REUI

BERPHEEETY B

R

L @

B Sk ¢ TR o e
$15 TR S RIA R A 4 2 R F

Scaffolds in Digital Games and Their Impacts

on Player’s Concept Mapping and Design Creativity

B4 LA

TEE SRR R S
Hh 4 $oik

3

ﬁ]-

gt
;0
|



o gn o B IR R AR R R A LB

Scaffolds in Digital Games and Their Impacts
on Player’s Concept Mapping and Design Creativity

oy oA LA Student : Chieh-Han Chiang
R I F Advisor : Dr. Chuen-Tsai Sun

Dr. Sunny S. J. Lin

=
H
&~
i
Heos
R

10 5 pr g

3 % 1v
LR e
A
K
% %
4%
s

A Thesis
Submitted to Degree Program of E-Learning
College of Science
National Chiao Tung University
In partial Fulfillment of the Requirements
for the Degree of
Master

In

Degree Program of E-Learning

June 2011

Hsinchu, Taiwan

pa

PEAR- &



B R B R R A B 2 R A

*

o
o+

W R b e
A Fost

Rz i~ BRERpPHEeE-F Y FaMmILrr

5 £

BERAT T LG R kA
£ )I,A}é’ o *#% 3 11 T Crayon Physics Deluxe | 5 P3gk TR 3 > #3225k ep
s e THRET ) ol MaEd i 5 %ﬁd AR K S
PR R Ay B R
*p%aumn@%ﬁ@aﬁﬁﬂﬁﬁﬁﬂk%wﬁWdAﬁaﬁ%ﬁi

\é-#éﬁ@~ﬁ%#m‘ﬁ¢f e MR e s e o
BATT Y AR SEA @m@@ui%%A%wwﬂm?ﬁ:ﬁﬁﬁﬂﬁ
ey F o E’JUR(J:\‘ LRy A RU R f‘T)F)J'mF&g'J‘: E T B IR 2 ﬁjlﬂ e
I B R

i® gﬁf&/}ﬁmuz&%o
d %4 Bl P “L-‘ic"’ﬁ‘r;;é;.fg—ﬁp. F % %@&%éﬁw LR t Fok
(SRR AN S - X e S mi%}’m » B RS EE JE H R iusz\—" BREG B
s R MEE RS o B B A
SRV OFIR 0 d NI *Q e cds LB (T A YTk TV BB L
ﬁﬁ“wﬂ’ﬁm%ﬁ@w*ﬁﬁwﬁﬂoiﬁﬁp£?%4r&
P2 AR R M AR TR R 2P 2 A M
Flce bl FADTE > A7 0 2R 5 A RETFeR AR FR
g e B om R IREE o

% ‘-‘rﬁkﬂiﬁ-

[ ( N,

“7:

B © P& =i

\4.
k

o

MGET © B vmi RIS - PRA R - KA



Scaffolds in Digital Games and Their Impacts
on Player’s Concept Mapping and Design Creativity
Student: Chieh-Han Chiang Advisor: Dr. Chuen-Tsai Sun
Dr. Sunny S. J. Lin

Degree Program of E-Learning

National Chiao Tung University

ABSTRACT

Scaffolding is usually employed in digital games so that players can pass the challenges
in the game more easily and obtain a sense of achievement. The game used in my study is
Crayon Physics Deluxe, in which players:use: physics-related knowledge to solve puzzles. |
divide the scaffolds in the game into scaffolds for demonstration and scaffolds for marking
critical features. Through thetassistance of different” kinds of scaffolds, I explore how
scaffolding affects knowledge acquisition by the target students. The target students are the
eighth-graders in a junior high school. Based on whether to play Crayon Physics Deluxe and
what kinds of scaffolds are employed, the target students are randomly divided into four
groups: Those without the digital games, those without the scaffolding, those with the
scaffolding for demonstration, and‘those with the scaffolding for marking critical feature. In
order to evaluate students’ ability to connect abstract concepts, I design two tests of concept
mapping in my study. One is taken before the target students play the Crayon Physics Deluxe,
and the other after their playing the game. In addition, for evaluating the students’ creativity,
they are asked to create their own game after solving all the puzzles in Crayon Physics Deluxe,
and the games they design are evaluated based on quantitative data. The data is analyzed
according to five aspects in terms of creativity: sensitivity, fluency, flexibility, originality, and
elaboration.

According to the results of my experiments, I find out four worthwhile points to mention
as follows: First, playing Crayon Physics Deluxe does help the target students to connect the
abstract concepts while doing the concept mapping. Moreover, I find out that the target
students who play the game with the scaffolding for marking critical feature perform better
than those who with the scaffolding for demonstration. Second, the frequency that the target
students apply the scaffolding is not obviously distinctive across groups; however, those who
employ the scaffolding for demonstration spend less time to pass the tests in the game than
those who employ the scaffolding for marking critical features. Third, while playing Crayon
Physics Deluxe, the designing sensitivity of those who play with the scaffolding for marking
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critical feature is much better than those who play without any scaffolding; the designing
flexibility of those who play with the scaffolding for demonstration is far better than those
who play without any scaffolding. Lastly, the target students with the scaffolding for
demonstration spend less time to pass the tests in Crayon Physics Deluxe than those who play
with the scaffolding for marking critical features. Therefore, the scaffolding for demonstration

does help the target students to play the game.

