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1.
2. «
3.
4., I
5.
6. / »
7.
7.1 »
7.2 ) »
h
1.
L im

" (Number Sense)

>»

DY

«

»

) »

«

»

»
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A (National Council of Teachers of Malhematics, 1989 ;
National Research Council, 1989 and Blackwell ft Henki.il, 1989 ; cited by
Greeno, 199.1: 173)

(Commission on Standards for School Mathematics of

The NCTM 1987: 37) (Good number sense)
1.
2. »
3. (relative magnitudes of numbers)
4. ' (relative effect of

operating on number)

(Thompson and Rathmell 1989 : 2-3)

1. (Number meaning and
relationships)
» ' &
(Place Values)

(Good Sense)

(Compose) (Decompose) 5 4
1 2 3 75 25 50 735
700 + 30 4 5 73(10) 4 5 1 «.



2. (The relative magnitudes of number)

' ? 1l
? , 29
5 ? 90 486 - 500 562
' ( 22 2
0.4937501
0.5 0 1
9.8364483 10 !
(nice number) 4
3. (The relative effects of
operations on number)
? ! ! ?1 2 (operator)
) 1
| ?)
1 ?)
? pi ?) ?
?
2946 » a1 3 X 30 I 118
! 50 I 118
4. L - ' 2! I

(referents for quantities and measures as number uses in everyday

situations)

?) 10 ' o 3,154

? ?)

(Reasonable Referents)



(Howden 1989: It) 3 ?)

n, 34 (Good Intuition)
no M1 }? ?
5 S R} o
3 ? ?) ? n?) (Traditional
Algorithm) I'm i ? ?) )] (Paper-and-
Pencil Orientation)
(Greeno 1991 172-173) -
1 ( (. form of cognitive
expertise) ! ?)
X (Mental Model) /
1. X (Flexible Mental Computation)
?) 1l
(Recognition of Equivalence) /X
1), (Regroup) / ( (Meni.nl

Computation)

(Numerical Estimation)

2. !
1 ?) 11 ?) ?) ?
(Context of Computation)
3. (Quantitative Judgement) !
?) ?
(Numerical Values)
(Hope 1989 12) ?)

(Desirable Trait)



(Common Sense)

(Feeling) «

(Common Sense Approach) | m il TU

(Ability)

(Reasonable Estimates)

" ?) " (Number Patterns)

(Scott 1989  8)

(Crit.es 1992  604) ?

(Unreasonable
Results)

(Nonalgorithmic Forms)

' (Traditional Algorithm) ib
1 $ ?

')

(Reasonableness)



(Natural Insights)
1

? !

(Distribution Principle)

(Ronau 1988 437)

(Approximating)

)

RI

(Howden 1989 7)

?1

! (Estimation)
ib (Problem Solving)

(Sense of large numbers)

1 (light, years)
(rn"n
)



12-15)

=

(Number

7

R2

)

(middle and high school shudent.s).

*; (McBride and Lamb 1986 loi)
*;
T? *;
* *.
* .
Hou
L * )
.
ik )
)
* )
i«an
-, 1 , T,
Sense skill) 1' (Hope 1989

'



n*

(Calculating)
(Measuring)

(Estimating)

?1 1 ="

! (Practical

Context)

*)



N/

«

3176.5479

1)

64



21

35% 1 23.05 71

2.1 30% 20 10% 20
2 ' 2 3 6

2.2 23.85 24

7.20

2.3 33 ~ % 24 i
24 8

2.4 35% 24 10% 24
2.40 3 7.20

1.20 ( 5% 10%)

21



i8.95
5X 19 =95

100"

10

(Thornton and Tucker 1989 18)

2
1}
1}
2 1
3
36 + 8
2 50
'}

« 1

: I 14,

(Numerical Situations)

C ]

RB



fuit
!*
?)
?)
p »
® ? I*
( ' b
!
?) ?)
) ? 21
21 ?) 1 !
n (Flexible Thinking) N
(Cooperative Learning)
? ?) 2 ?)

