21)

(Reese, 1977)

32

21)
22)
23)

Kamii and DeVries (1981)

(@iming games)

(races)

(chasing game)

45



46

4) ) (hinging game)
2

H) (Quessing game)
4
51)
5.2)
5.3)
54)
0) (game involving verbal commands)

6.1)
6.2)
6.3
0 (card game)

1)
12)
1.3
14)
15)
76)
1.7)
8) (board game)
4
8.1)
8.2)
8.3 1 2



84

2

(nonacademic games) (academic games) (

, 2530)
(nonacademic games)
(academic games)
2
2.]) (simulation games)
2.2) (nonsimulation games)

47



(Gilen, 1976)

1) (developmental games)
) (strategy games)
3) (reinfocement games)
(Lovell , 2528)
1) (preliminary games)
) (Structured games)
3) ' (practice games)
3.3
331

Kamii and DeVries (1981)
Piaget 3

48



Kamii and DeVries

49



50

3.3.2

333

TN S O ©
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—eea3aadysy

334
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41

42

52



53

4.3

(
, 25M4)
(rethemetcal modk)
(@iom) (ogjal decluction)
(methermeicaltean)
(tiion)
(proof)
431 4 1)

(Undefined term) 2) (definition, or defined term) 3) (postulate)



(val)

432

(ebstracy

54



433

44

441

(poof)

(oeneralization)

55



AWIAINTAUUNIINYIH Y
ChuLaLonGKORN UNIVERSITY

56



57

443

2544
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444

(%)

445

45

(epistemology)

2544

58



(Lakatos, 1976)

(Davis and Hersh, 1982)

(Platonist Truths)

(Confrey,1991)

59
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60



(Konold, 1989)
(probability)

(Bell, 1984)

(conflict teaching)
(direct instruction) 8

61



(Minstrell, 1982)

(Balacheff, 1991)
(counterexample)

1

14 2-3

13-14

62



(Cobb, Wood, and Yackel, 1991)

(standardized achievement test)

(2539)

1 145
10

5

18

63



05

(Reys and others, 1982)

01

05, .001,

(assessing computational estimation

64



ACE Test) 59
1200 7-12

(Scott, 1987)

01
sense competency)

(Crites, 1990)

65

10

20-30 %

number



66

400

96

25

(2525)

21

- 2524

6

01

01

01

0

1



(253))

3
45
4
1)
2)
0.05
(2538)

45

(t-test)

0.05

67



.05

(2532)

40

05

05

05

2

05

05

20

2531

20

68



10, 15...

(2533)

80

01

80

01

69
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