Keywords : digital games ~ scaffold ~ concept mapping ~ design creativity
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B 8y ;ﬁ;jﬁu BB #E N Flm R R4 guniok = o Dyson (1990) Pl
’%%@éﬁr%iﬁuﬁ?“kLﬁJﬁ%%ﬁWﬁi-réﬂﬁJ%#ﬁﬁfg
FRp R BEI B S B EFYFHEV P FRY A TR T R s
ATEEY PN FFREEVHIRET T BAEREEVHPRRFERET - L REH
1 Ku?“&“%w’_ﬁ?m@ﬁééﬁyﬁ?ﬁ@ﬁ&ufg?’ﬂmﬁﬁﬁw

wRE R R



Vygotsky # R 4 #7 & 3 P 2 ¥3 (inner speech) £ ¢k & ¥+3% (outer speech) = =
oM e %ﬁﬂié‘é ’ ?ﬂﬁﬂﬁ S P - I R < o R s
Yoo S o mied F2 B3 e % = 85 (the third voice) > &% =

%ﬁﬁlg“gi.ﬁﬁﬁw4m£mkﬁ’fd%iﬁ%ﬁﬁ%“’@ﬁﬁﬁ?%
g A2 (HHE 2 2001)

/’5‘ FEE G TR ORISR Y F R RLRAT S
fo A FLELY A G iE A T FE o

FEE KRR Ana > T HT%%E%I

LiT R B % e ¥ d Mook g

246 3 BT LR B A aRLAg Y

AT A RN R IEE Y f

477 - AL LAyl &

2,13 JE% cfhs

FEPHEWERORT {8 FREBE IR F R RRAEOREE S

_?ff( PR LA E T & ;iz(Anderson Armbruster & Roe, 1990 ) - Hannafin% 4« (2001 )
?Ig;k,frg .:lz hLfE AR gy BB 2= g 7 pﬁmgﬂfg ) ﬁlfiji:'llr'—r :

(— ) PEE % (conceptual scaffolding) * 5 8% F@ TV Fdp o L FRT §e
??%W%°&%*ﬁ“*%?”‘ﬁﬁﬁﬁﬁﬁéﬁipR¢ﬁlkﬁ#%”
R R I S j\ﬁmgsu‘z A B AE R LR Z R R NF]F e

(=) tex3a/F 2% (metacognitive scaffolding) »éﬁf‘g‘ FTHRE- BPETS wF k
T gy g e=gVEh #ﬂﬁ'?“‘k LB PR dolm T MR R AR
Avangiay o EH/ B R T N PR Y 3'%[?7%%‘ R E AR
K2 BY p o

(=) 424 % (procedural scaffolding) * ie#f /78 1 & EF 2 F ¥ i JI* HR1 £ &
AT Y B REPFT R U MF Y G P T R )?'r_i HRLATf e g
FThe R ERLETH - 0 RNEF) S BfE -

(z ) g B (strategic scaffolding) : W 3ERE Y * aF % ehF Y > § 5V F
PP RERETF O G REFY FER T R2EY IR BT HER
IR AR AT P o
Woodetal. (1976) % * B2 » fE/HE & F ¥ F “Tic ke v > dpdiigstd =

ARNEASE FOTRENE Y L TR E S Y RAEY 4 s iem g 84

Bisauhp 238 Ymna1iv, T ﬂ%—fiﬁf A ﬁ}’f—ﬁﬂ O KRR

(—) 3l4=# 4 (Recruitment) : &5 ¥ H4F ¢ f3IFF 4 2 Uz FHEY o
LR o

(= ) @i~ 2] (Reduction in degree of freedom ) : %35 chp 7 fas 2] > F & bip 4r Y
gﬂaﬁﬁ’ﬁ%$§i$%’¥kﬁm§?mé%°

o



(=) dpsl> (Direction Maintenance ) © % & ¥ RF 8§ W HF L H > P s Fedp TR
Venph D3I EF2 AR PRt o

(= ) M 4t4#c (Marking critical feature ) * 3 1 #7c8 ¥ £ cniéEfdz £8 -

(1) $-#13:47 (Frustration control) : # #2584 $A2E ¥ ¥ it A 4 k7> ¥ 83 2 2

s °

=
(=) #& &7 # (Demonstration) : E 2% T — B~ & om 4 > dp 3 #15c § ¥ 0P % o

#1712 Wood etal. (1976) chlE2E A 5 5 i dh » #-(F 5 47§ TR %91 el 2530
v L)’f%f PRI A B MR E N Rk e TP -7k
R RLIE S - R

