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A Study of Grade Eight Students' Concepts on Pythagorean Theorem and
Problem-Solving Process in Two Problem Representations

Abstract

The aim of this study is to analyze students mathematics concepts in solving
Pythagorean Theorem problems presented in two different representations (word
problems and word problems with diagrams). The investigators employed the
mathematics competence indicators in Grade 1-9 Integrated Curriculum in developing
such problems. In analyzing data, the investigator used Schoenfeld’s method in
depicting their problem-solving processes, with attention to students sequence and
difference in time consumption. Four eight grade students with good competence in
mathematics and expressions from a secondary school were selected as research
subjects. Problems related to Pythagorean Theorem were divided into three types:
Shape, Area, and Number. Data were collected using thinking aloud method and
semi-structured interview, and triangulation was further applied in protocol analysis.

The research results revealed 3 findings: (1) For the “Shape’ type problems,
students’ problem-solving concepts varied with different problem representation. For
the “Area” and “Number” types of problems (without diagram), students were
required to use their geometric concept when processing word problems.  Students’
use of problem-solving concepts would not significantly vary with problem
representation types. However, students' use of problem-solving methods would
affect the types and priorities of concepts used. Generally, the types of mathematics
concepts could be made up by the frequency of concepts used, and more types of
problem-solving concepts would be used for word problems representation than for
word problems with diagrams representation. (2) In terms of the time consumed in the
first three problem-solving stages of Schoenfeld, the time required to solve word
problems was 1.6 times of that required to solve word problems with diagrams. In
terms of the total time consumed, the time required to solve word problems was 1.25
times of that required to solve word problems with diagrams. In the problem-solving
stages, students needed to explore the problem first when dealing with word problems
before they could go on to solve the problem, and such repetition was more frequent
when they dealt with word problems. (3) For both type of problem representations,
there is a higher number of correctly-answered problems. Thisfinding indicated that
a higher frequency of problem-solving concepts and less repetition in the
problem-solving stage were required; and vice versa.

As to the sequence of Pythagorean Theorem concepts to be taught, the
investigator suggest teachers to start with the concept of area filling in the “Shape’
type of problems to derive Pythagorean Theorem, and further apply the formula to



solving “Number” problems. After students have acquired basic competency in
“Shape” and “Number” Pythagorean Theorem problems, teachers could explain and
introduce this theorem from the perspective of “Area’. Finally, in problem posing,
teachers were also advised to apply various contexts, covering all kinds of
representations of problems that enhance students utilization of mathematics
concepts; and to cater for various needs of students.

Keywords: Pythagorean Theorem; Representation; Shape, Number, and Area.



Fle&

57~ S 1
B B PIRATRIER e 1
B HT PTALE TfSeeeess st 4
SYZA  GFIE e 5
S B 5

BUZ Fi BB o 7
Y- A OERIRREIIT S e 7
YR BRI e 9
ST B BPEREE | pUR BRI Tpr,l» .................................... 19
AT ALY ﬁ‘%?&ﬁmj‘u ............................................. 29

SIS F A EEEREE oo 35
B B TR e 35
5y A - VPP O AT TITIRTOITR FPPRTIRY 36
BYZ AT TR Sl 37
SIPMAN  ERRITUER B ST coovesmsses e 41
BYZOAT  BTRCPIH e 43

BUPAFE FORHEESEREL o 46

5~ W@$§&f%J\f@%J\fﬁgf@ﬁ@ﬁm&%

BV A BT S A R [ R R R i

9= AT PRV TS Schoenfeld B 4 ¥ 3 AT e 113



5T gﬁ ;:L[:[FFU ..................................................................... 118

;‘j gﬂ‘ ﬁg% ........................................................................ 122
2YY @

- HR{/ ﬁ[g[]} ........................................................................ 129

- ‘%1:1/%[57'} ........................................................................ 132

ISR -1 By SR (A oo 137
Mk -2 gﬁ S sy N L SRR - SO 141
fffsf= -1 %E[%:;{;%ETE [ %[1{/ %‘E) ................................................... 143

BT 2 TERMEE! (L) e 145
B -1 T2SREN L (IRF) oo 146
PRS2 ToSREHEI L (L) e 149
WA 3 T2SREI2 (JRF) oo 151
BRHRS 4 ToSREEI D (L) coveereeereeeeee e 154
AR TEAH woevereseees s s 156



% 2-1-1
< 2-2-1
#2-2-2
e 2-3-1
* 331
< 3-3-2
. 3-3-3
F 3-5-1
% 4-1-1
< 4-2-1
*4-2-2
F.4-2-3
F4-2-4
. 4-3-1
*.4-3-)
#.4-3-3

* 4-3-4

% 5-1-1

% 5-1-2

S B OB £ T BRI R o 9
Schoenfeld Eﬁﬁﬁgﬁgbﬁlfﬁf HEEThe oeveeeemmmemmmemneenneenenenees 14
FREFHZ ) Fhrerreveserssee e 18
VAR ARV B 26
TR AT heressemomsenss s 38
[V SR [Fherrssoeresses s 39
Bl o’ SR 41
PRI Fervevvssersss s 45
P 5 2 G AR [ R (RS E T e iR 7T
s 58 5% < SR (R R AR TR jIEHJ{ 53 ffjeeeeseneenenennnns 109
P 9% b R [ R R RO R IS e 110
U 52 < R [ R TR RS ST A e 111
U1 b S 1 B o R e eee e 112
e 58 R P A R TR 5 B RY E—ngjr;g,(% ............ 113
= REIREE I R A RS e ?\ HREEI R [ Fher oo e 114
= PRI R P A TR R RO R A e 115
= ORERIREE N R E VA SRR P A WEFEB ESCES ﬁa'm RERFYRA
116
= @ﬂwﬁﬁ[’TMi@@ﬁ%%%WBW%@ﬂW@FQW
BTSRRIt 117
T [l B S, W B AR TR 255 o R [ sy
.................................................................................... 117

