41

BORI SRS L AR ERNA) o T—av (1)
—— BRI R R R O ——
H F ¥ B

The theory of mathematical problem solving and the rationalistic orientations (1)
An analysis of the theory of mathematical problem solving.
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1.1 BREFEARMERRER & OEEEYE
ForH BRI, RIEBREE TR &
LT (§1.2), it ARIERRG = HEER
BHRICHET D,
IOBRFEEZETALNELT, F. K. Les
ter, Jr. HRBELTIORY

Out of frustration over an inabili-
ty to deal successfully with the prob-
lem solving dilemma, mathematics educ-
ators have turned to psychology for
guidance. ... (p.54)
... problem solving research has been
conducted by experimenters with quite
different positions on the nature of
problem solving. The traditional cog-
nitive-Gestalt approach ... is quite
different from the associative learn-
ing theory approach ... More recently,
especcially within the past fifteen
years, considerable effort has been
devoted to the development of an in-
formation processing approach to the
study of problem solving. The well-
known work of Newell and Simon (1972)
is representative of the information
processing view of the problem solving
process. ...

... very few definitive answers to ‘the
questions concerning the nature of
learning and instruction in mathemati-
cal problem solving are available at

the present time. ... (p.55)
... Dewey’s formal steps®!’ are more

a statement of one type of scientific
method than an accurate description of
how people think. As a result, this
model of the process of solving prob-

lems may describe how students ought
to think, but it does not describe how
students usually do think when they
are solving problems. ... (p.75)
... instead of being a description of
how successful problem solvers think,
his model is a proposal for teaching
students how to solve problems. While
this model may be valuable as a guide
in organizing instruction in problem
solving, it is too gross to be of much
help in identifying potential areas of
difficulty for students or clearly spe-
cifying the mental processes involved
in successful problem solving. ... (p.76)
The primary limitation of each of the
models ... is that they are either pre-
scriptive (... Dewey and Polya®?)) or
only grossly descriptive ...
The prescriptive models suggest tech-
niques to help the student to be a bet-
ter problem solver.
The descriptive models may be more val-
uable in the sense that they identify
phases the student goes through during
problem solving.

The search for [a more detailed and
refined descriptive] model has led to
an investigation of information proces-
sing approaches to problem solving re-
search. ...
The most complete description of infor-
mation processing theory has been pre-
sented by Newell and Simon (1972).
Wickelgren (1974) has attempted to de-
velop an operationalized theory of prob-
lem solving by combining elements of
information processing theory and the
ideas of master teachers like Georg
Polya. (p.77)
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The work of Newell and Simon, and
Wickelgren has led the author to the
model for solving mathematics prob-
s®3) (p.78)

(LLE, Lester, 1978)

lem

In the early 1970s, a primary focus
of mathematical problem-solving re-
search was to isolate key determinants
of problem difficulty. Multiple re-
gression was used to identify sets of
variables that predict probelem-solving
performance. ...

Recently, multiple regression anal-
yses have been replaced by state-space
analysis as a primary approach to
studying task variables. For a large
class of problems, state-space analysis
offers a complete representation of the
algorithmic and logical structure of
the task and also provides a means for
studying the effect of problem struc-
ture on problem-solving behavior. ...

(Lester, 1983, p. 234)

(32 1) Dewey @ “reflective thinking” €7/
(Dewey, 1933, pp. 113, 114):

1. suggestion,

2. intellectualization,

3. hypothesizing,

4. reasoning,

5. testing the hypothesis by action.
(3t 2) Polya ® “problem solving” € 7 /v
(Polya,1957) :

1. understanding the problem,

2. devising a plan,

3. carrying out the plan, and

4. looking back.
(3 3) §83.5, 3.6TH5I M 3 1T\ % Newell
and Simon & Lester DEXBOFELMEE R &,

1.2 ¥¥aMERRR=IERRENT AR
B RER R S, FEREEEH R HIIR
B 2 BFEOMBEICBET L0
Tld% Vv, ZIUIBEEME, MEBREEH K
REVTH B,

FNL b s LT BFENMBRRG %,
(1) RIRERRRAE SR

(2) REIRBRRDRE ST B 5R

(3) RIEM A I E KR (feliR)
NEDNHIFBHZ EHTELED, Z LTI
251,

(1.1) “good problem-solver” N &HHE
(1.2) “RAEmHREES" DIEE

(1.3) RIREMEHLEE I HHI R

DOEEHlIc OV T DERE

DEDFITTCEZLNEZ—HL, ZHFH
12, BAWEBRRRENDEBIZ EL->Tw3 Y

-------

fi R R B RE

....................

ERECLTWBZ /LN Ebhwnwz
DFFETH b,

(1) “BEHER T3k “BIER 05
WEIL 23, “BAER OSVELIZEE
BRICTAERTH LY, AEERN A I~
T—ar T “BNH" BRTIE, “BHIER"
T3 (B RO kb,

(#2) aovba—4F-rialb—ary%oh
ICRIEICB W T 3 BABEARERRE T
i3, MERIEEN2L£<AT 7Y —%bnElL
TEEFBILTI L) 23k, 22 TH
W, MEMERhoEEE, HMERTEE
MO EBIL & 8T, BERRIERRRRIC
BB, [FERIC BN RIRRRE R % R AR
BENTERGR & L CTREDOIT 5,

2 PIEMRRIZER
AETIE, RERRARICNT 2 4B TR
BEOFEZ RN D,
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2.1 FERRBEROITRL ~ L

ZoTCRRENSNE, REBRIEREE LT
FARIBHTHY, FAHVHIZLTEDS,
kS HBEIc L > OEBT L2 TIE R,
—— 1k R (§3) 1% B,

2.2 eEMMERRAE
SEEHNA ) > T — ¥ 3 Y T THOHBER
PBROERIZ, FNVFABENLERISE V)
ZEThHH®,

(3%) EI%,

“1 WK%, BREICER S 172 B property %
b -7z, BEELXR object i2 & - TEART
5%,

2 WMRELBHTRERAL LRIRICERAINSE—
BEgL—n & RHY,

3 M & % > T A KRNI, L—Z2REY
CHEALT, MEFXErLV)HREE
<o
MRLBUENERE Y TRR, FRIICE

DL INBTT DB, —BREL—LEED

toicmar v nid, RLTHELET

27w, L LAEIBIEMICH - TS,

RNV —NEZERL 2 TSR LW

BRICHEITE LW EIEASN, INHD

MBIz ELICENTWS,”

(Winograd and Flores, 1986, pp. 22)

2.3 MEfRRARE
MBREARIE, UTHL ) ZRRATHEMES
ns:

Problem

Posed

!

Awareness
Attained

l

Problem
(%omprehension

Goal
—
Analysis

!

Plan Procedure
>

Development Evaluation

Plan
L——
Implementation

l

Goal No
Attained?

—

J Yes

Is Gaal The No
Solution?