ANGRURNUNIY



«

a9k w noe

«

«

«

«

«

«

«
(Sowder and Sowder 1989

«

«

(Number Sense Program)

55)



, « « »
(Longley 1983 1)
.1986
(Hosford and Scott 1986: 30) (Short Cut)
10
! 12 600
(Regular Curriculum) 1
3 L)
1. '
2.
(Number sense program)
3.
4.
4
(Number Sense Skills)
1987 (Scott 1987: 70-75)

1986



70

(Number Sense Curriculum)

(Regular Curriculum) $

1. « (Place Value)
1.1 10 100 1000
1.2

2.
2.1 y (Special series of

consecutive digits)

2.2 (Three-digit whole numbers)
3. (Averages)
3.1 / (Consecutive even (odd) numbers)
3.2 AR SR fill (Special sets of consecutive
digits)
4.
4.1 10
4.2 11
4.3 5
4.4 (Zero Property)
5. Fw - - 23" 45 8
6. (Number Properties)
6.1 , (Additive Inverse)
6.2 (Multiplicative Inverse)
6.3 (Prime Numbers)

6.4 , (Odd and Even Numbers)



10.

8.1
8.2

9.1
9.2
9.3
9.4

10.1
10.2
10.3
10.4

6.1

rw
(Inequalities)

ab = Y =a

t { (Estimation of whole number)

(Fractions)
(Ordering)
(Factors)

(Common denominators)

«

(! .05

(Mental Computation)

«



(Reys 1986: 22) " >

(Exact, Answer)

(Scott 1987  13)

(Concrete Aid)

(Allinger and Payne 1986: 145)

(Exact
Answer)
(Hagekamp 1986 : 116) (Mental
Arithm etic) (computing) (exact
answer) ?
) (Nontraditional

mental processes)

(2524 : 1)

(Covert Behavior)

(Short term

memory)



«

«

( ih 2525 36)

6.2
(Mental Procedures) 7
(Covert Behavior)
(2523: 2)
. L ar ar d \. o
PRI &) > | afaraeFuudd >| vt e ——
( <~ v
(TanaLan (MIBR") LAy
<o g« o o U, a '4 < <~
adtaNsEduAI TN > | tNuAaaUI > | a28aaLaaT > | L 1O
P 3 o
LAt Huithmn AMAVIE Y NG WD




A

)
« « « (Short-Term Memory)
2 « 7 £2 «
, « 1 « (m 2521 125-126)

(Sowder 1990 19) 3
(Short-Term Memory Space)
" 7 +£2

30 1} ( 2528  39)

I+
N

(Memory Span) - I 7
d !
(Hunter 1966 59) -
2£ ,3,4,41 ,7 10
2,3,4,5 6
7 30
50 - 60 6

thr

'hnn



(The Nature of Invented Mental Procedures)

)

(Plunkett
1979 2-5) (Mental Algosithms)
(Paper-and-Pencil Algorithms)
(Written Algorithms)
1

(Sowder and wheeler 1989 130)

1. ! (Variable)
) ! -
2. (flexible)
3. (Active Methods)
4. !
5.



6.3 1
[
100
19
21 ym

(Written Algorithms) 1930

/ (Atwell 1982
Scott 1987 14) 1980

(Mental Computation)
(Back to Basic)
(Robert. E. Reys 1984 647)

(Reys 1984: 549)

1. / !

(Written Arithmetic Algorithms)

2.
3. (Creative and
independent thinking) /
/
4 m
5.