22 $E4 W

221 #“tu@miﬁ

PEHR D 2 RE 2 f < FhFE L& F Novak fr Gowin #73 B I % 323
B RPCSEERT L 0 THRPER G RO P KRB R B 050 TR
PAERSIEE A AL P B Y o TR FRF AT R F A i L E o SRS AR
Frrrdsgpt > I -FFr RREBELY - F e 2ag Y p Fokgl s
(Novak & Gowin, 1984; £ =% % 5 1997)» % & - &5 ¥ ¢ (Novak, 1990) » { & -
fa:=% * ;2 (Novak & Gowin, 1984 )+
Novak %4 B 532 3% A& # x5 Ausubel '_’ﬁ LEEY  E%a k> FRAEEY
Ln B 4 G #-R F s Y iR A %
f-gﬂ—:'lL":‘r\‘l—,; A mfr"*—\’ A5 — 1B AR B LA »*}#_o*ﬁ REMEY QLT T 2
% (Ausubel, 1963; Mayer, 1987; Novak, 1988 )
LBy AL e f R & ARREY H NG L&D ABEREHRE AT
e
2EY FALCLE G EREY N B Ol g%~ ,T*‘ug'iﬁ’ﬁ - TARRE PLL
i (conceptual framework) v oA BETE Y PR A Gl g i o
3EVF RN pFE ATV T E B F e MATRE R A RS S
ZHMPZEEE S REMEY H R RTEREY DEERAAIBE S é_i 7
LEOFEY °%ﬁd Mo g 2 B ena g > MBS N ER . VS - A4
(propositions ) @ % w3 AL L5 LA L AT EEY g (A% 1997)
Novak A% ¥ Fm > BT '”Lr)i Mg L& DE Y > 154 SAE) 50 F 3]
G AT ek L HE Y P FeoPE ¢ - WP ST RiEFaE s FRARER
t‘]“f P RAMTE Y AR RZ N R R F I reRMAMBMBEDL A 2 (£
» 1997)
Ausubel (1963) 2 k&P % FUEORD D fRE A A Ar2 b B Y Al angt



% 3% RAPF R M ERE (7 S 0 Fla 4% Jbre 4 v (progressive differentiation )
SR o HATENBRBTE RS R 0 BT R AT A B § AR T R o
w“’&éimﬂﬁﬁﬁﬁgﬁ*°ﬂ‘ﬁMkaﬁ%Amwdwv4 - £ B
THE o FEMAE N GMAERS G L &R DEE - L Rf# (diagram) '\,LIFL’-"W‘{%%\
%4 (Novak & Gowin, 1984) ¢ fE3F & BB o &t LHZ T > MAHEEE 77 350
FE

1.5 P4 it 4w

2.5 5 - W
3.3 5 - A aERS L .

B R AV P SRR AR MR A B a X ud b P s

Hg R EAEREPES] (oRI2) L ¥ - BARI PR e Z T e B (Novak &

Gowin, 1984 )

1.8 % (relationships) dp e ES B (concept) B = — if SRL TR B M % o %
AL BHpimms 4oz F agng 23 (prepositional linking words ) & it 43
Pk 2 0es BMARF PR eM R a2 WG L &Te

2.F¢ % (hierarchy ) : a‘ﬂ%ﬂﬁi,ﬁ%]t’ PrERA IR BB P A - BRBMAEH b
PEE L & FRME -

3.2 % FiiE (crosslinks) : PEE Bl & § 7 0 A R ALk -
[ i T&%:m‘ﬁ?-ﬁ% T BIR el GRE Te ALE &
g4 AT B '%‘ﬁfri'ﬁﬂ Fea R enfd T o

4.8 t| (exampling) @ £ ¥ FAVIR B e LR KTy endrie ML B2 1S ghE
‘ﬁ@%ﬁﬁ@“’#ﬂ*w:m ,—Mzﬁmgﬂﬂ E T o
LB

foid A 4 L E T
R E -2
’T'JJ;?V"?"’ o A 4 A 4

£ A EC S FR > ¥- Mk
tE EE
P BMA AR RS N
T T & F B .
> %1%




F - PR R THIREE R g > BB AIGAPM L 0 Gl B HRie @#&
o R EP AR MART SIS R B R e M RR Y R ERER B
ERVERREY S ' e iﬁxgi% @oﬁﬁﬁgiﬁm@%ﬁﬁiér@&J
(propositions) » 3L F ¥ #7¢ Z R A STELABNAAE = FpFy FHETHL 2 F
i (5 F F vkehko | H (Novak& Gowin, 1984 )
%%’r} Novak *“7# ) 54 & 1 ] Wk o J1* 44 B (conceptmaps) & IRKE o8 ¥

e e A IR M ol FAVEREEE BRA DR &L f’ff SR REE
Rl ,%ggl PEABIY PEATF R PR 34 AR B8 F LA F kpizg

denFE YR A3 E- B NE L A o B T2 5551‘#1%]*"@?*””’?}”
Bomd TR &b BT Mo "‘f Fesgd o L BR800 28 doninh - B
AEFR2LFAM G {a#hi DEREITTBRE FFI N L FrrERT LA
ZEL S

222 o A

d Novaketal. (1984) #73& 1 cpg & HR "/‘ TR RIS E BRI 0 G35
?ﬁﬁ DA e R 0 BB Bk G A Bl KU F ¥ & 5 = ~ #f (Tarquin & Walker,
1997) 10 fEPE A UG ek e Bl Cspider maps ) P F) 5 B 7% ch4f 48 ] ( chain maps )
Fosg B FE A B T cnrd & B (hierarchy maps ) > 454 SB[Zp! 4o
- BRAMMESER  ER R B ALY L o B B R AR EE

