R P a7 - L

= [ 12 0%
3 ? i m,&/\;&

- I’! rj-g-/' J —;% /I}IJ

56 e L

R A

=

CHEAREIP] 2 92 8 5 20 [1: (T[] 1 92 Q F| 23 [1: -0 [ 1] : 937 3| 8 [1)

T
(23 ?J Fag B i e g R o 4 VTFT R
SRS YRR R AL ¢

sl
R

2]

R kIR gy ka0 2 T

re 22

TRARADERP ) A ap g e,

ﬁ%% ﬁ‘rmﬁ]"jfw L——«E”Fﬁfr
TRAERELS PR T
LR EEE Y YR

BRSHTE A b o T8

o drrgamniTe f TR o d AR R S AT T B R S I HIL AR (7 A eh

et R AL E - g ¥ X 7 i B - ﬂ'l};ﬁd F,\yrr'ﬁig ._—ru;:rw J AR t{_?’{_?gsxﬁs ) "’hi

i |

M4Es 3 ALY R s s Ky

gy



v 3

EEPH R A st s g i i > F R P F g Y o g2 s L
PERT P HR% g Poa R PEFAPF LT 4 g A (Kuhn, 1993) -
Prd 35 B PRI A HT R RS 2 e P IGER Y 0 A 2bE s
4 e A 2 B e HEF  (Driver, Newton, & Osborne, 2000; Zohar & Nemet,
2002) o F BLBIPM KT AR 0 wid A A RFERET RREY ARS L A
MIRRAF AR A2 AR 9-13%&%iﬁigﬁf?ﬁ"&@“ﬁ%@%‘%&%ﬂ@ v e AE
- BAFTEADEF > TAREF - LRI LT 4 (FRFE 4> 1994) -
s AR BPFZH OB BHMALEY P AEs HEHLN D RAR LS
BRHREAEY PG (RenR B A E £ & TR he » 2 - (Branscomb,
1981; Laugksch, 2000; Miller, 1992) - j&_u F B p ’Pﬁﬁ*q‘*“ﬁiﬁf}m LGP
AHERKIFRE ALY NS PERP EF RS BRI A R
EFEEAEORE -

BREILY N AT E R AR Mot A T BRI 5 4
(Resnick, 1987) » & % it # AR P chjads - ",éf‘, KR 90 E F G end # - F kAT
Foni 4 dp Rt B LA g e T FRAE S HE S Tk )
RARNEF LB PR LN 4 | b (MOE, 1998) 0 ¥ - % > RALH K7 § %
SERERFTHY L T TR2APPERTEL AV EYZBRR2EFTHF
ErHIFET At A PFBAGRAD ¥ A ENE AN P T IR R AR € R
Fo X EEAEHAEAM A EFREINPFOLBE T2 TIEEPFE R
A A (5- T 2RAFPERT EROKE 91 E107 )o

REVITEPZEAT T REIFEILT RS NPT RTEPE AR
Aehg &4 2 P FETL YA it o RF AR AL T LET
ME AR F AR MR E RBRE PN E ALY S F A DY A AR

F A

2z

HwWR— B R PR 518 ‘3— i.lﬁwu—rr%ﬂi‘—- *;;Ln%*ﬁj‘& i

MAEHI A £ S - BIRACREF Y ) BERITE RETHRE AR o Flp o A

Q%&z{"’\?\}fr’%‘i§m};ﬂ7‘ "I" jL:}'H. m;?/ﬂl ,Kf 7oA ﬁplﬁlkp,uffﬁiéf" RS g T



PO ARHE L i hE L RSP R LR TEY L e .