(Spitzer 1967 Scott 1987 15)

(Driscoll

1981)

10



17

2 (Atweh 1982) 1 2

?1

(Zepp 1976) "

! " ?1

(Babara J. Reys 1986 22-29)

?1 ?]
!
?)
2!
(Atwell
1982)
1. ! 1
2. { : (exact-answer)
3. ! 2!
2?1 2!
2 ? ! (Wandt and
Brown 1957 Hope 1986 6) m 7
24 2?1
! 4
1. ?] ?1 (mental - exact)
2. ?1 (mental - approximate)
3. ?1 (Paper - and - Pencil -

exact)



78

4, ? (Paper - and Pencil -
approximate)

' 1 1%
(mental procedures) 25%
(paper - and - pencil methods)

i ; n ?! ? ?
i 72
' (Hope 1986  16-53) ?) ?
(1) ? ) (Practical
Life skill) n !
? rt N (exact solutions)
Jas) (2)
7] ]l
7 "] 9
] ! ?
U 7]
7 (Max Beberman Hope
1986  53) ! 25
L ?! ?
fl ) 7 7]
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« 2
(The Second International Mathematics study)  « «

« |

(The National Council of Teachersof Mathemetics - NCTM) «
(British Columbia Mathematics Assessments)

I« "M« «  (Paper-and-Pencil Algorithms)

«

« « « N
(Hope 1986: 47) ? «
? 7 «
7« « ?
(Maier 1977) .
« « N
' 5 O " (Foll< Math)
« 7
«
« «
?
” « «  (STM) « o« «
« « . (Hunter
1968 Scott 1987: 17) ? ' I (Hope 1984
Scott 1987:17) « '
' « «
(Paper-and-Pencil Mental Analogue) ?

«



80

? il (The National
Assessment of Educational Progress - NAEP) 3 M 1083
9 50% ‘
N
1 1 I 1 I
(Reys 1985  14-16)
(Reys 1985  43-46)
» '
| !
3
1. ' (Efficiency) !
(non - written arithmetic)
: !
!
2. (Enriching the existing curriculum)
!
3. ! ' (Developing - mathematical
reasoning) - :
I'
!
! 1
I
il (Reys 1986: 22-23) I



6l

)

]
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70 (mm
)
1 I ' 1 Il
(Number sense program) (
(Scott 1907  49-53) ! !
) * 7 ? (Num.[>er
Sense Curriculum) In 7))
(Atweh 1982  23)
)
1 (Emphasis on understanding) ? wann
)
2. | I (Emphasis on problem solving)
L9 ?)
3. (Emphasis on reflection)
4, (Emphasis on sequencing) Ol
)
(Written  Arithmetic)
) )
) 1) ) !
) 1?) ? | ?
?)



83
1. (Estimation)
7.1 ) )
(Allinger and Payne 198G  145)

(Size of the neighborhood) ' «

(Reys 198B  22)

(Thompson 1979  575)

? (Reys and. Bestgen 1981 . 19)
?

(Reys and others 1989  214)
! !

} (Siegel and others 1982  215)

)3 il 3



(Hall 1984  5]6)

1.2

(Kennedy 1984  107)

" 0/ NELE,

(Usiskin 1986  1-12)

estimates)

(Exact Value)

1.1
”

84

71

(Constraints force

7|

., (Value Unknown)
19

”



1.2 1 (Value Varies) ) )

"It ' ‘ ;
! )
1.3 (Measure Limitations)
(Exact Value)
5 1.4 “" (Limited Domain) o)
(make sense)

3 10 4

1.5 (Safty Margins)

(Underestimate)
(Overestimate)
(
)
1.6 ) ) ,
1.7 (Algorithm Constraint)
L)yt TR (Single finite decimal)
2. ! (Estimates increase elearity)
3. ) (Estimates are easier to
use) )
4, ) (Es), imating
gives consistency) )
)

(Leutzinger and others 1986  82)
" ) ) (Sense

of number) ) "



86

1.3 aam o F o
' I
! (Trafton 1978  213) 1
T a |
' (Hall 1977  6324-A)
!
(2530 25)
I
| 1)
! 1
)
I )
!
)
Wen ! (Estimation Skills) (Re.ys
1986  42-44) ! ! ) 3
1. | ' ' L
| : (n"strulctlonv) K - |)" /)

(Meaningful Practice)
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2 Bn ]
. K ;5-10
. } . ’
9 1
3 ;o ®}
; ; 12
m l '
(Trafton 1980  16-30) , !
; !
; I ; »