R FmE o d P et R BRI B 0 ¥ R ndE Al G okk B or

Lk
lﬁriap;lf] Er- BEA YL @

ﬁm% HE&ALR DT ip PR

Bkt g o (4@l 3)

GIBE > EHREH 6 AP PEA o 2R R
£ & & H JK%F"}FT'F&? %o /“‘\ﬁka —@m’]ﬂ‘i'u%

B 3 R R

2EER R iR MAMA  MAMIEAT 1A TH R BRLE R APAR AL
Boom i B S B LT B R R AT NIEE 0 R M TR s
Risai BMA L T B AW TR AT FIFA L o (4-H4)



s h

[y
|
*
&
[

=

&

3

W4 1R B

CERFIEM GOMAR C SHEMARBS T AT AL MR VRRT 23
N RAPTE R m S % o 4 SRR R AL R F R
AR fr 4 ¥ B/ -

L4 6H  FFHgEng T FFdRs BEAFOTEM G d B e s

W3l G A 0 AR b FR b B BATIEA R e ¢ R M 2 g

AL RS 2 3 A Erdodfddaii e B - BIRE o (40BS)

W5 44

240 F B AREEI kT g L RAEFHNT R GI LT REHRT] Y RS HT4ER
E BRI G ATFE A DR T A RE T ='~i‘g«a§f§_mﬁﬁ?‘ fed BT A o (e
®l6)

R F 1

%3

B 6 & ¥ B
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S R EAPPEAR T AT ST o 4 2D - A3
HEEPRE P REBRS 2 51 THEER, T RIF
LAE G 0 % kAT AIEA S R Lo R S L APPEAE o (AoB7)

SIS

# &
7 W

2B IR I VFHEL RFNNFE RS B BMAFANARR AR 2 o Ao Y
e (40RI8)

W 8 & ir B

ot AL B Gowin (1981) #4& & Vee Bl (V Mapping ) > 7 * 4Lk eh
447 - Buzan (1974) P33 7 < 4B (Mind Mapping ) % » *t I fe— K F g * |+
A A R S ITRIA - AR SRR Cus D Bl BT A Ee o i EE R Y
AYTEERRE - LY EARS T ERATE WS IFRIY o @B & Rose &
Nicholl (#* %3 1999) #r#e d1 e B ¥ & Bl A BB T fI* W& ~ 2 F > B35
A5 %L 3N LE :L%—g ML ek IR Lﬂ#;@ﬁ*ma@ W OUERIT A YR e
FORGE AR B

Mg a‘é%ﬂ *M 7R i?i? PR ek s F A e B R RKE N
FER LA ?]ﬁéﬁ%ié.ix’% * o H Y ~ TR MRS ST S PEA W o 4
TR N B ks AP g “ZT‘ TEE T R R Y > L R WA 2

F’*m,g%)“frfag % F] MG j\;_:ri é vy TR ﬁbfﬁf’fu,ﬁ’f#‘@/z % _gmﬁ‘@ﬁ_—\ o

N
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dONPE LRSS F4 5 T A u - BREE S T RAR AR D
B T A ARG H - B R R MR RS FEARFE A
SPELHERZ W A 5 AR LREE S P FEHMAR FEL AR AN p AF R
GEYE A & o j\,{ﬂgz AE D fé”s EaY "‘T Eﬁfﬁﬁ%d LA BELEE 2 chih
B4 TREAFRG AN LFBE L R EER FRERBL
B SERTORN 4 o A4 PG B R R franiEd o L Tt AR E LR
FyHaitieri AROFY 2R (A3 %0 1997) -

BAFT? O REFA R TPEARRM A RS p AT JEBR EA A4
FERF Dk AR g A L o B AT S AT AT R 2 ()
G- H A A R B S AR R BT R R e Al
BARRE T PEL > FAEF AN F e ERR IR0 o Bfl o B s S s
A M IAS G B R RA K TP SR TR AN Ay
B o (4B 9)

¢

T EPEA T BPL ECS L FN
| |

[ [E]Ei][t] |

L o

F vl

-t -

WO ~55 3 chied W ol

223 ¥4 Blan=E

REFLF 7 g2 g Qe Blii =g 2 %?*#ﬁuﬂ’&%ﬂkm &
B P B3 3 572 et A2 2 5% (Bousquet, 1982; Schreiber & Abegg, 1991) » & + %
#icH_iz B Novak & Gowin (1984 ) #74% cfrzb A = % 5 I8 o
Novak & Gowin (1984) % #7% ¢ [ Learning How to Learn | # » #4%24 B4~ + 2
IR gk S AR R i (relationships ) ~ F# % (hierarchies ) ~ < ® ¥ % (cross-links ) ~
B 5| (examples) > @ 2o N F Wik pw BIFP ZER > WA HIT (£ B 1997)
LM f—rd BIE2 Banmoh a3 R &2 F 2 RIS —& » I3 3 i
LA Fm SR BRI A EA > TR ok o
2R —PLER Y AT ERIFA . FE R g K L R RRE UE
BeL B4 L (branch) # % eh2 45 (framework) %3-5 » 5222 § L & Fre A M ik
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PG T 0 o JREFTEFLIGOIR > T 405 THENG, 2182 F5
Bl o