‘JYes

Solution
Evalution
!
Done
(Lester, 1978, p. 82)

2.4 X 2B
RIREARATRIC X S RHBRE2EHDIERS
P, TZ LIS oM, —HICEBLTETW
2 2 s, (£ FBHMNOFEEEFDE
BB ) MEFRREHRICBWTIZ
LURERET LY, (FEATNDERLEL THE
#5352 ENTE L) MERIBRERICE TS,
—CRELRET LN D,

BziE, 2ENEILkEVHELTWBIZ
RKELKXRTHS -

In any kind of cognitive transaction

with the human or nonhuman environment,
a variety of information processing ac-
tivities may go on. Metacognition re-
fers, among otherthings, to the active
monitoring and consequent regulation
and orchestration of these processes in
relation to the cognitive objects or

data on which they bear, usually in the
service of some concrete goal or objec-
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tive. (Flavell, 1976, p. 232)
Goal analysis can be viewed as an at-
tempt to reformulate the problem so
that familiar strategies and techniques
can be used. (Lester, 1978, p. 80)
() * 2 RE*RBET2HAR, D2ENEIHT
5
Procedures and solution evaluation may
be viewed as a process of seeking an-
swers to certain questions as the prob-

lem solver works on a problem.
(Lester, 1978, p. 81)

3 FIRRARRHEHIGR

3.1 MERARROBE
(1) FIBRRREGIRI, ABEERNA Y 2 T —

L arTFTORETH B, Fic, HBEBRIILHE

HOE L 2 T LDOREHRR" ~ BRI

5,

(1.1) zoBEB{LOWT “2>2—% - ¥
Tav—varTORBTHS, (HL, =
NERIZ “FEOERE" THY, FEMIC
B#ETH5,)

(2) RAEMRAERR, “FIE" O & 67 (R)
DTTEwE VI EREE & B,

3) MENEE .

(3.1) MBoZEIZ, Lofflick-TERN
NDAHABRRI O LNBEZETH D, TD
NEIERR DY, RERRERIC L > THORME
2% B, R, MBI Tz “EE O M
&" BB RERD ST FEEL
T “MiE" & MERRERIKET 5 "M
" P, FNEFNERE L THESIN
%,

(3.2) Zfko “ME" nEEiccL T, 2
o "B BerBALTTNE LS

(b, B, FHRMFR & URKFE
BRTH b,
(3.2) “MBNZE" N LoRwEI, AEE
BA )T T— 3 v O—RERENE
Rzl 57

(4)RIE 2z
(4.1) FIEMRIZ, BB —t=F)
DEMEE L THRIRE N5,
(4.2) (FIEBRIIANCEKETDE) LvIiE
£, HEHERO
(1) "—F7=2TE&
(2) #EAKRE
DENELTHERINS,

(5) MR .

(5.1) MIEMBRIZ, BERICRRHVIERTS
—FBRIZNLBERE S »BRIRI N,
ZLTRICSHBRAEINL— W) A
—RXLTHEEINS, BRIERT LIRS
(FEEER) I, “AVTFTT40—" 1L
MEN B,

(5.2) b, {2} 574 o— DR & ZhD
WA 2k, FEOMEICHGT 2ER
PREICBRIINIET B2 RRICENLL Tw(
EWHBRTH B,

(5.3) 25T 4 U—DBRIRHRIBEHEOE
FE L TIRZ b, FIERERD “HIEZEM
DERFE" L L TERARINS,

(5.4) ZOEFEIF, R+TFT4—HBEHE
nNaER%» /—F&L, R+72749—%
SBIREL X T 5 K tree TEHRHEI NS,

6) 27T 4 P—DFE !

(6.1) “MEMRE" Nl Eo#HEICLY, “X
F 2T 4 —nFrE” BRI NE
BEHRThHDLI LIk D,

(6.2)“2 F 7T 4 P—OFAE " DBEIE, “X
FOT4—DERRE, AT T4
C—DRETE" OMEERLRLT,

(6.3) AEFHEHILAYZ T — a3 vIiCHE
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I blE, AT T 4 P—IINLHE L
LTHAESEN 2L CHhEHNEE
propositional attitude & L THEIL TwW»
5Lzl d,

(7) BEBEEHR OIIZAVP—AA T T4
o —RBOBHIORIRE
(7.1) “2}FF54 2—DFR" D&,
“ZFIT 4 P—REOBEHT OME%S
&Y, _
(7.2) “A 2B DWah, APIFT4P—
I3t % “driving force” ¥ L TEAZIN
I EdBHB, LI, BREL
STLDITIF LS\, KB, 4 ZEHD
ERIZAIRRTHDEINDIDT, " A S
RE” DBEARFR LA TT 4 P —DE
AlctizZe &, L7zzdto> TELIZHEIZ “2
FSF 4 v—RE” DERKBOMEL D
2b T TH S,

8) MEMEBAHGRORE(T Iy I Ky 7
)

8.1) R} TF7T 4 P—RENERLBNRE
ERABLDICY, X177 RN
nE% s,

(8.2) Blb, 2774 v—HENZ, HEMHE
Wo7e o6 L TEBINRIEEZLY:
vy,

(8.3) “7mrS5L” O&EHEBREER
T LI, FhU ERET ok B,
R, MERERRIZ, £OREC“EniE"
EWS 7Ty 2Ry 7ZARBEL KITUT
b\, THOEER, “HHIIEZ»TER
boLhITNIE% 6w & v Wittgen-
stein Dz LITEFET B,

32AEE§W%EtLT¢fHEﬂR&#“"

“RIRE AR B ] iz, HIERER—&
wﬁwﬂimm%%ﬁéivtwv%uf%
D, ZTHIEBERNRETH .

ZoRBEY (HREZLDEWwH &I, L

2) WELLOTHLZ LI, BlziE, 2ED

“FIERPRLME” HFAE (Wittgenstein) & it
THZETLHALRICHD !

‘MR on T T — RS, TR
HEOETH B Ltz “HER
WEIN A BRICKEL L 0—AIL,
“RIRBIRL
BT 2132, bbbz T ETEINZ
ELABREVEIICLD I BLC, B
RIMLBER L b

“RIERRREHIRT ORBORKRMEL ZD L
AW T—RTRML LT, UT, HEHR
BRI LA S

3.3 WHRIES X T AORIEMRR

MR 2 “FERMO LORE" #
BIROTICIE, MEEEREERICINT 2 “HFHR
B 2T L7 OER»H D,

AFBAER oAt 5 B S 2 T L DERIE
AV —DERFE D, DEZE, Z
DR A —F - THul—nF TRk
AndZ itk b,

avEa—F-TFur—hb&5iT, “av
Ba—%-23Ialb—33ry" DFEBHIHTL
3, Bit, “EFLEa>Ea—F - 7TalT5
ICEXEL, 27U s FATarEa—FN
FinEfE2 T o608 ) i Rb. FEINBE
YUY, ETVIRBRLERLINSG,

avEa—% -3 Ialb—grilBnTa
YEa—Fi3 ‘RE” L LTHREEELNTY
I richd, (TP L Iab—ar o
E®RIZLZA ) 2NEHIZ, arE2—F-
THruy—hbarba—F-Iab—3
CADBTNEKRIL, “FEOEHE" ThHD,

&4“ﬁE”t“b”w:iﬁ
RIS, CRIRET O & 0T (W)
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DTRROBRE L 5, Hb, UF0LIick
5,

RIEI B4, WEHRNEE & L Tl
T3, DRI NEFRBHERLL, HLOBHE
+ 2, MERRI, OO0 —EOREES
LT BETH 5,

INEENEBEBNA N T —va v
i3, BFICEKRERTH S,

3.5 “ME" X

RIRE & oxtie—El L, 07 ok b “RIET
DONFIE—E ) BRI, DEDLH IR
S (-3

A person is confronted with a problem
when he wants some thing and does not
know immediately what series of actions
he can perform to get it.