(Exact Answer) ;

1.
2. ' (Sensitivity) ;
(Flexibility)



? If ! ; !
| AN |
d ” ?
” 70 |9
! |
| !
| I
!! 1 1 1 1
| A
78
e R Y e Y |
1 I! !
Lo
” 7
AN oo )
1T 17] 7 1
I | | |
79 | o



89

J I
{} ; J I 1 I
N
)
I1a I mm
(Overestimate) N
(Underestimate) ,
! )
; (Sensitivity)
N ! (Context.)
L (Purpose for Estimating)
1.
J ' J ]
! )
2,
(Flexible Tilinking)
] ;
il
(Diversity) 1 )
; 14 ' «
J
] M
(Sensitive)



90

) .
7 ! : ) ' :3
?
« «
«
?
7.4
1980 ?) ?
9 : ]!
/ / Il (Reys 1986  32)
? ? 7 (Roys and.
Others 1982  183-201) ?) ? I
/ 3 3
L (Reformation)
(Rounding) (Front. - end left most
number) ? '
(Original number)
343 * 6 42 76 347 350
1 ?
2. (Translation) 71
I
3. (Compensation)
32X4.12 l

120 79



100

Sk

”

OO —~J O Ol B~ W N -

91

(Poll Iter arid Haylock 1988  28)

N 10

”

(Number Patterns)

(Suydam 1984 35)

1l
I (Place Value)



(Good 1973)

(2530:4)

92



1935 (Brownell 1935  69)

< V

3
(National Assessments for Educational Progress - NAEP) 1905
, ; (Carpenter
and Others 1983  652-659)

(Suydam 1902  55-60)

(Cain Carry and Lamb 1906)

(Basic Skills Approach)

' (Diagnostician) (Prescriptor)

(Concept.ua 1 Mathematics
Approach) (Concepts) !
(generalization)
(relationships)



(generalize) X

(Skemp 1978  9-15)

1. :

(rules without reasons)

o }
: (Cognitive map)

2. (Relational Teaching)
I - '

(Copeland 1984)

2 A

1. (Qrganismic Model)

(Cognitive Styles)
(Active Participation)

94

(Instrumental Teaching)

9
S-R (S-R Rehavior)

» (Cognitive map)

«

)
(Carpenter 1980)

(Process - Oriented)
(Integrated)
(Qrganizing)



95

2. (Mechanistic Model)
(Product Orientation) 17
17 17 (Reaction Participation)
(Organizing) (Quantitative
Results)
(Organismic
Analysis)
71
? 3
1. ?
( )
2. (Carrying out an operation)
3. (Validating the solution

(Steffe and Blake 1983 210-213)
(Drill) ! )

Al

(Trafton 1978)
(Computation Skills)



96

5. ' ( Y ' «

6

1. (Oral Work)

I e ] (Namier

Sense Curriculum) ?

"oy 7

& ? o 4



(forma opérations)

(concrete opérations)

(pre operational)

(sensory motor)

---------------- > 2 1) =t > 11 12
( 4 {« *
(assimilation) (accomodation) *| (equilibrium)
(Mental Images) ! !
*| '
?) 2 !
il
I 2-7
1 2 I
7-12 «

I (concrete operations) «

! (relational terms)



Number)
(conservation)
«
12
1
! 17
?

2526 157-161)

’ ’ I ’))
? (Concepts of

?) (reversibility)

[ )
?
(formal operations) A |
- L i
) 3 |
? |
) ) ?)
! )
) 3 |
)
') )
?) ?
77 )
? ) ) )
) (



3.
1.
2,
3
(enactive)
(iconic)
(symhbolic)

« .