-VI -



Al 2-2-1

QEQ‘ 2-2-2

q‘éﬂ‘ 2-3-1

Al 2-3-2

A1 2-4-1

Al 2-4-2

A1 2-4-3

A1 2-4-4

A1 4-2-1-(1)
A1 4-2-1-2)
A1 4-2-21)
A1 4-2-2-2)
A1 4-2-3-(1)
A1 4-2-3-2)
[l 4-2-4-1)
A1 4-2-4-2)
A1 4-2-5(1)
A1 4-2-5-2)
A1 4-2-6-(1)
A1 4-2-6-2)
A1 4-2-7-(1)
A1 4-2-7-2)
[ 4-2-81)
A1 4-2-8-2)

qgﬁlE %

Schoenfeld o/ SRR FLABLA S +++eeveveessssnsssssnisisisisiiis 15
GlassZHolyoakhfHREHEHIIE -+ovveoveeeemssomssemsesce 17
Lesh, Post=*Behr#« r‘,é?fﬁ [ q%[' ............................................... 23
Lesh, R., Landau, M.=*Hamilton, EBAEGEFAE <oooeeeeeemeemeeeeeeeee .24
BIBIEIESEL covvrevvrvvrons 00030
il BRI o 31
B IR B oo, 31
SIPTALTRISIRRIF R oo v eereeeemteenint ettt 33
[ LR T H e 81
e A Rl e R P P I 8]
] %ﬁjfﬁw FRERETIFE  oveerereeeesns )
] Sy q%ﬂl:y FERRREVRFH  oeeeessssensssn s )
P TSI T e 84
YR SRR oo 84
| P ASEHEEY P RERERTE oo 85
| IS EEEER Y R oo 85
| AT S RERRETTE oo 86
= ] IR il PSRRI 87
P PSR T RERRERTE e 88
T g e RIS 38
] ﬂ?;[j, FREGERETFE  ovveeer e 89
qgﬂl:y FEFREVRFH oo 90

[T S T e 91
1T PR R oo oo 9]

-VII -



A1 4-2-9(1)

A1 4-2-9-2)

A1 4-2-10-(1)
Al 4-2-10-2)
Al 4-2-11-(1)
Al 4-2-11-2)
Al 4-2-12-(1)
Al 4-2-12-2)
A1 4-2-13-(1)
Al 4-2-13-2)
Al 4-2-14-(1)
Al 4-2-14-2)
[l 4-2-15-(1)
Al 4-2-15-2)
A1 4-2-16-(1)
Al 4-2-16-2)
[l 4-2-17-(1)
Al 4-2-17-2)
! 4-2-18-(1)
Al 4-2-18-2)
A1 4-2-19-(1)
Al 4-2-19-2)
A1 4-2-20-(1)

q*i‘q\‘ 4-2-20-(2)
[ﬁ‘ 5-2-1

,J~ E’ﬁl ;'&L?E@g@ 3»@@@@@@ ............................................. 92

| IS BRI ERFEIIFH - oooeveoeoeem e 9
PR PR oo 93
1 TR R oo voveemmeee o 04
[ LSRRI e 05
450 LSRR R oo eoveeeveoeen e 05
] igﬁ;p%j, P REHRREREFE v 96
T igwa?;[ I FERETIA oo oo 96
AR S R o 08
T35 IR PR+ ooeoveeeeee e 08
PSR S REREIFR oo 99
| Y SESEBER Y R oo oo 99
AR Y I REERER oo 100
TG FERREA oo 100
IS Y PR oo 102
| TURLSPB R R o oooemeemreeeeemee 100
'J‘?Ffi‘?ﬁbi’?ﬁ’ PRRRRERFE oovoveervers 103
o] 3@*% I FEEETIA «ooveeeenemsemse s 104
IR ST A ERRERFR e 105
T SIS R ooveveeeseemseem e 105
| I RSB PRI oo 106
| T S TEBER L RFEIIFL - oveeereemeeemn e 107
IR Y AR oo 108
| TG Y IR oooveveoeem e 108
o R B R TRl 126

- VIII -



- fh

ARG Z a7 ST TR FWUE SRR s
I:( ‘—IL-TFIEFJ[LA I/TFJIF}[L‘E{}J@‘P?E IF[J > I 73/—%-]'—\—“[‘ I—T [H FF?E —L%l)h@r—\, ] K
TERRERRA ) TR

A PR

(TR RREOEP S EP oAt -+ EURLEREP AR (problem solving )
f TP R W T O E ! - 1977 F SRS (National Council of
Supervisors of Mathematics, NCSM) fit1t " ifejgihl 5 Fﬁﬁﬁaﬂﬁ fel 2RI SBIFs
fijfes 7 (National Council of Teachers of Mathematics » NCTM » 1980) ;rF[L N
S PRLEPRLEPEP P IVETRIT > 1989 & NCTM i H LSO 1S3 - b e
FlipvEy— FdER TSR | (Mathematics as problem solving ) » NCTM (2000)
T < BRI RIFEE > R TR A A T TR S
FIFIOSe o » 2Tk AR PR E S pOREIT 5 2 2 1991
1995 ~2000 & Fir 2 7 AUFAARTE I TGRSRV ETRGY ~ (NCTM > 2000) ©
YR - TSI BrEPS PPV EE E R - £ TS R TR
Bk e TR R AR R U R R ] S E)
FIPANINIRE » 2o SR A [as«wzr?\ﬁmmuaf@uﬁ%w L
FEETY - RGHEURHPIE TH R S R R R T
=g e MRS e 1 > [ DI Sh RSP 2 [IORERETRS 0 RS S R

Ll

LT S OB AV ulj FIR FREOSER » I HRRL T FLE)
(5P 2 e S (R RIVRRR] - R RS 7 95



(Krutetskii » 1976) > =il & "] ﬁr%’i L% (protocol) 5Tk » i~ H70 gesp
e SRR P SRS IR B (diagnostic ) 27 (prescriptive )
FFRIED (Marshall & Smith » 1987) « [NIF » RSP H HFHEVIRE] » RLES 2D
] e AR TGO (PR 1998) « AR iR
[ P A SR R FOSTIRRA ~ 0 £ T D
[HREFH W RIS IR S BRSSP
YR L AT TR I - B () (2000) D RS R

HeEPROR TSR S S TR = Lave (1992) RUBEES RIS H 4 4
PRI RS o e A A FERPERT S0 RS SR W
R TSR TR e BERLARE 1 T R A 1T T
It P FEEF RSP AR (Marshall » 1987) < EIi T BTIBEEFR
FRIFL > 0 0 TR [ RERL TR e RS - SRy > By 3
BRSPS s P T R BL - ) S S R - RO
(Vasquez » 1982) = BHFY & REFALAESEFARF] 0102 HIFSIO T © R
(Cummins » 1991) « 52 fotfepic ™ IR B= o= T R- 100 9 - b o w il
i (comprehension ) HHIFEE#R ( problem solving ) fiUi {8 (Kintsch & Greeno,
1985) « Lewis == Mayer (1987) it g5 FRERL- 7o 1 il Iiﬂ%ﬁér@ﬂiw
OREE] > BREPEPR T @ AR TR e iy PR 1 52 B R
E{SR MR o SRR S BT o HL T SR e S R
[ T (VI (2004) PIRILH > SEH A S SRR e

EE TS N [ S T S
L5 o [N IERE S & RO THIERYRE ) 2RI R - RS
iU S EE

Kaput (1985) @2k » A BOIM T MR A A HL VR e (1) DR sl
SRAH S BT (2) IR S S RS R e A R
13 G R EP ST PR RS R = J R A B R A B