(Newell and Simon, 1972, p. 72)

A problem is a task for which:

1. the individual or group confronting
it wants or needs to find a solution ;

2. there is not a readily accessible
procedure that guarantees or complete-
ly determines the solution; and

3. the individual or group must make an
attempt to find a solution.

(Lester, 1983, pp. 231, 232)

A problem is a situation in which an
individual or group is called upon to
perform a task for which there is no
readily accessible algorithm which de-
termines completely the method of solu-
tion. ...

... any reference to a problem or prob-
lem solving refers to a situation in
which previous experiences, knowledge,
and intuition must be coordinated in an

effort to determine an outcome of that

situation for which a proceddure for

determining the outcome is not known.
(Lester, 1978, p. 54)

Z Z T3,
(@) MEFHE> FBICR-TWHNII, £
NRT7RRATELWN
EVnS ZErELBAIN TS, KR,
S (Ebicid) @iTavy (‘HE" ThHs)
HEHIZ, (@i

(b) EFHE> RN TVWT W
TLHNES,

L& L, MEREROA )T T— 3> T
X, G)DBEL@DEHAE L FRRICHIBERIC
AoTw EEd3Nd, L2d->T, OIZERL
@O¥FEE Rae5 b THY, @S5
ENTWBEBIL2AFHLERETLERL
WED

ZITORLEELREL, “CALITEET
REPHFEBLICIZbOPLEW L) Z LNt
HTH5,

EEE, ZoRAEZ, HMEREEAERICBWT
FEWTH 5, s, “BREREIHNT S
“BREDBIENZ D DD ZNDOREDLES/ D
o Tnin” v @R EREOMT) I3,
BOTHIES D L THD, ZOFERIT, “REIZ
MBFERBE 0L THEINLE" L) BR
NERLTHD, ZNORBOTITII,

{know how i “accessible algorithm

which determines completely the meth-
od of solution” THHAI N 3)
WS EBROLH DD B,

L L BB EEHIR OB, “ LA BITE
EFTREPHELICIIbELENV L) Tk
OBHEIDT7 7w 7Ky 72123 NTWA, &Wn
S5LnTHHED F LTI, HERRET
HROBAHTRID—HTH b,

(BE1) (b)i3, MIREMIEE HTZEGER IS 5V TR
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2k b, —EBE, MIERREE IR,
ROBLEND LW REL L “BROBENIZ
HLBEFNDRENE T b > Tniw” K
BADBIT2HRT HIRETH D,

(£2) EB Al T, BBl E2—7I1cA
7y PENBNATHY, HELONEE
BE %48 Tv5,

3.6 MENRZR

MENZEIZ, Lokslick - TENLOHE
ERHFOLLNDBZETH D, ZDOHBRERD,
RIEMEIA&IC L > TOMBETHL®,

¥ic, RIEMEEEIR T @R “RE"
MR RS S ML HFEL LT “M
B CEESBREARICKET S “HIE" P,
FNEFNERHFEEEL L THEINTWDE L
2% 5%,
COTHEEN “HET oElR, “EHEOE
" AOBALLEL I, AL, MER
REERD LI LFEE L THOMBEL “HE"
ELTHESTITSE B PKETLRETH,
SHICIIEBHERYH T, T2, MELH
BRRERICEKFETLINET S “BR" 270
EThH), ZHICRRKFNEREZH T,
HNEERILE L COMBNXE, “HEENMH
H, BIUTHEEOER, INL0WmAIZEHE
FHRMA ) 2T — v a »O—BRHRSADOHEA
AT S v, (FHUS, BT, AEERNL
VI F—3arFNasia=4r—ia  HiF
BIFD “Aye—TNZE" NALERT
»H5b,)

(%) To have a problem implies (at
least) that certain information is
given to the problem solver:
information about what is desired,
under what conditions,
by means of what tools and operations,
starting with what initial imforma-
tion, and

with access to what resources.
The problem solver has an interpreta-
tion of this information —— exactly
that interpretation which lets us label
some part of it as goal, another part
as side conditions, and so on. Conse-
quently, if we provide a representa-
tion for this information (in symbol
structures), and assume that the inter-
pretation of these structures is im-
plicit in the program of the problem
solving IPS, then we have defined a
problem. (Newell and Simon, 1972, p. 73)

[Problem comprehension] involves at
least two sub-stages: translation and
internalization. Translation involves
interpretation of the information the
problem provides into terms which have
meaning for the student. Internaliza-
tion requires that the problem solver
sort out the relevant information and
determine how this information interre-
lates. Most importantly, this stage
results in the formation of some sort
of internal representation of the prob-
lem within the problem solver. This re-
presentation ... furnishes the student
with a means of establishing goals or
priorities for working on the problem.

The accuracy of the problem solver’s

internal representation may increase as

progress is made toward a solution.
(Lester, 1978, p. 79)

3.7 BEREEO LOEE Y L TOMBERR
RIEEMRGIE, BEEEO—E0BESL L TH#

wRans,
(BRI NCKEFT 5) &) BRI,
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H By D
(1) "—F7xT¢&
(2) FIHAIRRE
DEWELTHREINS,

3.8 MRS

“RIEMR" L L CoHBROEEIL, &
RICHT 2 EZROEA—MBNBRKRWELD
FRAT v 7B T HRERICHL To, Bib
ERSOER, 2L TRADSHHEH—TH
b, BRRICEATLER (FREKRR) 1,
“¥% i method” (Newell and Simon,1972) &
0w “—ZFFT 4" LIRS,

9 LT, BEERINNERD EOHKSE
— RN B IRAERDE AT v 72Xt $ 5
RIS, AN TT4 P—HFHRENCEDb- T
W BR—E L TTHREINS,

3.9 MEZEMHRSRE
Newell and Simon, 1972 21312~ T, “MH
BERR" #OFnk ) IcERLTE®,
%¥, “CRAIRE” OBMSLEAT S,
Dz, MENZEFLLT, FA7RENNA

HERIVEREEROBICOCLNE LT

b, CONKIERIE, BEICHWERRE L THFE
LTwd “BEE (R 7T7490-)" 2Edic,
“RE %2R problem space” # RT3, HE
i, BOIIMERBHE TS 7LDT— 25
PHNT 5,
R, HEREZ,
(1) BENEH
(2) BEDFRZIZEIFTTD, A FF7T4—D
BIRBHOBEER (MEZEMTOBTR)
(3) BEICEZETIHRERED S bR LEY
7t DER
PREHRUEAOE TCIT L bNI2BRETHL LT
5, (NIBEEEEEIND,)
Z 95 LT, MESERIHEZEDFNER"
LLTEBRENAIDIIR D, B, (X} T
54 o—0RREANDBER) 1250, 5D

RIS G T 2 ZR KR EICRICHIET 2 KRR
SEL T, LI RRTH B Y,
COERIE, RN TT4 VP EAENLE
Shr/—FEL, RV TFTA BB LT
LK tree TEHEND,

(331) Newell and Simon, 1972 28115 “Ri
BRE oERLTIE, KBRS DT LR
ZEFCENTWDE, 20ERILIE, wEHL
W ki, DLAEEICRERNTH S,
(G£2) Zo&EMHTICIE, H. A. Simon DEE
PEEBH DD !