&g\
/ %\
\4 )/ 100

Uiy 7
? ) , l 1997
? ”n 17279 ?)
)7 ? n 70
ll 7 )
noon , ? 7 0M
7T M 7
) ml "l 9] 2 ?
) ) ) / 7 )
? ? 2 ?
/719 ? ? 7
29l ? ?
? ) i
7 7 (Conceptual Structures) Schema
? 79 i
? ) 7 ]l ) )
l ? 2 )P
7N m? 2
77 | 29
% 727290 9
? 7 (Hierarchy of
Steps)  ? 7? 79 ? (Subtasks)
? ? "M (Targettasks) ? ?)
? N 2 ? 7 Hierarchy of Steps
3 )
1. 77 (A Set of Broad Goals)
2. ? (A Teaching-Learning Sequences)
3. ? ? (A Sequences of Subtasks for

a Topic)
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(Oreeno 1991  199) "
(Conceptual Environnait) !
" (Cognition and learning)

1- i » L fl (I ormation
Cognitive Theories of Processing System)

) L Aill
(Processing)
(Lefrancois 1988: 57) n

f ) | L))

(Basic Information Processing Model) ! 2
(Model of Human Memory) S

LAl
(Atkinson and shiffin 1968 cited by Lefrancois
1988  57-58) (Human Information
Processor) 3
1. (Sensory  Memory M)
) )

) '



102

(Iconic or Echonic Memory)
2. . ; (Short-Term Memory STM)

o I ; o

(Working Memory)

3. . (Long-Term Memory LTM)
] ; ! 1
I ;
1 3
M ST™M LTM
(Echonic) ]
(Iconic) -
20
1
(Unconscious - (Immediate - !
Impression) Conciousness) A !



103

(Murdock 1974 cited by Houston 1976:273-274)

3
3 (Encoding) 7 }
' * } -
(Code) d
(Storage) } « } )
(Retrieval)
} 1 1
« 3
m-ninj@ SM > STM C LTM
gl . AfEny
Al Al Al
6 « « « )
2 4 (Sensory
Memory) ] | }

(Primary Memory)



104

(Rroadbent 19R3 cited by Kintsch 1970  140-147)

1! 15-20
H T
(Secondary Memory) I, !
[ I
)
) (Cognitive Models of Long-Term
Memory)
(Koffka 1935)
!l
(Nonassociationistic) I ' 1
!
(Associdtionistic)
«
! " !
I (Location)
! ! (Content)
|
) | ]-I“ 1 ’ 1 C 2 ]'

(Contiguity)



(Nodes)
(Networks)
System)

Node

(Networks)
Memory)

(Schemata)
(Categories)

Node
?
Node
(Schema)

! (Nodes)
(Branford 1979)

105

, h
(Traines)
(Coding

(frame)
(Organization  of

[ .
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Y
ATRe:
WL

LA

ATad

Vv
I3
Uninasg 0
't
LWL Wag nasin
¢ ¢ %
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A

4
LATaNG

a 4
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‘\d LY ' g 1 ' -~
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A UIUa @

3 Node (Frame or Node Theory)

Node

Node

' Node ' Node



71 « ?

77 «

? ift 7 {? «?
2536 72

] (Moiaoogniiion)

«

?) ?
? {m
?
N {1 !
? «
AN
] (2538 104-105)
7 « ? )7 )
{1

{1 « 1

(Meiamemory)

?

{1



(rlave 11

N

« | !

(Slot) !
(Attentiona.l

R

B A, (Information Processing Capacity)
1985 99-103)
17
« ')
?
?)
(Structural Capacity) mi
7 «
Energy)

(Functional Capacity) !

«

—_—
—_

«

« 4 »

(Sieglar 1986: 65) Control Features

?

« «

«

«

(Siegler 1986: 5) ?)

(rehearsal) ' S

) It )

drama inherent

«
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(Control Process)

' (Atkinson and
shiffrin 1968 cited by siegler 1986: 65) "

(Cooperative Learning)

(Thornton and tucker 1989  18)

(Slavin 1983 3) (Cooperation)
4
1 (Cooperative Behavior)



110

2 «
Im
2. (Cooperative incentive
structure) /
3. (Cooperative task structures)
4. (Cooperative Motives)

(Husen and Postlethwaite 1994  1095)

W ., ' J n 1 A ?( l

2. (Basic Elements of
Coopérative Learning)

' (Johnson and others 1984 cited by Davidson
1990: 105-107) ' ! 5
I



1. (Positive Interdependence)
? ' «
77 ?
2. ! : t (Face to Face Interact,ion)
? mii 77 !
$
" ? N
"9 ? "l
3. tf (Individual Accountability) ?
?
(
4 (Interpersonal and

Small Group skills) ?
!