2

U (RS

M



[P P TR 1150 e IR - )7 T il B
[S592  FF FWW%&WF$§%¢3@WWE@%FU@EE%@Wﬂ
PR e Paivio (1991) HT TR (dual-code theory) s FHREI= 9%
%ﬁww%%w(m@mw)7%w“w(wmd)wﬁﬁﬁﬁﬁﬁ* s
PR R P PO HITER L =3 2 fig o PRPE TR GRL * R R Y
RO o (IR AP PP P B L - U ~ AR~ T RV
A UE - FS © Lesh 3~ % (1987) 7l » T Cploture) 2185
e Cimages ) = ) fj= P95 B = i3 B0 JUTRC T JRIZDEP 2 e
RO KL B pPREEORA R (Mayer > 1985) « BIP 919 7 DFiehLr ) 1 il
I BO R IR > b AR (R 0 1995 5 ARSI 1997 5
Moyer, Sowder, Threadgill-Sowder&Moyer ,1984 + Sowder & Sowder, 1982) « & ¥
L 5D PP URLEE 2 T [ R A R T S (R
FLIJ 50t SEPCRCER G » 8 DE SEEH 150 A - BT 0SS S AU
ORI ﬁaﬁpﬁb% *RFET R PR R B e
@mmﬂwaﬂéiw%uwv PRI P T S T SRR
RLY PP g R R mﬁ@bﬁw4ﬁwmﬁﬁaFwW¥?Wﬁ
FEITI o b S BRI 0 R RS 5 o ORI 2 b - 5
+EHTY Egbqgﬂ:@ REpzELi: i yp R i ,quﬂl fggm Y SR 2
ﬁ%%ﬁ%w%ﬁ“w%wbﬁﬁﬁ%i O PREE 9 AT D ]
il 2% P B2 PRAHTE SRR BRI AORIRE -
P S 9 T RSSO S AR o [ M B
T TR B USRI S R et B ] AR
Jy%wnw°+ﬂWWw@% VR R S (O SRR
S TN D RO T F PR R SR e PP [ R LT EERS A
RECEAFIVERIE o S B R FREHRD > Fy R R TR
@w@%*%ﬁ*iw%ﬁﬁﬁ{%ﬁﬁawu@@f$%ﬂ—ﬁag@@ﬁ

3

‘l%



T CRLIS AL b (R I IR 9 B R
e b & R 0 U P RS b
4%ywm@ R PSEOEIST Vgt RIS R PO S P T U R RE -
PSSR BV £i2YE (Curriculum and Evaluation Standards for
School Mathematics ) ! " BrZ 5 |f 58 Fﬁ% felE 7 2L, FUFFHEEIF%J
(NCTM > 1989 ) » F5H e 555 ki il (R IR R % s iRl S o
e [ AL SR~ R R T PR WA
R (Leung > 1991) - NI Fy iy ERLGIMEIR & 0 27F80ePiea - RUgf e
= ORI ] R R PO R -

FU PRI AP RV R ] IR A S
AR P b B AR R » oy SR e A SRS B R e PR

RIS T RIVE ™ s Ty [P SR [ R A oS  fs  d
BRI B DRI B Y R -

SV A FE

P~ PR ISR b PSS T 5P B T T [l SR
HREEE Ty R R | W R P~ @Frwﬁ -
T TR 0 e RPERAVE IO
— PRI S T Y [ R gl R T TR

= IR PR B
D PRI S gy RO T S TR R R A



"B, (representation) > Kaput (1987a) RSBEREF Ik B o1 1 (PR
¥ 1 SRS R R SRS P90 T [ o B PRI T RS
FLARREE P RPE A B e S BT T Y R o L R
YA AR Y LRI P PRI e S e
REfO AL > b URLI RS 91 F o e RO -

U

R TRy ﬁ,ﬁtﬂﬁ: 8 PRI Ay IR R
ﬁ'%@@f&ﬁxo’mﬂ“ Y N e - R (PG T S0 ] SRR
JLESS FWRTHIES - B HEERLONATO2 # TR ) - ER LR T
Py T PR T R 5 S T RO e

USSR RO RIS,  FSRPERT - [ AR -

= D
r%@ﬁﬂLﬁﬁﬁﬁﬂ&ﬁﬁﬁﬁﬁ%W@kﬁﬁ’uﬁ%ﬁﬁ%ﬁ%ﬂ

Uty o BT AR ORGP I o 1) B R 3 (Lester

1980) = AP 1 > 74 {745 Schoenfeld (1985) i TR ~ 5347 ~ 5% ~ Fhat »

T R R R B ) R PR T 0 I R R AR

[ R ] -

ST PRI

AR FORLN SR R B S SR A
5 > FEERTEP gy R s ™ | R e H T U A 4

5



YRR ) ztmﬁi%%%% ST SRR R IR
TRy A+ PR R A 9 PR I S < TR -
(=) HEE QR
A ST GURL I S 5ok = FSPRIl A = A 4 B SR IR
OBs 52 IR i S (O AATE B 1 AR ORI o
= T A N T R B S RL ShL APR  E TRIEGR] -
(=) FAmpipuiLg)
AFRAHRRVRFE R ERERLT R R Y I AV BE © Moyer ¥
b (1984) EHEETEOA B 050 KRR RE ~ HIRARA=S L AR o PR R B
FOREE Pl i R g B [ ORI [ RE P R RE R - PP iR
R R IRE A BRSSP
[PAARCE L H PRI A B (AR RO R R
fﬂjﬁ[ %EU?IZI{’JDJ‘J FRee o
(=) Pk puif
FPHAR B LG AR PRI P AT E A B - e
SEFE L iy RGP | i A o SR I ARAE R M | Schoenteld (1985)
pe TEERE ~ AT %«ﬁé]‘ SRR BT~ B SR A R B 5 R R R o BE
{f Schoenfeld S PRl EAFRHAVIRIE » 1 ATTRLS PRAVIR (BRI E -
e B AR R 1 RS PSTRERL SO S FEI > PP T R T
PRI - F R F PR G 5T ERORES e pISE » PER A PARL T IR - PR
ORI g B iAo BEIR )R A ISR S (B - 3R
SRLAPIAS - T F R R SRR



o VREGH

R HE] 2 PRSI 9 P TR RS 5
FEH T, TR ﬂ@%@ﬁk%ﬁfﬁlféﬁﬁw W HHE P
Fi7 TR SRR el ) - BRSSPV SR R R
B MR R

Sy O] GRS

kL T B Y RLB g - RS PO S DR ER S - TBLe
e el 5;@%’3]&%& PSS & Pt ~ g [ SRR S SR~ Y
RO RS o Rl FERIHRS AV SR (NCTM » 2000) ©