“ A4 2L OBEREERIT, KEETD,
HEyiarta—23 - 70r7L%2EL)
ETHMBNRADHRT, & ) — A%
B DBERANEBREL T oo vk —
Pr—NEFRELTMRETE2LHLNIC, T
BMZMOBERTH LI 27 (B2 ITHE
N EEMAPCHAE L XV EHR I LY
&) MR EINDILICL D,

(Winograd and Flores, 1986, pp. 33, 34)

3.10 R} 574 P —DFRE

MERRROA ) > T— 2 > TlE, HE
BRFEEIIBEFVIELTCBEANTT 4P —
o CRIER R @D,

¥elz, “2 7T 4 P—0FE T EERED
NELEGTHE I LIk D, ZLT, “bh b
LW/ TERW (3, “HEOWNZLRE 0z
LIETHHAINEZADL D & B ®Y,

“Z+T7T 4 P—DFA" Of&IL, "X+ 7
T4 P—DRERE, “ZATFT 4 P—DEE
B" o8 L2567,

AHEEHRM (Fric, RREEN A>T —
Ya Vi b, RFI T4 —IdREIL
EBLLTIAEING, Blb, A+ 2T 49—
REVELTHRE/ G, TOEREREFL
DOENHBEEZT s, BREL T—
NEIcFrEES NS, 2L T, ®BENEE
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propositional attitude (Cf. Fodor, 1978) & L
TAVTIT4 P—DRBLTNDEZ LT S,

(22 1) The method resides in the prob-

lem solver prior to its evocation to

deal with any individual task. Thus

the method must be fashioned without

specific knowledge of the particular

problem situations it will be called

upon to handle.

(Newell and Simon, 1972, p. 91)

(#2) MERERROA VT T— 3 ¥ T,
PSRRI ERHMOBRETH ), Lo THR
THEE RBERICEKMTEZELTHD, 1T,
HLEECLTOHOFERE (R}FT4V—) »F
B EW)ZETHB, LIz T, BRRTE
2, FOEZCEITICBUAN I T4 V=D
RIMELTHRBAEINDLDICL S,

3.11 2*%—~%

R R ERICN T 5 HEBOBRD T T
i3, “2¥—=" 13 “T—EET ICHIET 2.
(—F, BRIFT—FIMET 2,) “2¥x—="
rid, PREESR B, R7749—) Ot
EEREITHRETHS ZOERICBWT, £
NIZMEEMLBRETIRTFICL> T 5,

3.12 X b 57 4 S—REOBEI D ERATEE
“ZFTT 4 —0BR OB, A7
F 4 —REOKEH" OMEETIERIT,
“XZBE" OBEED, A FTT 4 T—IIH
%% “driving force” ¥ L TEAINS Z &7
»b, LrLIhiz, BERELL2LTLNIZ
b, EBE, X IBHOERIIAIERT
HBEINDBDT, “XFZBM DEAITHI%
2N F 4 —DBEAME ST, LT
ZHUZBIC “R T T4 V—RE" OEREKE
DHBZL1-LTZTTH S,

3.13 MIERRRBEIROEE

2+ 5T 4 v—REOERKBORE L RN

.....

b, 2F5T 4 v—RENE, HEBRBOT
7S A L THBEINRITE L %\
(Newell and Simon ¢ Logical Theorist {% Z
NEFFERAL TV 5, —REDRENHER
¥ LT “heuristics” 1%, Z DL~V
ThrERLEIND, GREICE, RELHTD
FOTCZORBEVFFELNTWE DI TR Y
NG

“ru s " OfEEHERRERCET
ZbiE, AU “EEET kb, B, RHE
B psEIRE, FOMEIC “EEE" Lo T
Sy 2Ry 7AZABL XTI NEES5LV, 2
DEBRIL, “HEIZ L A TERbLL T ITNIEL S
" L\ 5 Wittgenstein d Z X T E FAT
5,

(GF) “[TRgEZR, rMHENn 5] TRENZ
MIzEXLZIDICLDBANT, 22—
g Ta T LAIRRER ), K/ —
FOFMES 525 &% Tea—D R
FAv 7 BFRAVWLIEICE D, BETI
FRFHO—B L o REFEINT, MBITT
LRBAAIITEE 2 — VAT 4 v 7l &
THbNLD,
(Winograd and Flores, 1986, pp. 33, 34)

3.14 “X 2B OFE

“RITBET DT AT TIRERERICEINT
w3, #LTEREROERIL, BiloEL
~NOEBICH D, LrL, “*FBM OB
DBHEIE, ARVATLDIBEFETAZ L
2%, BET 5,

EEE, 2 2R OBEL 53, AIDE
PRREME —— o td, “TAHN AR DER
B AN—p AT L EINE®, Tz
12, RELNVICETIARL W) ZETII,
SLLES 722 TRV, BEr-~vicH
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THERABFLWIZ LTI}, WAL D,

b, AEEROBHRNL ) > T— 3
VICBES e b, “AIDERBERICIZ, BT
Ca—NEEBRICANEIITEIT X7 7 F ¢
PG LZTNEL LT, ZDT—*%T 7
F i, AEERNLES (B8 — “2H
ATFLNRARVATATHE L) EH(E
B) —HEBENL .

EROBHL= b i, WEHZ, —OrE
BHhrThsd, £LT, AEEBHA ) > T—
YarvdDTTIR, BAzr=y MI—D2TZiITN
Ee b2,

ki, “AIRBHMTIIEREROREIC
BYWIHHET 3, “X 78" #MHAT DIz h
nbtiz, EREBOMCHLLEIZ L\,

“RPBH” DT AT TI}, B> “24
THEFZ CHELT GE> 0 24 TER"
30D EIhD, RROBEL ~LICHE
i3 TEML NNV EBAT L, “ 2 9E
72, “AIRBREANEL TR SR
WEWIhITThH5,

L»L, ZHIFERTH B, Z0gERRIC LY,
HERIIHREL T3,

EREICIE, BREICIEZ—DDIA4 7Lk w
— A ZRBIIMET LML A B T
HHUBEITLW L nE e s vt
H5b,

LL “AFBM” DELEALLIIET DY
L, Fhiz->EntyifEbhis LT
Thw .

