11
12
13

21
2.2
2.3
24
25
2.6
2.7

31
3.2
33
34
35

41
42
43
44

Piaget
Bruner
Thurstone



11 Piaget
111

( The Cognitive Development Theory)
Piaget
Piaget
(Lefrancois , 2000 : 81-82)
(Schema)
(Concept)
(Assimilation)

(Accommodation)

(Equilibration)

(Organization)

(Adaptation)
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1

2ee
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U
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v '

o
UUN

o AI v < a 1
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g

3

e
=b.

u
Wanazlianna (Disequilibrium)aaslaseairaniatloyoyn

v
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sotnsruruNsUiurt e lasaiasnLsy W lAsaase
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1 (Adaptation)
(Bybee and Sund, 1982 , 25341 13)
112
Piaget
4 (Hunt and Sullivan,
1974 :131- 132)
1)
2)
(Continuity)
3)



: Piaget ! 4

2520, 2534)

1) (The Sensory - Motor Period)™

2
(Reflex)
(Intention)
(Schema)
(Displacement)
2) (The Period of Preoperational Thought)
2-1

2-4
(Egocentric)



(Reversibility)
(Classification)
(Time)

Reverse
(Deduction)

11-15

15

(The Period of Concrete Operation)

(Conservation)
(Sériation)

(The Period of Formal Operation)
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(2538 : 133)
Piaget

(Cognition) Piaget

113

Piaget

Karplus (1977 : 170-171)
Piaget

(Concrete Reasoning Patterns)
¢, (Classification)

C2 (Conservation)

C3 (Serial ordering)
(One - to - One Correspondence)



2

14

(Formal Reasoning Patterns)
F, (Theoretical Reasoning) :

F2(Combinatorial Reasoning)

Fj (Functionally and Proportional Reasoning)

F4 (Control of Variables)

F5 (Probability and Correlation Reasoning)

(Karplus,1977 :171)

)
¢, C3 ) Fr F5
Fr /5 C:C3

3)

4)



15

114

Piaget
(Wadsworth, 1979
, 2520 : 20-22)
1) (Maturation)
2) (Experience)
Piaget
2.1) (Physical Experience)
/ 2
2.2) f(Logical Mathematic Experience)
2
10
2
3) ' (Social Interaction)

4) (Equilibration)



12

Bruner (

(Learning by Doing)
2)

(Preoperational stage)

Bruner
Piaget

Bruner

16

Bruner

' 2523 :133-136)

(Enactive stage)
(Sensorimoter stage) Piaget

(Iconic Stage)
Piaget

Piaget

(Symbolic  stage)
(Concrete  Operational)

Piaget  Bruner
10- Piaget

Piaget



13

Thurstone (

Centroid Method
1 1
(Primary Mental Abilities)
)

17

Thurstone

12539 : 38)

-
PMA 7
(Verbal Comprehension)
(Number)
(Perceptual Speed)
(Spatial Relations)
(Word Fluency)

(Rote Memory)

(Inductive Reasoning)

Thurstone



21

Shaner (1959 : 123)

Mill (1979

Copi (1990 : 4)

(2517 :3)

(2521 : 179)

(2530 : 1)

12530 : 1)

18



2.2

221

19

Eysenck and others (1972 : 214)
2 (Deductive Reasoning)
(Inductive Reasoning)
(Deductive Reasoning)

Magill and Rodriguez (1996 : 1005)

(2521 :4)

(2529 : 8)

"1 (2534 :7)



2.2.2

Magill and Rodriguez (1996 : 1005)

(2521 : 4)

(2529 : 7)

(2534 :7)

20

(Inductive Reasoning)



2.3
Salmon (1974 : 14)

(2521 : 50)

(2520 : 184)



22

24

2 16 (The Sixteen Binary Operation) (Inhelder and
Piaget 1959 : 103- 104) (Syllogism) (Smiley, 1973
, 2531:13)
24.1 16 Inhelder and Piaget (1959
103 - 104) 16
16 2
1) (Disjunction) "
Pv(

(Pva)- (peq)v(peav(peq)

P P /P P
Y g g Y
2) (Negation of Disjunction)
(Pva) (Pva) P q
(PvQ)=(p-9)
1
3) (Conjunction) P g
' (p.q)
4) (Negation of Conjunction”
1P q 2

(pg)=(p.q )v(p.q)v(piq)



23

5) (Implication)

(p=3g) =(p.q)v(p.q)v(p.q

6) (Negation of Implication)
P q
P q)=(».q)
5
1) (Converse Implication)

(Q=)P) = (P-Cl)v (P-Q)v (p.g)

8) (Negation of Converse
Implication)
(@s p)=(pa)
9) (Equivalence) w ey
P=0 P g P
q (p=q)=(P-d)v(PP)
1 5
5
10) (Negation of Equivalence)
(P a)=(p.a)v(p.q)
9 5
11) P g (Independence of pto g)

P =(p.q)v(p.q)



24

12) P g (Negation of
Independence of pto g)
pla] = (P-q) vV (pa)

13) g p(Independence of g to p)
qlp]=(p.q)v(p.q)

14) g p (Negation of
Independence of g to p)
qfp]=(p.q) v (p.g)

15) (Tautology)
p*q=(P.q)V(p.a)V(pg)V(p.)