;o e i

B JEIT G A R E R AT 2w 0 A2 A AP B gL
R rREA R - AE S F AN LSRR AT > A 2 L eehE
£ %_Roger Wolcott Sperry 5 . » @ # + Flpt 3 Rk 7 1981 £ f: 2 L F H
(&7 71> 2000 # ) - Sperry 1 7' @ 453 B Y2 k2 B edd g o

SR Y B L ot e A A R I BER T LS R L e en

A ¥ SEBAERGRE A RE AN S RGBT ER R R AL F
WiEPR T LTS AR aF - BAEY o TR ENA RS A B

B2 9703 PR X B F B (T 2 Egd BAFY A 5ma BEF 2180

g E R g LA Banpl h (GE R 2000 £ ) o

w

GEE A A e T
—Eu%ﬁﬁr*ﬁ{@ﬁﬁ@%\gﬁiﬁﬁﬁﬁﬁjﬁﬁ%a%ﬁé%ﬂj
2 HABPEAREFR APV RERLFT - FEIEFE TR AT AR B
NS A R EARA A T ER A RERT CREZFE S e g AR
B R R P R o At 0 R A Rt R LA o
e T RREE s AR ) R

A oA S RO A RSB RS R RS NES AN R
hE i A AR RRIER R IV H 0T 5 k0 fReihe i o B2 L
AAEFLHPE S A F G G o R TR BB R T fERg et i (Kiernan,
1999) » b4+ & 1861 # - Paul Broca ji~ =2 & 5 35 5 4 £ g 07 F Pt 0 B

TRV - PG 0 Fl o Sl s Broca T W o a0 s g g A0

\

3

i E RS A %%'E* B RS o p j£.1980 & 11k > BET AR REAT R

"~
A

EdF LB MR R EAPT L BRRCIFON AL R oo ¥
TR AT R S S B F T AR e B 2 < g Fihisa A2 o b

ho g R iE B2 (functional magnetic resonance imaging @ # - fMRI)



& +# - (Positron Emission Topography

A PET) ~ " Tk
( Electroenecephalography - #§ £ EEG ) ~ *9#%& ( Magnetoencephalography

# MEG) ~ P2 i Bk (eye-tracking system) (Kiernan, 1999) % o p =i 7t -
B R ] A

,/ff:lf\"\ ’?{g‘é,p‘\ %ﬁrﬁ’l"]‘ﬁk'ﬁ y l[ﬂ;'\’?%}if}ék A ﬁq— @; ‘g:‘:
ﬁ\mﬁ— (l’!‘:lﬁ(ﬁi‘}‘ﬁ

s

%:F>2001) B L@ 2 A 5 5 & R Xakehfpler p
RlenT =B Bae BESRM Y o v Eojp i it deT
(1) %% ipi

(occipital lobe ) : A4 # it (7% 2

(2) # ¥ (temporal lobe) : F&AL # it c7% 3 -

(3) #p % (frontallobe): 2 & S g ~ Al ~ L&~ L% ~3F75 9% o
(4) B (parietal lobe) @ 3 Z A3~ 2R X ~
TR o

YLV ERE o

o 1 i Central

sulcus

THELH

Parieto-occipital

TEHE

Pdrietal

sulcus

TLEE
Occipital
lobe
" AL
St Anterior ramus
Lateral Ascending ramus
sulcus { EiTH

Preoccipital

notch
TR HIT LTI
Posterior ramus
ks

Bl *xsZskens i (2% HRER)



S R,

Central Splenium | Ak
. sulcus &R Rostrum | of corpus
TERGI G callosum
Parieto-occipital ﬁe‘%‘?’

sulcus

Calcalrine LT U R Stem of lateral sulcus
sulcus Preoccipital AR %
FERiM notch e

FoTHE | ARTPEEY ¥y

- ~famg 4P Eﬁf.ﬁ:p\ (induction) £ ;%% (deduction) f?s# it % &

RESSFRIE G 4 o 4T B RaE ¥ R 2453 42 (premises ) £2 23 (conclusion)
2. soasanhd i (epistemic relationship) > @ w12 8 22| B d2 34 (inference) e
i #4227 ¥ 4] (cognitive processes and mechanisms)  (Goel, Gold, Kapur, &
Houle, 1997) » #2324 4 Agnsvfl 8¢ ilzhd & it > - 5 FPEwE L
e LR TR A YT E RerELEk > R FE A - #8558 ) (formal
rule) ¥iyugfz o BRI AP oo BT AR 02 0 @ fF R Edp Bk A 2
BRIRR AN A R FOR Y L ROFAPM TR A ¥ - B RILGS R
SRS AR G St 058 (unitary model ) > @ g s R R E —*‘Ff S R
it — 485 Johnson-Laird, P. N. & 4255523 (mental model theory ) @ 3 3