(1) “X 235" NFEEZLFADDVIEEFHAE LT
IBEbL -  FRUT DRI ‘B 2 FL-F
B LTE) (“AFBH” TlREC 25
BRSSO M

(2) “X ZEBHMBYX" 1Z, “XIRBICHNTL/H
T5X" EFE,

Bz L, “* 7 BMEYHER metacognitive
knowledge” i3, A Z ERRICET 258" L5

U(ifz)°

Lokdy, ZnF)VrT—avid, “A%
R DEBOMELEERL T\, TILUTHIC,
“REIBAT DEBOFEE R EFRT B,

1) —fkiz, “22" oz, 27 nER
RELWHIBEZERICE,

(f2) UToSHE2AERL LD LT 5121,
ZZTRLAHRAFEZ LT U 6w !

“Metacognition” refers to one’s knowl-
edge concerning one’s own cognitive
processes and products or anything re-
lated to them ... (Flavell, 1976)

... the monitoring of a wide variety of
cognitive enterprises occurs through
the actions of and interactions among
four classes of phenomena :

(a) metacognitive knowledge,

(b) metacognitive experiences,

(c) goals (or tasks), and

(d) actions (or strategies).
Metacognitive knowledge is that segment
of your (a child’s, an adult’s) stored
world knowledge that has to do with
people as cognitive creatures and with
their diverse cognitive tasks, goals,
actions, and experiences. ...
Metacognitive experiences are any con-
scious cognitive or affective experi-
ences that accompany and pertain to
any intellectual enterprise. ...

(Flavell, 1979, p. 906)

Metacognitive experiences can have
very important effects on cognitive
goals or tasks, metacognitive knowledge,
and cognitive actions or strategies.

[They can]
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[1] lead you to establish new goals and
to revise or abandon old ones. ...
[2] affect your metacognitive knowledge
base by adding to it, deleting from
it, or revising it. ...
[ 3] activate strategies aimed at either
of two types of goals — cogni-
tive or metacognitive.
(Flavell, 1979, p. 908)

Cognitive strategies are invoked to make
cognitive progress, matacognitive
strategies to monitor it.

(Flavell, 1979, p. 909)

... the monitoring of cognitive enter-
prises proceeds through the actions of
and interactions among

metacognitive knowledge,

matacognitive experiences,

goals/tasks, and

actions/strategies.

(Flavell, 1979, p. 909)

Let us begin at the point where some
self-imposed or externally imposed task
and goal are established. ... your ex-
isting metacognitive knowledge concern-
ing this class of goals leads to the
conscious metacognitive experience that
this goal will be difficult to achieve.
That metacognitive experience, combined
with additional metacognitive experi-
ence, causes you to select and use the
cognitive strategy of asking questions
of knowledgeable other people. Their
answers to your questions trigger addi-
tional metacognitive experiences about
how the endeavor [effort] is faring
[turning out] . These experiences, again

informed and guided by pertinent meta-
cognitive knowledge, instigate the
metacognitive strategies of surveying
all that you have learned to see if it
fits together into a coherent whole, if
it seems plausible and consistent with
your prior knowledge and expectations,
and if it provides an avenue to the
goal. This survey turns up difficulties
on one or more of these points, with
the consequent activation by metacogni-
tive knowledge and experiences of the
same or different cognitive and/or
metacognitive strategies, and so the
interplay continues until the enter-
prise comes to an end.

(Flavell, 1979, p. 909)

3.15 “A SR OMiE
T, “4 58" otE—s, “X
...... %’

B2 T %,

o B zHic, bbbtz BRHER
KR SEOCHE R ICED L 725ER
PHWAZLICT S, ZOBANELRL A
ZET, “AIBHOBEORERRERND LW
DT HIEDNTES,

3.15.1 TAE, T=48E TAE

%3, HEICHT S ITRIEET, TS, E
HEE" N=ZonHT T —%EAT S,
“ONKBESA, M, 12EH5, F ¥
n, TA*RZETLIEFAOER, E=71T74&%
EBRT2BFANES, ERNEZERATIHHANE
ATH b,

Tz pEER, DENL T (BRI ER
T3

(1) MOBERIZE=FFETH 5,
2) —onE=F3EX, YIIMHL, XA Y, X
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vVYIRE=SZETH S,
3 V&N k> TERENBIEFTTNDAD
E=FJETH S,

7, I ELERIC, ERErERT S

ZLT, T&EE O ENL I (BIRINIC) &
£#35:

(DA@%?B@% ETH5

(2 € BIITHRIETHS .

B%\m ﬁﬁﬁ%T%6i

(4) —ODITHFEX, YIIXL, XA Y, Xv

VIATRIETH 5,
(5) ITHREEX L E=FFEY
BFETH 5,
THEEX L EEREY
BTH5b,
7 D=ONc & > TERSNBELFTHN DAL
IRFETH 5,

2L, X<V 39T

(6) 1 3L, X< ViifTd

=

X<V %,
“X B4

2T, XAY, XvVY, X<V,
EFNFR “xpOY7, “xF213Y7,
Y7, “xZ %V LHEG®,

Fl:A={%F>, W2}, M={BE7T5, =%
T3} I={Ft, &KT5} 25, 2&nL&
5 RATHEIEREIND !

)

BETS

i

/R Ae) " P

BET2rOHKTS

ot 5

O HOBET S

%5 ot

BET 5000

%o BEFEBRETS

oz RO

Woaro@- B2 BETS)

ook & xiH)

(K- B 2BETL)HT2ERTS
(K BEF2BETL)ZL2HT
(#HH Zr2FL) BT ERT S
(FHHyZez2HL)ZL2KTH

3.15.2 At (HENEE)
ZIT, ABEFENL YT~ a VIR
Vv, RamrzEES (GENEE) LR—HT 5,
EElr, —Rkic, & (A peFEM
ElicoT 855 p) TEbLENE—H
L,
“Prwnizr(@E®Z2I1
LR,
ZZTi3, PE, fTHRBEAICNTS
“brzlLizafThs”
Ewo EowBIcREL,
[ (b7zLiza&ETH?)
% 1(a) LBEET 2, TN EE (@) DFHRATH B
“(blzLizaBThd)tvwizezl1”
i3, ¥8
“azr®1”
THb,
Bl ATHRE “HKH " LEEEE HET b, &
il
b LIZEKIEBTH D)) T L EFD”
—BENE AL T,

“HO 2L EHGT
3.15.3 “X2BE" OMiE
L EDBMATIZ, “A 7R — 25

s

........