3i&%%—ﬁ&@¥~“%ﬂmﬁ@ﬁ?—w%mﬁaéiﬁ@%fﬁﬁmw%’%
P AR Y R AR AR Rt E R T RA S R ETG LA
gﬂﬁﬁﬂ%’“F”F%ﬂ‘4ﬂ#ﬂﬂ°¢&%w%m“¢i¢£L“ﬁtr%Jéﬁzig
Bofrrl s —BERY 32N B LA o 3l g AP IRE ) B

PR

“_L; ’ E]Jéf‘;i = R
N — L L ffbfgi BB OEsR Y BN Mk F o —Em 84 2
NP PR ML PR Rl R T —
VA IEEEE e R 2 b B G AR B N ] F s A 4
7 e =§ 58 B (Markham, Mintzes & Jones,1994; Moreira, 1979) > & W] 4cif 40T @
SAA—t—BREAEBEZ o F 3L PMAS N K BIET A o ERAL G FEE
i”%ﬁéaEJ%%?ﬁﬁ*%%%ﬁ’ﬂkiﬁﬁiﬁﬁﬁ’$:w%u¢m»
I PARICSR I Bxai0l A

OB fo ALPH 2 &0 TG iR g 2 0 BT SIR A © i £ S
o Bl BATH OB AEPEL S B BT ARG - BIEM Rk A RS RS Rt

ERA

ok SRR A B T R R A A R L P R A R — T B SR P A Bl

T o REGR Y wems S gV p AN a 11 BT 2 PG Bl B e BRI LG Bl
S R L el R I @ﬁ&ﬁ&pﬁ%ﬁﬁiﬁ?ﬁﬁ%ﬁﬁﬁ
o AT RS REAEY AR urn#ﬂﬁ’_ AR 0 FE T F A A Bl W R
AREL > Hg A v s E 7A@ A '—ﬁm(ﬁp{éﬁgloo%) .

- EREEGFE G AR N A F RIS B S L IS L BIEE R
M 2 Bl G g e TR a ARG AR e R P E - B
Boanzg 2 4o fz.l‘z?x/%ﬁégg]? e — BIFE 1 B oo vy H G4 E’Lrgf—:}}%i o B R rﬂ,i}u
BN A AL DL R 0 A F b EREE R ATEKE N § hE 8 (Hyerle,
1996; Kinchin, 2001 ) {2 & &t & BLefde 138 * > QR4 RO RRE LA S A & Quinn,
Mintzes & Laws, 2004) » 3 3 ¥ W B R B ALK T Pl an=g 2 s (£33 % 0 199 ;
Markham et al., 1994; Moreira, 1979 )

2.3 flig?

23.1 gl 4 &

p Guilford**1950# & £ Mo E ¢ @FE R Ty Alig4 > 21 527585 (e §
P E LA DRI E G AR L@ F0 i BATE ~ +kE o (2000) M
ﬁr; A "l—r’\fﬁ;'.ﬁgi

)
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LAplg s et A $o e 4 tna pld - fARY 2 F it o WAL FTTRA N A
EIRG AR TR - AT g 4 T L Al 4 o (Guilford,

2EFRIEMRAFESR A CRABMR PN AFEY F R AT FIp 2 i R
=z E Ak 3 AIRTH B - fAa 4 o (Maslow, 1959)

3.- FAfRAR R ena 4 L RAIEAR G PR R A e A AR (Dewey, 1910) 0 ¥ 455 =
FTENBEIK 0 F Ao igr Y Bko fRA AR 48 4 (Torrance, 1962) o

4-%}%“} LY EARAA LIRS AL R A AAE A L R R i AR
( Dewey,1910; Polya, 1957)

SAIFTICIR AR AT 4 ¢ A SEA|B 4 AT R ¢ dEimd L Hal 4 - 3;3/% Hied %
uFrie 4 (Guilford, 1968) © ]3¢ 4 & - fa% P a4 0 it T A s Vo

H_# * (Torrance, 1964 )
6.— FBAFPARMER [ WE AR AR KARAEDL > - FAADARE
B (Maslow, 1959)
T B S EATORE Thenit 4 D AR E R A 2 ARG b Al BEE AT
%o A4 e & (Parnes, 1966)
8.3 A RN & LT £ lgk%?ﬁ e~ P 2 (L :fﬁnhk oo A ELE LA
L -~ REMZ2EHE M54 2 (Clak, 1983) -
FHrEplgd TR E#EP& cipinw @ar Al A B AR ARG
PR E AT TR~ A S PRl S RS R A BERATE L Y AR 0 RS
AP TR WO RS AL AMTGEE AR o m p e H T E R A EER L
Heplig 4 T F ARG L A REA G BFH] (Rhodes, 1961) 0+ 7&
LS ST
L4 (person): § flig 4 e #78  R AR dod SHAIRA T4 TIA 0 § 0
PLE > %ﬁgg}gnﬁ,g»‘mw ‘{H—i,,\_,‘_‘é; T&xﬁ ...... % o
2.5 #% (process ) : Wallas (1926) #r# 1 eng| g 1 Az » ¥ &~ 5 ¢ B4 8 (preparation) -
Hek ) (incubation) ~ 2% #p (illumination ) 12 % 2 #p (verification )
T BFPAE s A i AeT ol