B T — ERVREERRRE E AR @ﬂ‘fﬁ T AR i IR R

T E RS A+ ?IEF%FWEEEJ%?HG‘%%E'J [ A = AR ~ AT~
FoA i O Rk Bk S5 EIFRIORS T GBI O Sl TR (5
JF"}[ > 2003) e

FREIRYURIES Wa&lf‘ﬁiﬁﬁ’* (National Council of Supervisors of Mathematics ,
NCSM > 1977) JUrEF IR 4% T IWABHOE. FPeH s en 5] s o7
T ECERVIRE A -

[ 5" NCSM V9t > & & 2B 9T S L e~ pupLEE > 71971 Brownell (1942)
IS T T = O T 2 LRE R (B AR o
RE 5 208 R s e =L PO BLE (AR g IR 3.8 SRR
g Tl HIE

Polya(1945)r.§it2EJ’J3H|L IERLES Rl 2] [WRLEEGE A~ Tyt Al

FEZIOF U IR E B S (AR 0 RS » S, SR

7



fp .
A9t » Lester (1980) ZrRRysPeRitldy T Pifi- TR - BT
—&Eﬁ*ﬂ'#a%p [t = 4 | P PP O I L » 2
R TR WO LT - RS -
S I Kilpatrick (1985) $7¢1% T | OB HPRLE SR % 1117 % HIRED - e
FOREPE VA ey e PRI = 1 IR BRI APl 2R AR R B
- ~#Miﬁﬁmmﬁzéﬁﬁuﬁﬁﬁaéﬁﬁr;ﬁﬁﬁncw#ﬁﬁ$ 5 AREE
#—P%’@wﬁﬁéﬁﬁﬁw%@mﬁL D 2 TR Py oy
RESEPR - Rl EYrERAES ORI T
B RS SR TRV fiep— WFIFI*JJ
= PR — PRSPV F ¢ 8 (RSP TIRE Y RRL RS Y- R
R S TSI R VR [ R -
I SR A BRSS9 5 BRI 2 P SSRGS RS i

£ o

= R R TE, EE RE  (SRLO S R A PR B
RO T AR *ipwﬁﬁpﬂww*m%}%w
PEP AR LR ¢ RO T
[ Mayer (1992) FIRH5- (HIFRREIOR & 5By 5! €)= FEp B SSRLRL < =15

B E VR B IR B T FRIETRRL P AR | LT R -
B S AR (1991) e KUl B8 P e (RGP IR - i BE T RpvdEcE

fi= ) S G EOR ) AR AR R L) A -

SERLARRE RN 12 GEAI R  (ONEE  BIFR A (1996) IR

W?%W%E?P%Wﬁﬁﬂiﬁ’iﬂﬁ%%%Wﬁﬁﬁﬁwﬁﬁo
SR T 1 SR ST S PR B i TR T R (R 2-1-1)



5 B L

e | iR LRy | FPIERER | segREE | RN
07 =R SR = K| RE .
Brownell ’:lﬂj ‘é‘[ﬁiﬁ A RE S E@;ﬁ
(1942) A aliils]
Polya (1945) EAIRES eI EE
P R
Lester (1980) | Pl i | 12 jI="p FIH At | T Tl
I [J;JH%EJZ}FAT ]g'lfjﬁl%%iﬁ[l%& %Tﬁﬂ#;ug&(r
FHES M=
Kilpatrick HH “",?;‘é_ PyEE Ry B R 2
(1985) - TR BE LR FEE Y B S
Mayer (1992) Sl B Pttt
PSR
FuarR(1991) KBRS | K
HIGH S
P (1996) FIEPE FULRAE e
FIEA
AT Sy E@Ei%@ﬁ 0 YRR T sgpaé T B T

S E ST

KRR fk]ﬂé?

5T A SRR

pli=t U}U}f
AR E’E’%’rﬁ ﬁiﬁ‘“‘\%"fﬁ@ o

- SN
I8 0

=l
[L[I

FIE TR 38 P

7+ 3% Polya (1945) ~ Schoenfeld (1985) ~ Lester (1980)"5% ¥ 5[ ReA 1y

-
— ~ Polya F'f@’?%%gjé@’?fﬁﬁ?“
Polya (1945)fLs fil ¢

LI'JZ@**H UEE > P AR Y B
FEAE | (How to solve it)— [E[ fli o ?JF{%EFEEELJEIEJ [ T e A 55 R
(e fETFE - 1 Eei fL‘ H( understanding the problem) ; 2.EF#[( devising a

9



plan) ; 34 5t carrying out the plan) 4./ Biif ¥ Looking back) °
R R RS
(- Wi -
1. R T i TR IR e ? ) TRt gE (Y T (R
(F2 L TR AR (EFFRL T BL? T SEE 2 7 RLR 2
23~ I 31 i e -
3FPEREERL Y RN (PR S M50
(=R
Py RUE [ERIAIR A TEIRORHGT » SIS ] BB a2
EEER > R ’Ii’%%ﬁ | IRIRE YR =
AR Engpg (IEE S 2 i Eogp L | [P=t 22 porg ! ?
2P E BT TR F AP IRIGERR 2 TR o IR 2
3T HH WY | HE A lﬁ"ﬁmlfp ORI A R ECE I -
4 AR RIS 2 RL A= B0 Ip S s
SN EEEE TR Efﬁﬁlﬁ} # 0 PR e EARIRVIIEE = - i
REAEV I RETE ORI 2 O RLA S5 TR IR O-R (A0 73 2 R v
UG ERLVE R PRERR 2 8 b U= DT - T SR
IR EE] (R 2 o B RTE P I Yo B ? e
TR IR A AR ? YN SRR Rl -
O SR AT TR R LTS 2
6 FREREE [0 7 AP | = VIR TS 2 (M IR R 2 A L
R RO TR B e BEa R 2
(=) #TFEE#
BUTRH R B - R R L - [ R
I 2 e H RS~ W BRRLT R 2
(P [pveg

10



1.Eﬂﬂgﬂf‘:fﬁﬁ?ﬁiﬁ%ﬁﬁwﬂaﬂ'}i}tﬂ:—'P? ?
Eﬁiﬁﬁ =HT ff[ (R L nﬂ][ﬁ'%%\' fifs 2 ﬁ‘»’ﬁzﬂfjlﬁl[ﬁ'ﬁ%\' ik
e TN 2