ML CH#BEINIBH—IDEN LI
EFRbLEIND,
Bib, 1T&fEa, T=F5Em, EREEFEI,Jic
L, &mEE
J(@<I)«<m)

ELToBmAR, Tk

I(a)
ELTHREMBD “A53BmM” LIFETND (8
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Zansz),

@ (TREE “HKH, == “BETL, &
HFE ‘U7, TR L, EAtE
“(HH ZERIFUHS) BETDLIILEHK
T5"
ELTCo@EmMAR, EEKE
‘oz L EEFET
LTHBMBD “x ZBM" LMHIND (8
BEaEnz),

3.15.4 “A AR WROME

25 J(a<Dem) T3 “Bal@ 04
yRm" 0BHAIL, J(@<Dem) bbb
JA@)) D & H) IRZFITR->TL £ ) #F&ITL 5,

4 FERREEN R
4.1 “good problem-solver” NDEEEHTE

4.1.1 EROETIC L HBERTE

R E B R 3 T, “good problem-
solver DR AHED, TEL2RHETHIHEATEL
ENTws®,
.j&@uM$ﬁ%m$E%ﬁm&%ﬁu,%
FOWROBEBEN TE DN, BEFNE
AR5,

SEVR/REIZL DBMEHEIL, BSNHEIC
275w, ZORROBEHEIR, WROEF

BEREICHLCHWTWS, I, BEEY
FHmEnsirhEchs,
(38) HIb,

(1) “good problem-solver” [“poor prob-
lem-solver”] & RuAITHELZBEEL,
@2) #oMFoOERE(CBET) 2B LEVHE
LicBWwTHEBL, 2L T
(3) #nE VAL %, “good problem-solver”
[“poor problem-solver”] D& & & EH

%,

4.1.2 “good problem-solver” DEERTE D
B

SENEEIC L DBSBEOFRD B,
BB 2 EIC T2 2 L THH®EY,

L L, MEmEiRIz 5155 “good problem-
solver" DI & HE D B3, RBERIRE £ 1E
BT HEZRNY A 22K,

“# /4% % »* good problem-solver T 7 \»
Ml%, good problem-solver NEETH 5
""" HRIFTT DB 5"

F WO OB ETREICT B Z L TH D ER,
REDIBALD LI REHBOIzHONIREL L
TORIERPAGEAH LD ),

(F1)gEOREEIC L 2BaHEL, B
SEITIE % b e\ hY, BRI 2 RIS T B,
Bt, YXRXDEETHD LE,

“ENDYTHBENDIE, TNHFXTHED

572"
X BBATRRIC K 0%, It “HRESEH
B YIFHENE LD TH B,
(3¢ 2) What are the specific charac-

teristics of successful problem sol-

vers? ... What prerequisite skills,

abilities, etc. and what level of cog-

nitive development must a student have

in order to solve a particular class of

problems? (Lester, 1978, p. 59)
4.1.3 “good problem-solver” DEEME DK

P

“good problem-solver” NE&HREIE, At
554 v—BLURASBMERETIEALS
WCEBEN TS, EBE, X T T4 /4
SRMNEB L L TEAZINZSEL X%
T57 13,

“good problem-solver i3 X %7¢ % Z & #F

TE5%"



BT &9 HOPRRERGR L AEEROA VT -2 a v () 55

EVIEVWELERBETHELNTHY,

“good problem-solver” N E&&EIC % 5 Z & T
iz “good problem-solver” D&+ HET S D
DI >Twd,

LIz, Flavell, 1979, Lester, 1978, Lester,
1983, Garofalo and Lester, 1985 #HTIT 5
NTWBR L TFT4 o—, 2 F7BHm%E, (P2,
FHREEZDOD) EvIT v 7L2bDTHS
A%, ZHbI3EESIZ, “good problem
solver”/ “poor problem solver” D& & & L T,
1z “good problem solver”/ “poor problem
solver” NEEEHETHLDICL>TWB !

- Having a good mathematical background

- Having a good variety of experience with

problems

- Perseverance

- Tolerance for ambiguity

- Positive attitudes

- Resistence to distraction

- Field independence

+ Divergent thinking

« Distinguishing relevant from irrelevant
information

- Quickly and accurately seeing the mathe-
matical structure of a problem

- Generalizing across a wide range of sim-
ilar problems

- Remembering a problem’s formal structure
for a long time

- Knowing that most problems can be solved
in more than one way

- Knowing that many interesting problems
take more than 1 or 2 minutes to solve)

- Knowing that some problems may have more
than one correct answer whereas others
may have no answer, due to insufficient
information

- Realizing the importance of organizing
information

- Willingness to engage in problem solving
+ Doing good mathematical achievement

+ Good visual perception

- Viewing problem solving as a multifacted

complex of processes

- Knowing that many problems allow multi-

ple solution methods

- Choosing approaches to problems

- Avoiding blind alleys

- Allocating problem-solving resources

- Having good skill in organizing informa-

tion

- Good reading ability
- Good spatial ability
- Good verbal and general reasoning abil-

ity

+ Good spatial ability
- Makeing a good combination of the fol-

lowings:

Making a table

Drawing a diagram

Organizing a list of information

Gessing and testing

Trial-and-error

Looking for a pattern

Looking for an inductive argument if
there is an integer parameter

Systematizing

Inference

Using and/or developping visual aids

Simplifying the problem

Using and/or developping simpler prob-
lems

Trying a similar approach with fewer
variables

Establishing subgoals

Recalling and using previous experi-
ences

Arguing by contradiction or contra-
positive
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Identifying goals and subgoals

Global planning

Local planning (to implement global
plans)

Performing local actions

Monitoring to progress of local and
global plans

Trade-off decisions (e. g., speed vs.
accuracy, degree of elegance)

- Having not only adequate knowledge but

also sufficient awareness and control of

that knowledge

- Monitoring one’s task understanding and

regulate one’s strategy usage

- Selecting strategies to aid in under-

standing the nature of a task or problem

- Planning courses of action

- Selecting appropriate strategies to

carry out plans

- Monitoring execution activities while

implementing strategies

- Evaluating the outcomes of strategies
and plans

- Revising or abandoning nonproductive
strategies and plans

- Self-questioning and self-answering in
the sense of monitoring:

1. problem comprehension stage —
What are the relevant and irrelevant
data involved in the problem?

Do I understand the relationships
among the information given?

Do I understand the meaning of all
the terms that are involved?

2. goal analysis stage —

Are there any subgoals which may
help me achieve the goal?

Can there subgoals be ordered?

Is my ordering of subgoals correct?

Have I correctly identified the con-
ditions operating in the problem?
3. plan development stage —
Is there more than one way to do
this problem?
Is there a best way?
Have 1 ever solved a problem like
this one before?
Will the plan lead to the goal or a
subgoal?
4. plan implementation stage —
Am 1 using this strategy correctly?
Is the ordering of the steps in my
plan appropriate, or could I have
used a different ordering?
5. solution evaluation stage —
Is my solution generalizable?
Does my solution satisfy all the
conditions of the problem?
What have I learned that will help
me solve other problems?