(1) Fag KEFH - 8L Bashifoarma o
(2) Ry =2 EH *E& CBERTEFE e v AN R R 2 o
(3) &% % ’”*P o0 RR AR T
(4) B @ BHEDSEGEFTR > URELEF

A & (product) : i 4 g5 — P o ARG - IpgE o BB SALE ST ED
A5

4% 8 (place) : Al ek B (& 7 B4R AL ERBE M E 2 (L% ) ¥ kew B
fliderdo s > B AL AEPE DA RET > e fE TR AL o
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232 FriTglid 4 B

(=) Al 4 = i3 (creativity componential model ) :
Amabile (1983) 2404 T - Bk @ 4ldd - fs7H @4 -3 % D
£33 TH EE /i% G '?é Bk AR R RAR AL - Amablle (1983)
éiuyi? i Aflgd 5 =T F A ap b a0 (domain-relevant skills) ~ #1314 4p B
Hoi (creat1v1ty-relevant skills) ™ % 1 i¥## (task motivation) o ¥x 4 if4cT™
(1) AE3A4p M i
é#%ﬁﬁ%%ﬁ‘%i%méiﬁMW$ﬁwwiﬁo&ﬁﬁﬁii%ﬁi%
WITA 4 s A X é‘i‘lﬁfrﬁj'frﬁ% (Efkin ~ MM E F B NdT A koo
(2) £lid 4 AR BE Ly ¢
¢ 7 ity AR £ Z?)r_i% TH REE AEIE R B (R B e paEH R
eSIEIE SN BIPIF MR SUR SR g s 7
(3) 2 ivHh 4% .

FEATHRR HTEFIFEARATFUZE S8 o P2 X FIE D Fenp &
ﬁ;:’”—tﬁsﬁ\&~1§z?ﬂK@Fgﬁjm@}ﬁq\gﬁ'w@a%{ﬁ,ﬁw;ﬁ_‘;\faf PR 3.3 F 8 _g_lzc
Amabile (1983) ehg|id 4 & (> Wbtk S5 L]iE 4 508 + o é,_‘* T 3 E
&ﬁr%%w%ﬁwJﬁk¢%*’*rm%w%mgiw %ﬁ?ﬁ%%i’mwd

KEral g A T Ld 4 qprd B | RAFILLE

Amabile (1996) 55 & 7 STy 28— % 3 1 Alig o= & N > 4o 2 AL g R B
FERFF o w5 PO EFRIALINAEEEREY > L FF R AT L TR iEn
PRFEROABEL > B A RGP LB )F 2 BRI T L

A2 o

(=) Al 4 #F =% (investment theory )
GPLIT P p i 4F BE o A PRARFE I AR R RS g
( Amabile, 1996; Csikszentmihalyi, 1988; Gardner, 1993; Sternberg & Lubart, 1991) » @ £
G hH Y - BRERSL s (AT EE R - BAA T AE B F A PR
(Minsky, 1987) - it #&i,{{;}g % ¥t Sternberg {v Lubart (1995) #tixcrflid 4 HFR
o KALF B kg Al 4 o 0 TR MG R R AR A B TR
é@@%uéu—%w&%@éiﬁﬁ%%£¢ﬁ$?%4’éﬁfﬂﬁsﬁﬁ%’i
Py Rred o UERBLEA LG DT A A4 T IEBIL S S ERE
#AAROBH LA FES BT RS IR AR m“ly&ﬁﬂ‘A’]‘é#’?“r gl
2B o A itdeT !
(1) #ic (intelligence) : #ic £~ fAILfEA4 B 4 > 7 B 4 i AT b ELE:
AR A I REMA I BRI - HEBINETERORTE TR 8 ZFR
FedR e i 4 o

(2) %2 (knowledge) : & 421 N gz2bn Nepdrzh > H Y o N L H 4 hd X

/'
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%

AV Y Feanirilo A A D VATER AR A ARAER Y rE sk 23 L E

3\31

R S L - e

(3) &+ Bk # (thinking style) ::}% BABE AL TS it b AR
AR E :;\*&’u?ﬁﬁ“ﬁy LRI R T A gﬂa&@ CR I I L ]
@—FFB‘?&E ﬁﬁ#/i—& 18 e Voo

(4) 4 f& (personality) © £ F B ' ' 1 th ~ it B RHLGE ~ B p 2 ocil nd i i
@ "ﬂ;@ﬂ Blig 4 b g T Hend A o RIEAER Y R b g R F R
FF

(5) #4 (motivation) © 1 A chA| T3 B N Adepsi 2 b gt o k£ 34 17T o
LU ﬁﬁ"ﬁ&ﬂ?ﬁ* RIS VECRAE