AR N T B R B AR N ALY iRy At e TR a2

~

R o ¥ - Ras iR R _Holyaok, K. #tdpshp 7 & — A0 (content-specific

schematheory) : ;35 2 enavak F e 7 & - M A #4% 2~ 1 & (Braine, 1978;



Goel et al., 1997; Holyoak & Spellman, 1993) -

LB R FRE O R & pF AR SRR F v

f*m

B ROREARhR S RF o B AEFFEPROF LR GV L E KR
RFH eIt 0 R AR IEE IR L Ri- BINEALE T 0 ST LSS
ARV A i 8 £ R AP o Goel & 4 (1997) fiI1* & &+ %7k #F e (PET)
Pk FEE o 5 T 92 B#HE (argument) s 3 pRTI5E S B 284 K& o
KT L5 184 £ 10 o ifcd T RT3 ank AR F X 3 24y
Fé%%ﬂﬁum%ﬂiﬁ%’ﬁﬂjﬁﬁwﬂdﬁ%ﬁﬁmumgﬂ%%—i’ﬂqu

TR ZERNHmE D BT

TS
All men are mortal (#7% 7§ 4 RE_g 1)
Socratesisaman (F&fEf AT - B 5 4 )
therefore, Socrates is mortal ( ]+ » g & 2§ 5~ )
K

George was a woolly mammoth ( /2% - &£ 5 35 &L %)
George ate pinecones ( & /v % )

All woolly mammoths ate pinecones ( #73 =< % FReg i % )

dBRFIR O WAL FES A R LB d FREFFR
o L R g B g R AR 1 b e

Blg g Ema S ? TR RIFRLFH AR 2T Y

gﬁ’ﬁt/‘élb >m ftig-f’?ﬁcﬁ?’]imféi"% T Pt %‘Fﬁ ~ ¢ %F"““"ZL foF w (;}gi—}-’s"ﬂq
MR eh B o R A Sk e 3 ) ARSI (Goel etal., 1997) gt o
JRE T REHFR BRINE N REEL AR S



- i F4EIREE o R R APH VBRASES RAPE YV

% Goel (2000) iz#pFr g @ » A" & BHedrE & (IMRI) Hpr k5
W THEEANALNZFT RPE2REZIFRLS? o AEBRFAL AN K
N R A R A FIAAEANHE TRF o Tt S TEE M
iR & (eventrelated fMRI) - fit % 60 B323] ¢ - 5 30 B 47 £ 48
nE e (contentful)) = BN » ¥ 30 B R A & E 48 % <0 (nocontent) = £
%02 0 Bol4e™ (Goel, etal., 2000) :

3 28 7 o (contentful ) = £V i
All poodles are pets ( #77 4 =< Jjg JF’K E5d)
All pets have name (#7 gL $8F &3 )

=S

All poodles have names ( #73 L fj ;fs’ﬁ 23)

& Zfp % e (nocontent) = BiNimiE
AllPare B (#7% ﬁﬂAJF’K%LB)
AllBare C (#77% :thT;KnELC)
AllPare C (#73 0P 388 C)
R T R § R 4 e R e ?;éi—‘ﬁ-‘l'i’—::ﬁﬁg;; 29.4
o XEBETIHLITA4E - FTE5FR EHN 72 KN HEHRIZI RS
[ 1’?&&33‘1#%@{&%% v EERPN Rz RN EIERE TR A o A
ERALY S FR RGN FEEFE RO LERP R R TR
FAF - d B 28agm S g REH2 ZMP FECLEF RIFE R
o R AoAT R AR SR A CRZ R FTARE A AL

PP 7o @R AT EREC IR P RARIZEME IR X TPRETRS o



- o Goel BEEF AT EMP Fdes@ ¢ ifit 20X a2 % 0 A
W RPpFORITEFCTRE D FA SRR (BT SR RN FHED B - B
PR R LN F I AR ) 2 F A1 A 2 Ap M chw i R
Gk A R GENE 1 hE o PR T 60 B L AP F PIZAT R 22 60