=~ Lester [IVByER TR
Lester (1980 )"} PERE TRt (PSP i » 2 i+ PR R FERL T Il I
I g - g -
(— ) =TI problem awareness) :
PR B SR R T = R T R A L (I
| RVRE IR < PN 292 3 F RGBS T AR T AR -
TRARLE Y o R A O
7 R VAERR ™ 2 PAERRAOR BRI 2
2. HEGHELE 'EEJTM* M 2 o BRE TR E TAVERIER 2
(=) IR problem comprehension) :
WRERFREE A 58 ISR E I IRER & 7 (making sense out of the
problem ) [ « g TR & (3 Pyl FTES -
1 4BEH( translation ) + A ER] IHIRE AL pu@ LBy SFE e TE S ~
IO -
2.]'| = (intemalization ) * FeRE-# LTV AFREFORELT ST AR - = 2[4 1A

pAA o
ElfVRL - 7 1?; [l PE T Pl "Af RS [ P lIE A< & (an internal
representation of the problem ) » IF=5 ey [ B v — HH R FJZ*’L JiREi

R T ] TR J*apE[*?ﬂﬁ

(=) F"E55P7( goal analysis) :
tj‘jj‘AJﬂ l*‘ I"%F I“]i_f — T‘r » E E_%EI[JT\QT:@_;{Q' E I@ ’ ﬁIJLPﬂg» E [%Fﬁj]ﬁ%
- m S R
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(TR [RGB OTQIEe Res o PP R R SR - 2 (8 )
= FBTRRRORAAT » R 9 BREAS 53 R R TN ET
L E(F= EUE e I Rl ns | iR 2
2iFEIE SR - LS 2
3 AR 7
4. F | TEFIBHIEFI BRI 2
(P4) &2 885 ( plan development)
RHEfvEE EIJ?F PR R e R © R W SR R
ST 5 PR SR E R AR BT « BRI A 5
FVAR A 3 P'Jiﬁl’[ﬁ'ﬁmﬁfj‘ 1552 {ﬁ%?ﬂﬁéﬁﬂﬁﬂ [y pELE |F1 e
SRR IR RIB RS o IR R O SR
LR I P B 7
2. PRI ©
3RL RTAE e RPVHIRE 2
ASFRORT I | R E U 2

(=) FF#% ( plan implementation) :
R E B REEOR R o BTSRRI O A R O R
7P T TR 5 45 SRt « P 1 )
EIMa
LB G T 2
2.5+ p JH‘%{"E[H“ PEPF Vs Tﬁji [E[ H 7 [ﬂ FI ﬂ"ﬁH‘ 9

() AEEF IR ST A *fif( procedures and solution evaluation ) :
PETES I T TR S ) £ P T R
e SR IO o PSR TR o PP T R D
LI SR BT A RIREFOETE 2 RE E - 1% (generalizable) 2
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7. Eﬁﬁ%gﬂm;gaﬁ% T ljﬁygjliﬂ |“jﬁlj !E TRERR 2

=~ Schoenfeld FVByEF i HFEAR
Schoenfeld (1985 AP SERFRIA 1 o & P (i@ © 2
(resources ) ~ FEflCheuristics ) ~ #fl( control ) 5 i 3% belief system ) « P57
AU [P 5 8 o MRS g
L eI E R RS © TR S A
SRV RS SRV PSR RCRVRU Y S TR A
2 FEJURLF RS PR heuristics strategies ){fifFy » HRL™ e i T 5TUE fiy T HEHEE
(IR POREFIE = > JTE e B = foITk | - J“"/F‘J"J’igwj‘“?ﬂ“’?ﬁ F
502t T PR 2 PRFRAPORES » BTTIPR ™ THIE ~ F A~ 5 B
S R
3ARTHIFIRL S £ el & ey > YPMF R &~ N2 B E R A E IR
Bt (ARG S e ATV Jfﬁ%ﬂ R e R PP SRR P
&= Schoenfeld e EAE fIFVEN SRR 0 BISP PO RRRATE (AL .*EJT&E[*
417 R AR R PR BB 1o | SR = R RSP OIRT T R T
OB Y H R 5 0 -
Schoenfeld (L985) £ [ I RIF 1974 kg = 0 50 2 RV LR
Bi 3 SO AT Cepisodes) » 3R 2R ~ FERL S S (50 7S] PR
SRR ES L;ﬁ?ﬁ%ﬁﬁ%mf’j o o PRI E IR IPER Rl
BRI FGReS » A AR AP o s 8 o el R I PR - 1 PR S
%EJ%F R PR 5T G ¢ LR C 2004 5 3R AR ST 6
 [FETES o PURYEREE S R ST B i [ AT St R A e
WO IHIRER =2 DRGSR 2 WAy PPl iieepo i, (4
2-2-1) © P37k Schoenfeld.V A RLABL A Afe e HE [R2-2-1 =
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% 2-2-1 Schoenfeld ./ Eﬂ@ﬁ%@“ﬁﬁ%ﬁﬂ@% ([ Schoenfeld, 1985, p.279~301 )

4 W OR fi’é“lfgﬁ'ﬁlféﬂ
-~ Bl@i(reading) R = RCEHIETE FEFFIS 2 GEFFRLPIRRY 2 5 k4809
pa?

RO : T VESRFENS 2 FVEARE RIS 2 7 R

fa?

RS < AL 7 P R T LY i 2

= s 5 HiCanalysis) PR Y PSR IO AL T P 2
A2 RV S ERL AR R 2

A3 ¢RIV R E IR E 1S

A4t TRFFAIE URE) I'F’T%fd?’ﬁ?

AS ¢ HEEHVEE (AL-A4) I ?

HI

~ P (exploration) E1 : FRRRLHIRERG (2 3 [ 2 o R [ 2
E2: ﬁ’%}*ﬁ?vpfj.’%gmr + (F,JF‘};I%#TFE ? EEEEIOIE 2
E3: & B S 9 B nt,put I;Jpzjgé BRUANE Jﬁ%{/&

9
B4 : R ARV R A 2

i S

(planning-implementation) PI2 : BB E r‘f'JIJ P 7 RLp 'ﬁ”g' Qiﬂ AR
2

PI3 + P2 RL A TR POAERAITE ~ Sl 1E Mkt Tt 2
PI4  $RISERL Iy [MARHE ) kg s 2

PIS - ﬂ?, Tt Enlﬁﬂﬁ&‘?é?%@#?j |'FL|§E$L =2
PI6 : l?“fﬁ[F‘U?Jﬁ?\?ﬂﬁ?ﬁE\'F'(’JEIJ/??W['I'FI’ ?
=i~ B (verification) V1 fﬁﬁﬁﬂ7}é¥?ﬁ$ fj’é"&ﬂ

V2 : :VEEI%A 2%t |J~ ;Hi;pp%:éﬁl?