16) ( Contradiction )
(p*q)=0
15

16 5
) (Disjunction) «
2) (Conjunction) «
3 (Implication)
Y (Equivalence)

5) (Negation)



24.2 (Syllogism)
(Aristotle)
(Smiley, 1973 , 2531:13)

( 2534 - 44)

2.5

Searles (1956 : 229-230)

251 (Classification)

25



2.5.2 (Analogy)
H
2.5.3 (Number Series)

10, 15, 20, 25, 30, 35
40 . 50 . 60

10 . 80

2.5.4

2.5.5

26

(Letter Series)

(Letter Grouping)



27

2.5.6 (Generalization)
Mill (Mill's Methods of Inductive Inference) — Mill ( Copi and Cohen 1990 : 383 -
399)

5
1) (Method of Agreement)
2
abed . X
- X
AN SclanIINeg X
a X

2) ( Method of Difference)



28

a o3+ X
o3 [ X
P obCd s L
P L
3) (Joint Method of Agree
and Difference) 2
2

a 7 ¢ aawl X
8 CPim—— .. X

o X
) Y E-Cosir X

a X a X



(
( )
4) (Method of Residues)
ABC
abec
B
C C
A a
150 70
22 27 18
13 13
5) (Method of Concomitant Variation)
2 Cd i X
a  Cd . X,
2 Cdauiiin, X2
a3 Cd i X3

29



2.6

26.1

= L 2 =

X
1
10
(2534 :11-12)
)
(Consistency”

(2534; 11-12)

(2526 : 280)

(2526 : 280)

30



N

2)
3)
4)
(2530 : 19 - 24)
(2530: 19-24)
262
(2530 1 19 - 24)
)
2)

(2530: 19- 24)

31



2.1

8-18 |

2.1.1

(2536 : 279)

(2536 : 279)

Matulis (1969)
75,000
10 60-90 191-110 1111-170+

33

14-17

32

R S

8-10,11-13,14-18
1



33

O' Brien and Shapiro (1970)

6-13
8 3
6-8 | 9-12 , 13
Lasher (1971)
4-T
Opper  (1971)
1-2
Weybright = (1972)
Inhelder and Piaget 2 (Equal Arm Balance Task)
2
6 30 15 15 119
9 148 9
6 Weybright
6 20-30
(2518)
12-16
6 3 400
1 )

14 15



Inhelder and Piaget

(2520)

(2524)

13

Inhelder and Piaget

15

- 16

34



35

3)

11-14 15-16
4)
2.1.2
Lol (1997)
2
2 0-100
1
5 72
50 () 10 NS 70 80 ()
72 () B
2 9
2 1 11 2 2 31 1
3 51 2 2 5 71 1 2 79 1
2 23 4
100 0 12345678 9
(2526)
40 4
1)
2)

T5MI4Cik’



40

30

(2539)

(2540)

10

60

36



37

2.1.3

Lutes (1979)
Piaget 9

ISCS (Intermediate Science Curriculum study)
5 6 5

ISCS

(2522)

(2523)

(2527)

(2530)



(2531)

(2541)

10-11

38



39

Bybee and Sund (1982 2540 : 25-28)

1) Piaget 4
1.1) (The Sensory - Motor Period)
1.2) (The Period of Preoperational Thought)
1.3) (The Period of Concrete Operation)
1.4) (The Period of Formal Operation)

2.0) 4
22)
2.3)



40

Piacet

Lo © ~ T ~ ln d < e - e B
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4

(10)



31

Nickerson (1984

, 2530 : 20 - 25)
5

42



43

1 ) (Cognitive - Process

Approaches)
Feuerstein's
Instrumental Enrichment Program Feuerstein, Rand, Hoffman Miller
(1980) 1980 Feuerstein
Instrumental of Enrichment (Fisher, 1990 : 143-154)
Instrumental Enrichment (IE)
' (' Instruments)
IE
The SOI' Program Meeler (1969)
The
Science - A Process Approach Program : SAPA Program Gagne (1967)
Project Intelligence Material
2)



44

The
Productive or Thinking Program Covington (1974)
Schoenfeld (1980) Rubenstein
(1975) Cognitive Research Trust Program : CORT Program ~ Bono (1983)
3)
Piaget (Formal Thinking or stage
Development)

(Leaming Cycie Approach)
Karplus (1974) 3
(Exploration) (Invention) (Application)

4) (Language
and Symbol Manipulation)

LOGO  Papert (1980)



45

Microworld  Papert

9)
(Thinking About Thinking)
The Philosophy for Children Program Lipman 1 Sharp Oscanyan
(1980) '
Lipman
5
2 (Specific Program)

Piaget



46

ASCD Wingspread Conference Center in
Racine Wisconsin 1984
60 3
(Teaching for Thinking) (Teaching of
Thinking) (Teaching about Thinking)
(Innotech, 1991 12539: 11)
1) (Teaching for Thinking)
2) (Teaching of Thinking)

3) (Teaching about Thinking)



(2540 @ 64-65)