B ) FHEIEEER 0 4o #7571 (Goel & Dolan, 2001) :

LR F e sm AR p
Nancy is younger than Karen (& & * §ig & & )
Karen is younger then Jake ( #i§+v ¥ 5. & §5 )

Nancy is younger than Jake ( & & '* ¥ 5 & 4 )

d Fe ) F DFRIZALP
N is younger than K (N +* K # 3= )
K is younger thenJ (K ' J # 4 )

N is younger than J (Nt J # 4 )
P R R R B e T2 Bt s L T i 8 b 28,57

B RETLIHL 1678 E c BEFR S T %P S LMz BRI RAEY A

Pk oit-HRIETEF AN T ORI AL GE LE AR 2 5 Goel %

LA AR R s i RS B R 4 R



\

A A TR F e

P

- B AR R A A€ B EE HE 2 a2 ¥r (Goel & Dolan,

7 7 ¢ o Goel i 1 * 4p ke cE 2 4p B F A PR R

2003) o F]pt > A 2003 & E AT %
BRI j\*‘fﬁti [ER /Egm‘ﬁrk}\"‘”l 120 IB‘—E”}; TABETER Loz B iNH®h
i BIRE4eT i
'Ex‘ —ﬁ = :é: m ‘F)‘} P[H'FJ/Z‘
No poisons are sold at the grocers (2 7 & Z4Lpx &332 b k)

Some mushrooms are sold at the grocers ( 7 & iy § B &3 52 b )

Some mushrooms are not poisons ( 3 & &g 7 & 4 %)

*EE A= -FA:( \zlrr\v:uz*E

p:u

(FEH* 12 L &Hm=> EF > bl4e @ monorchids {= rhumbs )
Some monorchids are ground rhumbs( 3 % monorchids &3 & rhumbs)
All ground rhunbs are rare ( #77 ¢ ground rhunbs #% &% )

Some monorchids are not rare ( 3 % monorchids # {ﬁ—’ﬁ =2))

FEPF T L TR TR LR B Ti0a gt 308 K
Rpy s 1682 SEFR 0BG RAPNFAMIEE BN RO E



N ’J‘ =

ik

BN Rp AL AT L A B NSRRI AT S A
P A G R R R FA A G0 2 R AP R il
i

EFAATEEVEOTRRE > AL BRBARLE LAF LN R e

o g HBIALFPAFEAREF O RFE A RPESFE 3 BT A EERG
e RERLE U AGHEPN FEXRBEOCLT ERF S RG

E gt 27 8F%F BT M -

AR LR N T RS T I R IR F e
iR Rz R PRI PERTE PN P Ly e 04
'ﬁ:,’f?/[u Wy ’?Eﬁd’ﬁéﬁ'ﬁﬁﬁéﬁﬁ?"\%?ZS}%& ' PRk EERY 53016

BT RS HIG ER A R EE ALY 28 Rl 4

gk A G R A B BN p b g Y R Y Ak
FoAF ALY A AHITEFRT I ERN P AEEFE O S 2

FoF A BHILG 4 LT ehh kiiE 2 pdt e JREF R HIF Y N

FERAPATY LLRF ALI AN I BRI FL ML TN HE
EEFEL |

i
4
R
‘s-l‘-k\"‘

d SR IR AR B RT T R R o AR 1D A AR T SN P T & RRiE TR AR fed ehEr
Food B RLEROSE T BN P REEY P ARG PR FRE- Y
2T R BEAY ) ARE R e hE Y REAER e e
BAE A S A % 0 1983 Evp i 4 Fou s F iegh (Howard Gardner)
r

Y (Framesof mind) - 2 A= #p¢ e i1 T3 A o 8

10



RS ERAR RS R OA U P R R

o TEY R R R R AR Y RRRY

i’f{,4%‘%?%*?EZFﬁ%ﬁﬁﬁa%é%%?uﬁﬁﬁgwaﬁ
ﬁﬁ%"@‘?wﬁi*ﬁﬁi\ﬁ%’ B3l i vk o a0 jene
ERBF RO S B WA S B AT Ed fgka dpE @ ¥ A2 A