V3 WTF@w@ I ff 2 b VTR S 2
SR BT 2 R A
R E R R R J?f 3 ?
P O O 2 ST o b
FEPRRYRREINTT 2 TR 5 Ealy 0 RIS 2
T3 RUNF (R VPTRE SV (7R 2 ol i i

—

+ ~ J8F(transition) T

PHIHE 2
T R0 R ) 2 OB PSR
,U\ch;[ ?
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ik

B s
TR
T 1 FHIRE
FIRHIE

[

FIJ EIJF[U,’T} = )
R

i P[ﬁ R
R i
BRIk

&l
iyl

I
1l

i | i

FERRRRE
N g

wa ()

%(L =
ZHEEFE
AR

UL

i
TR
~ A

7

1%

i

=TT

RN iE
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[ﬁ‘ 2-2-1 Schoenfeld .V LS5 (FF1 Schoenfeld ,1985, p110)



P~ Mayer pOBfeSP i s =
Mayer (1992) FfIREFFETHIE IR SR o7 By i e - 5 [l e
ST R SR
(=) [iliE# &4 ( problem representation ) = A[DKfIHIREFY Y = p5 [T gasasy [ fro-
B IR B 5 R
1R problem translation ) * JKf &~ ffi f fY = RIFORH [IEAB L [T o 2R R
o B H [Wﬁ;ﬁ%@ VR PPV (NIRRT iL;‘HpJD—H
IR M SRR [ IIE R 3 By R B i*%ﬁjﬂﬁﬁ\
B
2.filiE%E- £ ( problem integration ) + FRIRERE-E fol ST ELRTTHIREH 1PV Rk AEsb ol
EAR B 0 B REORAEL » A BT S SR schematic
knowledge ) » I/ B4 53 HIREFRIE] -
(=) TiREAe - ACERHIERY = B B i SO » = IR
73,* I 22 B4 solution planning and monitoring ) * 2 ¥ fol - F g
I e VO 7 SR - PR S D AR e -
2. PR = (solution execution ) + AR H I3 ™ IR EFRTFIIL | e o (4
R e ) i T BV GRS [ S R L
b FPEREDEE 1o 5 [ BRI AR AT o (R B - R
0 G IR AR AR 5 0 e D LA« e TR R e - i
ot S B A QA Rl AP TR ™ A 1 <

ﬁ'v
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~+ ~ Glass = Holyoak fiE

Glass == Holyoak (1986) TE['[ (i PR AR e e 2-2-3 > e
5 BT

)
BRI FLMEE > P
R R e o RFTREE)
I
el |
Q) (2) 4)
s (i HEDE B
IR SR e I

f' 2-2-2 FHIREFASES (R Glass = Holyoak, 1986, p367)

AR S (A o R

L Py IR B IR LR TR B {0 R
B )5 1 ORI - 00 8 ERRLIRE A1 5T S -

2 HRFHE | PR LR YA FEE » AP U (means-ends) 19
ST > = Wi WASEURTR o SBP - L A R

3. FIFIHUEIRIE - PN F O I A Bk gy L J:%:]‘E;[ Fh[g:hl FASE S
s g A BT S 50 9 (5 PSR W O concepal
block ) FALFS L2 P REE A L] osstske > et (IREROA o 1 FRE ()
WE 5 1990)

4. BREEHRIORRAAG N R IR RO BT - B R

17



R R AT ErPTRERE RO AR -
“ ~ Lesh #[! Landau (1983) Elfjfg@%@ﬁgx

Lesh A1 Landau (1983) [l gl
- R THIRERET ™

—_

o

FURVEE > FEE
EE TR R o
TR S A S 7 -

3. P IREP RS R O - SRR -

4 HPUTH O |
L sk, K E

%l:l_‘ j\_l:[
i»aFTE FEFT H

J Schoenfeld [+ [ETES 55 2% = }[‘—’]’F,ﬂ

B I R L
S H SRR AR » SR P RIFOP AR - (RS
SR PR O] ) i

R
LR -

A PR,

PERERIYI A (F2-2-2) » EL1F] Schoenfeld fu+ FETRE 55 ﬁjﬁﬁ?},ﬁi‘f,—,ﬁﬂ , ﬁﬁ =0
17 59 2 R ) TR N P4 PIASE 1-Schoenfeld. [ ~ 5

-

Fh

I B AR frOge B 103 ol 0 ORI ) o

ST B (ISR B T S R Y

A 222 EH R L
TRy R
Folya i ] g | ey
Lester SENRE | RRMRE | FURTHT | SR | REEG | A

el

Schoenfeld | & 53T P = i &Lﬂ
Majer | ORI | IAPEET | B piopta et | o
Glass = ﬁé’?ﬁ}ﬂ%ﬁ%%@r ' F[n, S ;l;ﬁ?ﬂﬁJL % $hiT S ﬁgﬁl e
Holyoak J
Lesh = ETITHIE |t i | T T R
Landau A

Fr’fﬁj Irl
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5Y= & BrSPREE pvABES

22H (Gagn'e, 1985 ; Mayer, 1987) §JF B +TF|L [T NI
C %EJ%EE’?‘%??@MEVHQEEI%J%O SR 0 2 PR R A 5T B Y
VTR A B [ =S PRI B S 2 BUSORRER « I 5 4 A
PSRl - A BAAVAA RO - A BRROIBEL - T [FIREE A D o
EE PRI A BRI B A B OB -

~  RERVES

IO 5y i B AR AV 68 T [ o PSS TRBE (representation) fiURES:
T (I b o i AP o 1R G [ A S
I

eI SRHTE (1989) T ABORLEL | T[RRI BT 97
PR APV » @O RSP PR RSB N R S )
~ R I R AR -

FEEEF [ Lesh, Post = Behr (1987 ) Hap) ~ IHIRHERHRAY £ - fili T &
BT R RS (A P R - IR0 ~ R R Y A S
[+ SRR [ SO ST L AR - X BT
(NCTM, 2000) = 3=EEF Bhl- PRGBS 20 (8RS (PR g
VRN o Kaput (1987a) @ERRREERHHIPVAA B o1 R [ TRATF 1S o
(TR TR 9 [

IR AR R PP SRR S AR R
= PR ORIV R E RS > SR o BRI TR RO

SRS EIOERR AL RO S R RO R 5 AT
o T A AR D 0 TR R S R RIORER
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E'ETIN‘,’J» Lﬁ]iﬁ%ﬁfjiﬁ]{% ( ﬁ( j:[ , 1994) [ﬁ'\[[l—ua’;‘%j WIyIFﬂF AN EF‘: ir;
j‘Ea[ }BF’:;’%E‘JQ%'EC]}?J[ b%l%ﬁmégj[* Er, EE! [jF ﬁéﬂbﬁﬁ‘ F[J]‘DH g
FEHH T IR -

T AR

PSR ORI 2 S BIHRE 6 DRRIPORPR 2 T spfos
fi s OPIFED 1994) - e Brapss b W R Bt - e e
TEFHRVIFIEDZ 51 o TR AR ST RPN [ E R R T ST R
VB I e R A B AR
(=) ff- DR FOmiRl