- Evaluation of orientation and organiza-
tion:

1. Adequacy of representation

2. Adequacy of roganizational deci-
sions

3. Consistency of local plans with
global plans

4. Consistency of global plans with
goals

« Evaluation of execution:
1. Adequacy of performance of actions
2. Consistency of actions with plans
3. Consistency of local results with
plans and problem conditions
4. Consistency of final results with
problem conditions
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« Understanding what such variations as
abundant or meager,
familiar or unfamiliar,
redundant or densely packed,
well or poorly organized,
delivered in this manner or at that
pace,
interesting or dull,
trustworthy or untrustworthy
imply for how the cognitive enterprise
should best be managed and how success-
fully its goal is likely to be achieved
- Knowing what strategies are likely to be
effective in achieving what subgoals and
goals in what sorts of cognitive under-
takings
- Escaping from the followings:
Using only a random trial-and-error
strategy in solving process problems,
if they are unable to decide on a com-
putation to perform
Coordinating simultaneously the multi-
ple conditions present in a problem
Ignoring one or more conditions as
they work on a problem
Recognizing the need to coordinate
multiple conditions but not being able
to do so
Forming problem representations based
on syntactic interpretations only
Crunching numbers
Failing to gain “good” understanding
of the problem statement before begin-
ning to try to solve the problem

4.2 "MERREN" DEXE
4.2.1 BEHNMERRROZL 7

BeERIRBRRRER S, R HLEELR S Y
ZERBLCEINT S, AL, RBAPPENR

By, PERREHR: LT, BB
LTRFTFTAO—2RmTHENIRI VR %
EoTwa B izat L, BFRHERRG =/
RN RRIZ, ME7 V-T2 +774
C—kHbhidl bk,

& 5z, FIEMBSHEHIZRIZ coherence theory
ELTHMT2LNDTH 50, BFHIHREER
i OMEREEHROREA R Z0E T/
&L Z%H5, LAY correspondence theory
ThHH ) LT3,

(3%) Newell, Simon ® GPS (General Prob-
lem Solver) 2L T3, XF@Y) “GPS™ & w»
ShiTiREC, SN T—cEET S
EHE2RKOLHME—L b, BELC7r—=
T4 TENLBE—F2B L5 Tn

%,

4.2.2 "MERRREEN" HBEOTEE
LEEFHA VIV T—ra il EED
“RAERREE " I A EBEOMLTIL, b
HeRy/REERETH 5 FY iz, “RE" LT
B/ oH RIEMREREE ST 1T 5 BRI E
BERTH 5,

72, MEBRELZHAEL T3 L0, FiE
DAVNFIT4P—THbEINTVDEHT,
RIFEREE O EDLEF 13, 1272—D2Th 5
FIIcRz %, BIL, “HIERREN"2FED
2+ T4 P—,RA—BTELN)LDTH
5,

LoL, TRTIE) L kv, EB, “R
BREEEN N s L0 L S kBBOLEFT
i3, “RIBRREENOMER 22 6N L kb,

s, ZoBAMBRREIV BRI INE
THEH-> TP o2 R NI T4 P—2FICH
2B 2 ETRIFUT R S vy, MERRGE
DYLI—ONDA NIy TF—La Il TS
i, AT T 40— R2WOTZ LIIRIERRRE
HoBEFZLTLIERLLVWDOTH S,

EEE, MEEREIANI T4 o—DBEFEEL
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THETEINEZ LI »TWB, LA »TXR
F T4 D=2 URARICHEPT I LI, MEE
Mz MBEARTREZE CIRBLFETLEIZ L
BN THEED, FIEDALFT 4 V=N
ZIHUT ST RIBRBERIGEERT L
TPWEZATHBEH, ZZTHEEBERNAY
YT—varvil i HMBRENBENRLE
B, Rw 72l »>TK b,

Zonk iz, “MERERNTOEENEEIL
IZBWT, bhbtiZ oAV rT—3
v—— BT BRERT —OFEICREL:
B, COFBENERT B & Z A3, HEHRIHE
HisR & “MEBRENTR" DRBOMILAT
BEETHE, THOFERIBEENEBERIGIC
Lo THEMHLLNTH 5,

(1) ZoEBEAIELNLTWEFVEL
DEIELT:

Even the most successful problem sol-

vers have difficulty in identifying why
they are successful, and even the best

mathematics teachers are hard pressed
to pinpoint what it is that causes

their students to become good problem
solvers. (Lester, 1978, p. 54)
(f£2) &K, R }5T 4 v—DFE-HH (5
7V 3=) RAMIT 4 v—mO—WELT
SRTLEES D BHH, T2 TRNLEBHICE
W, FNIZBRITH D, "2+ TFT 4 2—DF
B OB TERICITE b TS Z ki, “good
problem-solver” Dif&#E (§3.1) TH 2,

4.3 MIERRRBEHBBIA

4.3.1 AR 7Y —n#E iR
“RIEMEE N Wi, EEE LTI, (WE
7)) — OB NHHAY ) —micBWT, &

SRk N R R AR O AR = RIB AR GIR 2 & — 2

BT 3 L DIch b, “RIBHREEES " OB %
BET 2 LiE, AE7)) —OBH 2358 (R b
LTy 7THICHHE) $52LTHB,

L L, MERERNIERRE L THORED
RIEEHRRIZ, ZOFEEICO>VWTL, 40EZ
AMOBBRLRL T\, “BE" %8
5 LIBZ, “MBRREEN " OEE L V) HER
THEW7FEREEINLVWTVE LI DY
BKTH 5,

5 RIFRRRRAEE N AL MEIER

5.1 RORERRRHE]ER R BRMEER

“RARESREE N LA N T T4 V—%FE—H
T2 v BEIL, MERREHERETFET S
(§4.2.2), L»rL, BEEIHEL BICERIR
B) Yz TF— 3>y TFTiR, ThoONER
E2 b\, EBE, K22 K2 BARHERIL,
ENLPRNEFES20DIDIcL B,

L7zhi-C, BRI RR* BRI L £
JETHROIR, “FEERZW ZEICLY
Frude b e, 220z, RARENRIERR
[ FUHIRE T H - 72 RIBRREH R,
H (BERRICHEEE) EnsZ kit b,

5.2 PAMARARAE N TR 0¥ D REEAAEE

SEEHRWL ) > T—a DT TR, M
BRREENEFMBERAL 7T 4 Vv —DE—RRICE
N, MBEREHIOEBRIIRAFF7T 4 v—DF
BERE—RENS,

25z, AFIT 4 U—RPHENLANE
HLLTHEBEIND, Lo, HEHRRGE
HF R HRIZ, FHEOANNRROTEROHE
FllcoWTOREL VW) Z LIZL B,

L L, Z oo EE sl cBEma s
LNTHB, Bib, EEIISLOH, ZHEHEIC
T7a—FF 5MiEbilbLUdRZ %\,

SEEHMA ) T—2a YT “WEBD
WAE” T, ZOTRIZFENEL SI2FEES
nd, “WEORA" TR, BUMBEL ) Z L
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T, ZOFEBOREHEYLIND,
6 MOFEARREED R RERER

6.1 BBRNH7 So—F

RABEBREE RN ERRIL, <A77 4
C—=FEZHANER EROERRE D
Trichb(85), wERELTUL, AFTTA4
C—HEHICL D,

La»L, MEgEEIERoORHRIZET
HHIEICEN, ZoEBR (BHEHR) 3, &
BT 7o—Fick > T bt bl v, F
2, “BEHER % BRI E T 5 EBRORE DT
2, “2AFFT4 DD &) 2 L THE
i oTwd, L, AFFT 4 P—FEED
FEc2WTiE, 22 TOERRBIIMORRD
TELNE,

oL CoMERERENREE, 2
ITEDEDE I LI D—L v T T T DFE
RH—THBETD .