47



3.2
321

Anderson and Pingry ( 1973 : 228 )

Bell (1978 :309 - 310 )
Handerson and Pingry

Cruikshank arid Sheffield ( 1992 : 37 )

(2517 :17)

(2527 : 16)

48



49

3.2.2
Polya (1973 ! 2537 . 8 - 10)
2
1) (Problem to Find)
3
1.1)
1.2)
1.3)
3
2) (Problem to Prove) '
2
2.1)
2.2)
Baroody (1987 12533 : T3)

2

1) (Routine Problems)



50

2) (Nonroutine Problems)

3.3

3.3.1 (Information
Processing)

(input) (Processer)
(Output)
(Klausmeier, 1985; 103-105)
Sternberg (1999 : 351 - 354)
(Executive process)

1

n1sseyloymn

7

nsdssiiunanisuitloymn

2
nisanfinAutlymn

nsaianagnslunisuitlom

N19AAATININENGH PR PR L]

L lunsuitloym nneadesnuiiym)

2 (Sternberg ,1999 : 351;



)

2)

3)
Problem-Solving)

4)
about a Problem)

5)
Resources)

6)

1

5l

(Problem Identification)

(Definition of Problem)

(Constructing a strategy for

(Organizing Information

(Representation)

(Allocation of

(Monitoring Problem Solving)

(Evaluation Problem Solving)



52

(Ack,1986 : 101)
)] (Pradem Representation)
2 ( Sdution Process)
_}
3 (Gick, 1986 : 101)
1 )



3.3.2

Polya (1957

(Understand the Problem)

(Devise a Plan)

(Strategy)

(Carry Out the Plan)

(Look Back)

53

1 18-



37-38)

(if

333

3.3.4

then)

E L =

L N2 2

54

Yotis and Hosticka (1980 : 561)

Krulik (1987 2536:
(Heuristic) 5
(Read)
(Explore)

(Select a strategy)

(Solve)

(Review and Extend)



335

(2530: 13

55
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56

Raya 1967
Ydis ad Hostidka

Gk 1986
Kruick 1987

Gk 1986
Kruick 1987

Pdya 1957
Ydis and Hostida
1980

Gk 1986

Kruick 1987



S 8 b e S 9 U & v b e

9 U

5

Poya. 1957
Ydis and Hostida
1980

Gk 1986

Krulick 1987

Pdya. 19657
Ydis and Hostida
1980

Gk 1985

Kruick 1987
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34

341

(Metlin, 1983 : 225229)

M=2S- 10
2
M+5=S+5+8
M 2
2S- 10+5= +5+8

=18 IM=26
2 Lis)
3 (Marices)
4 @Qepy)
9 (Fgure)

(Visual Inmrecary) Koestler (194
Vetin 11983
(Iration=l)



342
, 2530 : 134)

343

(2537 21-71)

59

Greernes (1972



71

72

“‘nat A’

60



35

Vega (1920)

Ztarelli  (1990)

Gamett (1991)

Metingly (1992)



1

(2522)

(&=

62



63

4.1
Good (1999 : )
Husen and Nendlle (1985, 12542 :39)
(B2%6 :
4.2
Wilson (1971 , 2A2 :4043)
Boom ad ahes
(Gognitive Darain) 4
421 (Conoutation)
3
i) (Knonledge o Satdfic Facts)
2 (Knonledoge of Tenmindogy)
2 (Allity to ¢

Agaithns)



422 (Garprehension)

) (Knowledge of Conoepts)

2 (Knowledge o

Prindples, RUes and Generdization)

Vethemrdtical  structure)

)
(Ablity of Transform Prddem Henrents Fram Qe Mode to Anather)

5 (Allity.of Fdlow a Line of
Reasoning) (Cedudive FOTTHL)

6
(Allity to Reed Interpret a Mathenratics Prdden)



65

423 (Apication)
4
) (Pbility to Save Routine
Prodem)
2 (Pbility to Meke Conrperisions)
2
3 (Pbility to Analyze Deta)
4

(Ality to Reacogrize Pattems Isonorephisns and Synretries)

4.24 (Arelysio)

Norvoutine Prader)

(Ablit



66

2) (Ability to Discover
Relationships)

3) (Ability to Construct Proofs)

4) (Ability to Criticize Proofs)

5)

(Ability to Formulate and Validate Generalization)

43 ;
Brown (1983 : 232-234, 259
2
43.1 (Teacher - Made Test )
2
1) (Formative Test)
2) (Summative Test)
432 (Standardized Test)
2



44

Jones (1972)

(2523)

(2524)

67

11

38 20-30



(2527)

(2531)

Piaget

68



	บทที่ 2 แนวคิด ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	แนวคิดและทฤษฎีพัฒนาการทางปัญญา
	แนวคิดและทฤษฎีเกี่ยวกับการคิดหาเหตุผลเชิงตรรก
	แนวคิดและทฤษฎีเกี่ยวกับการจัดประสบการณ์หรือการจัดกิจกรรม
	แนวคิดและทฤษฎีเกี่ยวกับผลสัมฤทธิ์ทางการเรียนวิชาคณิตศาสตร์