Bruner (1966) FMH& el 42O Bk o3 5 = FEE4> STH)[IES
1. p{Efenactive) R B+ AR E(HIGE > T (BRI 5 T S5l S
TR RHEREGH TP G L WA R R R -
2. [Pl Geonic) A By : RLIRH] Tofif ) (image) “#iEAES - #1510 AL
[EEEARTIRN wﬂ}lflwzp [ o SERNHFIRLE |-~ IR EVTR] - &5 [ g -
AU 207 IR ENR e & S ﬁ‘%%&'ir'fgu’ °
3. FBERY(symbolic) B+ RLIFH S BEE.  BHTHEETRIRL - [
T o PRl R IEORI . S R R T
o R LI PRSP RTEEPIES [V - TR R SR - (T

V84 2x

Bruner (1966) F2HGHITIfinb = (ABHRNAR) FH {17 R
A ALY | ARG PTG b3 B R 1S PR i T AR
TP RO AT Y o fig o F APV PR G AR [
B 0 PR Rl - AR E R T I%F’“j:ﬁdmli R IEURTE T B R
o TR IR R A PURGS SRR SRR RN T F 9t

X
If
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IR TR (LGl g A B L S5 R 1 et R iy ORpg A1
1994) -
(=) fg T AR ) PR
Kaput (1987a) f gﬁﬂjﬁfgﬁugﬁgﬁ SRTHEP P Bk 53 FL AR

1.%%@%%?5&!3% & (cognitive and perceptual representation) : jfp (I |7 S0 I
SRR AL R TR ORf R R R F s B
2.7R 1% B (explanatory representation) ij[Elﬁyﬁ?ﬁFz[ g S ST
R TN Pt SN
3.BPEP[* | B (representation within mathematics) * 7] B AHEY IR
P AERT RSP — ity e B P - PR R ko
4.9t i FPEA B external symbolic representation )  $i1") 1 [V SRR e A BB
SIS T U S SR ?E"%F‘f@?%@?ﬁﬁ“?”@?ﬁc ’
Kaput# BV TRHH > = P0G - AR R d P 8 TP B 5 S0
LA S TR T SR Folfcril[ﬁ'?%ﬂ%i@?ﬂﬂw—}ﬁ‘iﬁ_ff‘EoFIJ%&%%?
PIRLA = FNF R 4 2 IO B S AR AR THIRERS 3 5003 9

FIRIPTRIZIZE AR ot~ 0091 75 2 B3R > 21 BRI v
(=) & DR POBRT

Lesh¥™ % (1987) I NSV BHE RESRHEPS8 1100 Uspipi € 778 1 [l

Bre TIRIFYH EE%J,%E@:?N% Bl TR YA RE | PUESRL S - RIS
VRS R o B R S AR A S
IREIE| ﬁ*ﬁ( experience-based scripts ) ?FF‘ES" SEH | Jg‘/iﬂ'éf[ [?Hﬁp i AESE

i%

B AT IRE TR R ARRRIHRE < O 5P R R
SRR

2.7 R (manipulative models ) * B3 =! PPV (' o I IBEFBREASS. > 4 - 7]
o A RN AR . Ry oy R R A,
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=Ty =

3.1 i pictures or diagrams ) @ F[|" [FFRERGRIF T > Y1 Beast
g7 gFVﬁir—J SENE

PR
?I'F:' (spoken language ) * 325" F Vi 2 357 uﬁﬁﬁlz_“ ) FesE R Y AR
[ YRR AR SRR
5.[FTWRC written symbols ) * ™ |V EPE? FIBEIS RS - JIRIRFy 0 AT 7R
9 f= A e A V84 - X'
NS HAR B
ERLRD ) -

+ 7 #F@&fhﬁ | [ﬂ f o anerg"ﬂKaputFu
S Jiﬁgﬁj s Bl F‘ IFPEW

I%éﬁ& ?ﬂ?f" ‘;n'j\ ‘d‘:‘?ﬁ%ﬁg[& [’Uj }‘ F"Ej[
bl e S A B R4S 3R
I ﬂJ;“r ELE 1Y 5

ST > Lesh™rafjfivsk
B ERE V> 3897 | R B S [ B AR O BEIRS
7 SR IRl (ECRLARIRI o8 B3 8 S T I P b Bl A VTR B P
fieis > R IRl

/L‘!\ ©

i
R IR B R 1 s

A 3 B

b [ B0 S PR B R RV P L R I Py - 4
e mﬂ% OHIfA! > 1994) - SUPIERIREA B [ BOS - S RIR R

]EIH FIREF 1A= e P‘”%’Tﬂt}ﬁéﬁ%ﬁ'ﬁuir‘#ﬂt Eﬂﬂl'%éif%r Twﬁg(j,J )
EN IR IR d R R S

T YRR S o
0 P

RO A [l (R AR s

e 59 A BRI (i

2T [rjp SR INE N
1992 ; Kaput, 1987a > 1987b)

» 1994 ; Hiebert & Carpenter °
FRL- AR T 2R AT
B0 T R 91 7 A OISR [ SR > B T
T BERL T RIPVAEY o (ARl (RS

g F90°J N
Davis ( 19842y =G J%"‘Fﬁﬂ?[[ﬁ ﬁ'sz » (Rl

ki
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ARG A OEES  — RS SRR A B BEIR  fEE 2 E
S0 Il B ] S5 - Brenner 357 % (1999) @ bbF Bk POl 2005 1
PR > — MR - (A B e b S F[l[a'%f%rf‘ﬂﬁ I RIRVEEE o
H90 > Davis ABrenner & * [UBHELL- A1V > FIY K] 2 ABC=90": FHE-rA# 1
TGS TGRS AB L BC .S B JLot = 7 HDR- (st Bk ey
PR £ ABC=O0" [BEA B~ JiF *ﬁﬂfﬁﬁr o HlRLE FEAE
R RO 5 %50 R SR RL i O P R R T AT
fEL > RLAR S T A - TR [E@Fﬁfﬂ(ﬂﬂﬁ 1990 Lesh & Landau »
1983)

Lesh¥™ % (1987) & F Fl 2 ) K ’f@p%‘E Sk rifa‘”l.E&]ffJUT [ﬂ Ak o kLT

< PR e

APt

QEMZS-I %f‘ﬁfﬁ I’%T’:ﬁ%['(%” F 'Lesh » Post =* Behr, 1987, P34)
i [f2-3- foﬁ' o BRSBTS T R E | VAR - 1Y T
REFS IR TR P f= ) T TIPS 2 s B 2R i R i e i 2 v ek
I [ 5 [ = 0 A (=5 2 B TR Fﬁ#ﬁmﬁ% i
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L

E%ﬁ%

ey

%\‘2—3—2 EeRExEAE (R 'Lesh, Landau & Hamilton, 1983, p271)
Lesh= *~ (1987) = 7ot BV i TIRIFVA B ZO I TG > A I