(6) % (environment) : }it 238 '% % B A h% 3 > KA f, i34 S BABBERS
TR R F - BAED G w BTk AR BALADNEF LIRS
‘_E;',.o
MR BAR AT IRRT B E A1 LY AR S L& vt B o TR

%%ﬂ&%?iﬁﬁﬁﬁi’ﬂ%4igﬂﬁﬁéi°

(z) = itk % B ;% (three-pronged systems model ) :
C51kszentm1haly1( 199038 & it T 2R BASN Z DR AFFT A LG8 B A -

ASARB DAY TR RIE A Sz ik RSt 0 2t 2 BAptRS B4
(1nd1v1dual) » 485 (domain) % B (ﬁeld)
(1) BA &3 krep v red p adidss S TN 'Lifﬁm‘«l;l—_ﬁ-'[?‘-gfiéﬁ * N AR
PR ge o~ Fogs s R FomA Hb:!&- ERCR S (- AL e o8~ RIS
gl ey 0 TR AL -8 rff'?' e, > Fla fsfﬂ; 'Tﬁfj'f‘fs“%J m
EBALALPN ’ﬁ_ﬁ%ﬁﬁ’i’*fiféfﬁ’\ﬁé’ﬁ#ﬁikE* CaglEE T T a B

Y =

W o %A % o Csikszentmihalyi (1990) 25 B 4 gl 4 & JF 5 #HFTAE S

(D)4 1 B LA £ ¢ 3 ARG ol PATE B B 0 B A S0 B Y S A
Pio 280 RS AR NITA S BN R e i aBiE FLE TS
i~ (acessible) & T (available) - % & 42 | 3p 8 3%

PR T AR TR F AR TE I RIEARE P s
BRBBAENEFHRY

(3) FFBP AR R BAR TG RN > AALg BRT e FHBASDIR o
Csikszentmihalyi( 1990 )32 5 AE & f 1% 3RIIF T < & & X (gatekeeper),
TP A K EHTAREP ORTASSATRAE AN B L *‘»?i*m%qaai
’]‘E}/T&?Wﬁt'féﬁ' BAargx s F2ZPE o NERSE L L0 ?{EW—«;\_ 3B
F’“/\mié,mufﬁﬁmiﬁ;j\——a?ﬁm}%x#y&g\«'?ﬁ LH DL,
WE PG Faegpldd el e o

T

St
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'l% A (individual)w

®AFR

v

3 (domain ) % o ﬁeld)

L Tean ] 2=y

W 10 Csikszentmihalyi 9= 35 1% & S50 ( Csikszentmihalyi & Wolfe, 2000 )

(z ) A): 4 3 #4H;% (interactive perspective model)
Gardner (1993) % 1 C51kszentm1haly1 mﬁp ARREEF B AR A a0l 3

% L2 | (interactive perspective ) » 7yt I ﬁ:" #1352 (g B 4 (individual ) ~ # 4
(other persons ) fr1 1% (thework) Za F’*m? BB % oo 1 ;ﬁd B Lt?'rﬂr_g v oA
hip g > 2 *Fﬁﬁﬁ#QWXWm?ﬁ Feahf gt = 8 TR YA 4 2 B
Y REBALIES DT A 2RI RAZ R FE G B BERA
hili 4 IR ERIFLoFmF Rl dt st oy > & M1 xFJ AR B
i A ﬁp 4 g R R B R 2 BRI o Gardner (1993) 3 i BRI A 4
Gk FARR LA Al A B AR AR ¢ AR oA Y s g T

TF L AE A m,é.a‘ﬁ”bj\g*“r%lﬁ:é]m s A G E_E A A R H O (FAR
i ‘Lﬁ“m%%sfi’&g % o

2.3.3 4l 4 iplE

B %@fﬂﬂxﬁ%mi’ﬁ B plgd 14 L ame
A OARIR AL 4 OPEE AT S PSR D - BFagery Al B anEE L B
SRR ¢ B PRl AL A T RIEL L o KA ) U950 Guilford
EELE S Yk (Anderson& Sahlin, 1997) » % i if B 4e2 4 @& * i hhlig
ARl RGTE - B A flE A o @ 21996 Torrances g g L 3 Bl B O ks > B2 4)
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1975 1994
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<€ | >
\ _J
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5 ] AN BEI
FhallE R RE Sternberg ! Lubart piipts
AliE R

W1l 22+ 2 3 2 E AR

(=) flig 4 iR enm 4

B flig 4 =g 2 W3 3 U Hocevarsha £ ST EFR G S8 4o it (R
c% & 4ifE 0 1999)
L3FscE 3 p2% (test of divergent thinking )

>+ Guilford (1988) F%gr% %ﬁf;gm sl 0 T ALY | A T
fRip A gl L4 I BiEAR 0 O JFATIEL BT s BELER ﬁ?f:» i e
EE . A E R B R AN R s REF e s
2.8 B #4s ¢ £ (attitude and interest inventory)

425\1'