(MEERENTERERBNOERDP DL

RIEMRREE TR BRI BT 2 RANE

LaZ kh, BREIND)

(%) Can problem solving be taught ?
.... If problem solving can be “taught”,
what type of experiences must enhance
the development of this ability ?
(Lester, 1978, p. 59)

6.2 “RIFSTF4—iEN" ORBEER
“ZF5F4 104" nRBIZ, AEER
A > TF—yarTikb->THISTHRIEL
Bz, CORBENZERLZZTHHTHRLT
B<o
SEEHNA ) > T— a i, HERR
PRIERMICBIT 2R L THREES, R
ROBIREIZ, FHREWRRELLTOALT
FAP—ThHbd, AL T7T4P—PEATER
SIIMBIEKET S, LL, RFT7T49—

BRIBICKEL Ve k> AT T4 =7
OFEAIF MRS oNRILETERICT
2 (AFI T4 v—icERKELINIBEEL
T)e —2Z95 LT, “ME7Y — 7 RARE AR L BE
" EVIBRFL L VHRENRSH, “A b7
T4 o=" Ofayr LBEICEINTLE ),
X5z, 2o THRyrNRRIZ, “HERREE
HoWK” 2BENLLONL HICRED, il
s, AVNTIT4P—I3, FHRENLRRLE
TV ERICIENT W, 8T, “KR7ICHT
bhbhnA A=Y “H#E" THa, LI
HoT, “ZA+FTT4 P—DER" X HBOK
Bk A=Y ENDL, EZAHTHHE
OFRIIBREN L LD TH B, LH-T, A
F T4 VORI BRENTH S, &8, M
JERREENIIERTE %,

6.3 RAFFTF4—FHROKRRICEITHHEAR
B

RIEMR RN RBHR S BRI b Lo
T, A+ 774 P—FERIFrE AR TERS
NablIciiiw, Hib, ZoERICE, £11
Do TAL AR LTS % 5 e\,

InE)REHEL TR, BELENDOED
ZohEZLND .

@ RAFF7T4 =3, ENEBSVROLTHE

TICHET 2NERRE L TAHAIND
B ZA+FITF4P—Id, FNOTBLIALTE
L BTHDOHNER L L THAESIND

$72, MAIPRLNDBELHDET S,

@), b, BE “A 774 o—H" LK
ENTVBLONBED LBTL THELNS,
EE, 27T 4 P—-EBETI
@ 27574 v—%BRTH®
® A 7T4 P—%ERDTFICTS
DTN THEH, BN “ZA 774 9—
B WA H L, £ LT, EBRAOIKIKIR
Bia)hs, EREIIZEHOD, FnERET
5 ki b,

Lo Lblix, Ak, AHEEBIA)ZT—
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425 PO F

varysiifng, AEERENA) T —
YarvRBENEIHNA N Y T—2arTh
D, “TTHONHER"TRBIDESLILED %
vy,

LT, BT ond s, ®OEENTE
Hy2FI7T74 v—HBELLBITFLNEZ LIS
b,

(3F) HI b, ¥ HENHTAII T4 V—% X}
F4 =L L TEEBZEIICELL, 2%
EEHNTESFEEORNICEES S,

6.4 AE7 ) —DWEIDOREATEE & DBIE
BRicR~72 k5 ic(84.1), RIEBERENON
BF7)—OBEIIRARRE L > Twd, TN
BROT, AFFT4Pv—2NE7) —HER
REENOEHRERZTORBRICGBE LW,
Bz, 2T 7T 4 0—15EN%ICHIERREEN
DEHERLNIELTYH, FHEIAMTT 4
PR DIHIC T e b R, AT T 4
C—IEEPFMET A LI TEL Y,
UlnBmkizcBWTd, 2574 v—1H#E
IZEIBHLTH B,

(%) ... can problem solving strate-

gies be taught which are generalizable

to a class of problems? .... the ques-

tion arises concerning the extent to

which learning to solve various types

of mathematical problems transfers to
solving nonmathematical problems ...

(Lester, 1978, p. 59)

6.5 “ZAFIFT1T—15M DX
“ZMTT 4 —BE WRICOWTE, X
NI T 4 v—EEE i BERErE
T&B" L) EZATHRIEL TV RO, B
®ThHpED,
A+ TT A —ORETIE, FIBRREIR
CHEZIE, R FFTF 4 v—DLoe— ) =%

RAIHERTILIITEL Y, —R, TRT3
TNIREBELZHEL L LIRS, B8/
BERTHR) LI h 2 FREMBILIEND
ZbPTT4 oMz L EZEE L)
BEbh sy, MEEHMOBRIEKE Vv ER
Db, E)RELLECDTHBEED, L, &
iz Loickz k5, bbbz ER
AR 2 RS BRI HEE L C R T TG
ICHEATVD, L7205 T, AFIFT49—D
DA LT 7B L TE, RRCHEE v,
(331) The single most effective means

for improving children’s problem-solv-

ing performance is to have them try to

solve a wide range of types of problems

over a prolonged period of time without

specific instructional intervention.

(Lester, 1983, p. 241)
(2) MBEREBHRLELT S & 203, HE
RREESTIZ,
1) DAL T7T 4 2—&
(2) EBRYIBE

DITEZ ML, FES, AFT7T4P—D
D2+ Ty TR, (DICKIE LT, AT T 4
C—DER) TN T 5 v,

6.6 X2 BEDOER

BEiCR~72 k512, A ZBHMNERIIERT
EH BTV, Lid-T, A ZBHOERD
rHDOREEZA L TT 4 BB LERICEZ
52 LI3TERV, (BREICIE, HEENZX LT
T4 —iREE A IBRABRD I HDIGE"
ELTwa®, Lal, BHIC, Z1UIdD
BUNWZETHDB,) ZLTIDFRTD "4 S
BHOWK" 12, 770 —F ARG TETH S
», HLVEIEUMETHELTH S,

(8%) to stress specific mathematical
problem-solving heuristics and mana-
gerial strategies that are useful in
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mathematical problem-solving.
(Lester, 1983, p. 253)

Metacognition instruction typically em-
phasizes having students discuss and
think about the processes they use to
solve problems in an effort to make
them view problem solving as a multi-
facted complex of processes and to make
them aware that many problems allow
multiple solution methods.

(Lester, 1983, p. 253)

strategic behaviors take time to master
... novices need to develop the moni-
toring and assessing skills required to
use them efficiently.
(Garofalo and Lester, 1985, p. 166)

... the failure of most efforts to im-
prove students’ problem-solving perform-
ance is due in large part to the fact

that instruction has overemphasized the
development of heuristic skills and has
‘ virtually ignored the managerial skills
necessary to regulate one’s activity. ...
much more attention should be paid to
these aspects of using algorithms, stra-
tegies, and heuristics in instruction.

(Garofalo and Lester, 1985, p. 173)

... children were encouraged to become
self-conscious about their strategies
and objectives.

(Flavell, 1976, p. 235)
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