5. (Group Processing)



2
1.
2, l
3.
4,
D.
3
1 Ul
2 2
3 d?)
for Success)
I' ? )
? ?
10
))

(Slavin, 1983)

112

79 I

A1) ) 79

N
N

? ?

(Team Rewards)
(Individual Accountability)

? (Equal to Opportunity
A7
1) )
) I il
) I
il ? N
) ? ]
i n no
)
? ( lavin 1983:32-33)
710 ? (A i
)
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3. (Cooperative Learning Methods)
. 1920 « ) A
1K « ?
fow90 0 ¢ T3 T ’ I
) ? .
1990 ' ' ! 71 N
| .
L. (Student Tenm Leaning)
i )\ 9 ! ') m )
I 2 )M )
! ? 1)
? ) 7 m ?
SN ? 1) ]
) 2 )
| noo
i
N 20 7,7
2 N 7 STAD (Students
Teams - Achievment Divisions) TGT (Teams - Games - Tournament)
TAl (Team Assisted. Individualization) 3

6 CIRC (Cooperative Integrated. Read.inga.nd. Composition)
1. ) 3 5
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1.1 STAT) (St.udent. Teams - Achievement.
Division) - it 4T
)
)h
(Quiz) 7 )
1
)!
)!
(Quiz)
3-5
)
N
1.2 TGT (Teams - Games - Tournaments)
) L)' (De Vries
and Slavin 1978  12,28-38) ) )]
STAD )! (quiz)
3 ) ) )

) STAD



1.3 } TAl (Team Assisted Individualizatit

(TAI) (Slavin et.al 1983: 271)  ? I*9 FIA) - TOT
4 ) , ;!
STAD TGT '
TAI STAI)
TGT TAI )
3 6 (
)
TAI ?
?
? ?
! 77
! ) 7
4 |GECRR, 1 , D " 9 L @
)
? ? )
? ?
) ?
" ? ) ?) 4y
+ ? ' )
1.4 ) CIRC (Cooperative Integrated. Readin
and Composition) ? ?) ) ) )
? , ) (Stevens et al. 1987
433) CIRC ) , ) ?
? ) 7 ,

?) ? 1Y)



"1 «
«
CIRC
! «
(quiz)
tf
«
1-
! « dander and Pi
!
(Solution) ~

(Bruectaier 1987: 301)
In

(De Va.lt 1981 40-43)

! 1«

«

«

«

«

ry 1983

«

228-229)

HR

»
«

«
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(Kennedy 1984 82) 79 ) 70

(2532 118) T ( )

1 ? }
(Directed. Thinking)

1 |
/ 21
1]
2.
?1 } J }?
) 11 271 21 2 }
N ?
(Polya 1957 5-40) ?1 ! ? 1} ?
1 ! 2
} 2 } 21
} } ?) } ?



38

A woDd

© N o O

(Yeotis and Host.icka 1980

(Polya 1957  225)
{!

901)
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(Flexibility)

(William 19B9 quaoted in Chancellor 1991: 49)

i) ) )1
(Page amd t.homas 1978 13(5)
' (2527 133)
«
?
«{ I 5
(2534 10)
(2536 130) ‘e
" ! /
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2 8 '
2
1. (Spontaneous Flexibility)
2. (Adaptive Flexibility)
-Jo™*, 7 95 . .
'] (
2534 10)
3.
(Torrance 1974 cited by Lefrancois 1989 227)
??)
? ?
. ?
1 | 2!
? ?] 1
( 2534 51)
?!
? ? 71 ? 22 ?? 7] 1



/ (Field Dependence / Field Independence)
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