RIOPpMA Y S5 @ i 4 £5 35 Sl TR R T £k

B AL LR e PR

‘E\
W
)
ey

i&\]emore Bruner spLgt > = if_%‘?f;_;rs,,—aja M SBEY g4 - L B3 AL

“ﬁ:‘r
E

B R - AR F LT MR S p e 5B Y AR R LR o gL
3B A PFARPIN {2 SR g Y AL G L R
£ 07 Rl E LA Sk 1N AL RSP (TR L TR
BEL R g o t L{ER B LT R RFERE P A IREEY
w0 BRE - A RE - BB

AP A NS LT A AR E S A g v A e
ST RAIP S R E S ENES B RS S SRS R )

F NP FR LS R

54

BkdE S BUA LR (2001) 0 % A ERNE o S HEFE S JUEA
PR E9r (1994 # ) F KA LT 4 HEPEEY o LE KT 1 A% 160 ¥ > 20-34

R

R (2000 # )t PP oEeH o S i AR o

11



EWE, 2T (1997): 5% S AHN —BENED LY whRE e S 3
i o
&P (2000 & ) g b fh B —4 MFF A e o4t 12T 2 0 HR 0 140-154

o

|

o X ARAEKT RO ERI TR A 01 £ 10 o

E I

Braine, M. (1978). On the relation between the natural logic of reasoning and standard
logic interpret conditional sentences: A developmental study. Rsychol Rew, 85,
1-21.

Branscomb, A. W. (1981). Knowing how to know. Science, Technology, & Human
Values, 6(36), 5-9.

Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific
argumentation in classrooms. Science Education, 84, 287-312.

Goel, V., Buchel, C., Frith, C., & Dolan, R. J. (2000). Dissociation of mechanisms
underlying syllogistic reasoning. Neorolmage, 12, 504-514.

Goel, V., & Dolan, R. J. (2001). Functional neuroanatomy of three-term relational
reasoning. Neuropsychologia, 39, 901-9009.

Goel, V., & Dolan, R. J. (2003). Explaining modulation of reasoning by belief.
Cognition, 87, B11-B22.

Goel, V., Gold, B., Kapur, S., & Houle, S. (1997). The seats of reason? An imaging
study of deductive and inductive reasoning. NeuroReport, 8, 1305-1310.

Holyoak, K., & Spellman, B. A. (1993). Think. Ann Rew Psychol, 44, 265-315.

Kiernan, J. A. (1999). Barr's The Human Nervous System: An anatomiacal Viewpoint.
Philadelphia, U.S.A.: Lippincott-Raven Publishers, Inc.

Kuhn, D. (1993). Science as argument: Implications for teaching and learning
scientific thinking. Science Education, 77(3), 319-337.

Laugksch, R. C. (2000). Scientific literacy: A conceptual overview. Science Education,
84, 71-94.

Miller, J. D. (1992). Toward a scientific understanding of the public understanding of
science and technology. Public Understanding of Science, 1(1), 23-26.

MOE. (1998). 1-9 grades curriculum guidelines. Taipei: MOE.

Resnick, L. B. (1987). Education and learning to think. Washington, D. C.: National
Academy Press.

Zohar, A., & Nemet, F. (2002). Fostering students' knowledge and argumentation
skills through dilemmas in human genetics. Journal of Research in Science

12



Teaching, 39(1), 35-62.

13



To reflect educational learning via researches in cognitive science:

In the case of reasoning

Shu-Nu Chang
Graduate Institute of Science Education

National Taiwan Normal University

Abstract

The development of Internet broke the boundary of knowledge and shortened the
time to approach new knowledge as well. In such a society with plentiful knowledge
and the pressing time to learn, what do we need to educate students after all? It seems
to manifest the importance of thinking skills. The purpose of this article is to
investigate the methodology of studying higher-order thinking skills in cognitive
science based on the topic of reasoning. In the meantime, the author would like to
explore the localization of reasoning in brain and the relationship with the known
functions of brain. From the results discovered by researches from cognitive science,
the active site of brain is not unitary when carried reasoning activity out. Moreover,
the author would like to reflect educational learning via these researches in cognitive

science.

Keywords: Higher-order thinking skills, reasoning, cognitive science, educational
learning
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