1R Lo Elﬂﬁli?ﬂl¢$ii oA B R I]FLJ.‘?JEIF TR

TIPS PRSP - -SSP B AGR PV
SEMIRLE N IR Y B [
(=) Pl e i AT P Bk Ve
(=) AT SR BRT P9 S0 RN S, -
(=) Py Mg et f (A B RS R P {3 B At o
[ 1 (1995) *“J?JE"E* T PR T [ i -
S BAIR BRRTEOR B R (RIS TR T A
1= B IR gt oA B
(= ) BB ok > 2 T AP
(=) BRIl B TRV Ral e

(=) FIP| 2R A B AR -
PYGE > #0E = T PE RS BAT RO CHELS - 1980 5 AR - kA
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2003 5 J#i%0 + 1994 5 Brenneret al., 1999; Cramer, Post, & del Mas, 2002; Dreyfus &
Eisenberg, 1996) filif= S £ 1932 M| 2 FipoA B BBV > ) (SR
IS, o BRI Lesh ¥ H F BRI g o - £ (Brenner etal,
1999; Dreyfus & Eisenberg, 1996; Fennell & Rowan, 2001 ) 3&— H/ ?‘F'[E P %‘ 2=
OB GIINIRTY ~ BRIESJRP  ERLFOLRE A S5 R E 2D
OSSR ST ATIIRER B 2R

CIIRNERAE S RSN B 8 (e UM R

i SRR B @ﬁ: GG e AL R T e e i
T RIBOEP AR O /o F RUK B R 7 S A PO IIRE I RIS Wk A
f [a@-[@zﬁ@&ﬂ%@ i3 e ?f?i/w'» LSRN R BA B
EREPER RIB RS 0T S SRS B UL R E SN0 o PR
(1994) L » 7 Rk BT AE BURCMIR RO 37 EL R FTEae > i
JE'E'Eﬁﬁ“;IHfﬁT TR - PP - ) 2SR R
TR -
P4~ T IR E 1 B R

o e B LS RIFSAPR] > O3 T [FIREE | A BB oo » RY2hsp & i
jl T clsri‘ 502 R o ] BRI o SR ERREAUN F At
(Juhani » 1995) © [IFS 4 PFASR A BT BRI B [ (2 37) R BERHE
[P Rk B 9 () RO B R -

[T BERLIE 7 SR B et R OIS R T 1999) - Ejﬁ*ﬂ@t [ﬁ'
SRR S [ D TREVEE S I B RS, RS
feRfi#H (Bishop, 1989 Webb ¥ Sherrill, 1974) ~ fRjfjClement (1981) 7 FHlH!
TR B ) E IR R S0E Y H = RS A Qg
FOPAIEE (3 F IR > 1990) o Ij i PRARLRIER ) 2 T U ) Ry el
i
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(= ) PRI S or = (P[RR 724 T SR o PRI o ey
FEa0 ﬁ pAT 50 55 2 PORRETE E o AV > 0 SR SR G R e
PYEFPIE Ry 5 2 i R e PEOPHES (9=FRT 0 1997) -

(Z )R RMEERG e WV SRR o @ﬁﬁf‘ﬂﬁfiﬁaﬂ%ﬁ?ﬁﬂﬁ'%ﬁ? :
S e I?t‘ IRl 7 s (R o e ™ l[ﬁ'ﬁ:ﬁfﬁlﬁlﬁgﬁ* ’ EI?UEJ%EEEI’?%‘TEIE‘}’
PR E b e e R iﬁiﬁj‘}"}?ﬂﬁi— [ EYR fﬁ@%{ﬁj‘ﬁ”ﬁ bh T
A f = E P Jﬁ‘ﬁﬁ*?“' (Larkin & Simon, 1987 ) -

PITN R A2 e A B B RECEDS  A

F2-3-1 VAR A B

REFE] g it
+ TR LRI + I RS RTRE  [NT
HEE S
AR R O N R L L NI
PR 20 YA

ZEE X F—%ﬂ[’%ﬂ[‘%ﬁ* pY (implicit) °  |EL e

YRS T B 0 AN [k ETQI'%T’:EF[EJ’FE%EW (explicit) -
= [AErF - R~ [REE k BRI
Ul = [ RHTE kL e AT

[RIF=E 559 (Moyer et al., 1984) é”t bl e B B O FH Y %‘0[“ :
LY DEBEE RO (SR 2RI (RIS - T SR A
BEEEIE L 3 IR A QUPERE TR IR > BRI SR T R -

PISH > T SRR R S R R R 2
BV > 98D (ESIRG IR > RIZDER S T Y RO - G H e
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RERVIIRES e &0 RSPV R R TR R T (SRR iR
(Barnett, 1984 5 F & > 1996) > Vi IR A3 pI5 S8 1T AT
HH B [ B AR > PORL S PIERED T IR T IR IO
o R A P AR AR R R 2 T I PSR T AR -
AR F R T R PIRTEEERE 5 (Lesh, Landau &
Hamilton, 1983) = [N 552 i sffl i (73 (097 A ERPE TRV A

B o A P | AR R B LD ?ﬁﬁéﬁﬁl@ﬁﬂ@ °

= '?ﬁtf‘%vfl@ﬁ‘%ﬁ’pﬂ%

TS TR —;ﬂﬁf{ %'7 7] By o fRapehasppu T 2
ISR A py Tt e e By o T o D9 AP [RaE50 4 s
REAYR= 0 > =Tl TR S e T fe ' Freudenthal Institute EI@FEIEB SrE
H > s PHEERS R E 8 (realistic ) FOREE R JHEH) 5 & Py > [N
Py g ‘F::E‘rf[lﬁfﬁkﬁh}?ﬁ] 21 (van den Heuvel-Panhuizen, 1996) - 7 B/["|
SPEE R (1996) T RIS SRR IV Y B REEEEE A
R RN  REE R 9 - RV 1 SR B -
PR b RSP T B RCER Y =R = SR ST AR el 1 -

F e E%%ﬁjﬁﬁfﬁdﬁﬁgﬁf > TR H C o HYrfE b 24
TR Ry =) R SR EEE (ﬂ;,fﬁ » 1990 5 (R &5 > 1992 0 PR
H{> 1997 5 Greeno, 1987 ; Lewis, 1989 ; Sellke » Behr & Voelker, 1991) > pl® JE:‘“FPI
FCIEPE Tl BT v AR AR S FODMES (PR - 1990 ¢ %%

_V'T

> 1991 ;5 Defour-Janvier * Bednarz & Belanger, 1987 )

PPN SBR[l R S 2 R,
2

Sowder = Threadgill- Sowder (1982) I'J262 £,7 & 350 % Eyapgs » s &
FEETICY RS [AEH RERO B o AT SRR T [ PR AR B TR
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1 P B -
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