B Nﬁ?&‘ﬁé&é T AN Al A R Ik e B B BB fI Al LY
BB ¥ AR KRR plig g i e
3.4 $ & 4 (personality inventory )
P BEFPRG B AN RETHLG, DAL T A E2ORE JE =L
PR SEAIE A M REFRT e Re B i e £ gviacd plig 4
g e W FHET L1 EAR {?;ir:‘a;“ SR & 0 ARE .ﬁifﬁ,ﬁv'u;‘i’;ﬁq%lﬂ .y
zzm#..*ﬁémmiﬂ’,?]% v T § AR P E o FEAEA ARE L R

£ B g
4.3z ¥ % (biographical inventory )
A F Y RS R %ﬁ kT d £ 4
PORBRHZFOI a2 7HhATEE LT
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ﬁd FopF L R E 4 mEL;»_b_ fEo k- g MAIR 4 DT 5 ik R A
A ehg Mo Il R LR AR L o
6.% ##% % (peer nominations )
HEFA -y AR Tk A Pr1 b o A LB H 5 2 | » Risd B E
EERE
7.4p éﬁ-ﬁ 3> %_ (supervisor ratings )
i PEpegld Y e mEmgs F O RIRE GBS hf 1 BEDIH
8.2 &2 7%7 (judgment of products )
VLG s R S PRI S R E A 4 AP TR o BB A TR TP R
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9.% 4 # % (eminence )
FHAEFARBE G EARLARDEN AL R H Al S S ALE B s B AT

T iik<m’k&;?§m@%o
10.4]:3 8 & = ‘T*u 2. p 23R 2 (self-reported creativities and achievement )
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Z) B oREEGE
Amabile (1983) # 1 % & 22 (Consensual Assessment Technique, if #CAT )
PO AR AR AL 4 B TR - B RE B RA N T AR
(product-based ) % i Fimen? & 5 1 & zufﬁﬂ BRI iR RO Y- TARA ehATE S
P~ AR R R Hﬁﬁwﬁﬁﬂgﬁﬁmﬂ%oAmmm(w%)i&u
Fbg*ﬂf-‘lly\f, 4 guEk xi"#_%ﬁﬂ\_ﬁ/ d L% ﬁ) 4 mkﬁ.—-\’]‘ﬂ-% j\’I‘L“‘* B e
setp i B R LIR AR o ) ¢ G QIR TR AR A i e & RS 0D

LT LT R WG b G A F B - KA AT RIR 2§ scfhdr - %2
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(1) 324 % ¢ 7 ,iayyﬁ&#prbgt:f‘&ﬁw%ﬁ:

(2) 34 % =R i ie? 2 7 FIH &3

(3) T&EaRTE R IS 5‘:&111 ;
(4) 328 iR 8177 ejp R > 7 205 $HRE
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FEP FOERLARFENT 2L R
(1) FEPd & BZELLH - 7RRD S TRFFEFTA
(2) 78N 7 i BL B F 5 R 7 il R BRTH DF
(3) F=B PN 73327 R J iRk o

Amabile (1983) m% FEREE AE LA P R R RO EFIRT]
BREWEET G AEDOE RSN pE R b AR B S R 0 A
A :‘:;H‘i’?;é"ﬁ EF AR FTREE L P B kA o P R 2R R R
ERA -

Amabile, Teresa, Tighe, & Elizabeth (1993 ) 225 M & F- k=€ £]:8 4 > Zé_é}
FAGE Y TRRH (appropriate observer) » 7 T #7 chp]ig 4 ISR L L K Alid R
Fg 1T iR BRI RAR NS R AL A R EA R L '»mﬁw > Al
BHIER a2 S VR AR AT P MR TR R B iR d B
AHFFLHLIR AR LT ESNDE B 280 p TR - BATOM A o U
Fggd MR AFTEE L g4 ikdp o m B4 7RI+ R0 E REBE G5
o HFFHEE TP &I "ﬁ ( gatekeeper ) i& {734 ( Csikszentmihalyi, 1988 )

i

234 ®piE 4 ud

BAlE S R A R B S A AR S (% dp A2 (Kim,
1990; Sternberg, 1988; Weisberg, 1986) &3t & ZuZ A pLEE » — 44§30 - 35 2 5 4]
SRS SR DL rﬁ%”%ffw*ﬁ%*u Az B¢ A | R
- R R G S LN AL R R L A kAL PR T
Ve A R EART A L TR RE T R AR et

11 (Cross, 1989) » # ¢ #t&%‘? BAl s B R AN o WAl RO
PoofTE Bikfrr e I“’%‘ gt PE B AP ARAE 5 T 2 48 (black box ) £ ¥ (Rowe,
1987) o jiGk3+inpLgh k5 > Cross (1999) &5 3hehi 4 £ 4 sgehA it (natural
intelligence) 2. — > ptiz + X A T RSP FAME - A FP 4 Fp fi'?%gé % gt
W RBEH A KA M EE ORI ARHERY plgE S L F T
LA L& F Eog 4 | (the occurrence of a significant event) > = F 2 T Al (2 EE
(creativeleap) » @ izt en®E 2 ¥ £ 2R I meno o :?{*Ldf]f&f*;gfr JL“}; AER IR
Yoo A Td B AT TR R EARY AF A

20



&
i
s
gt
o+

q\l‘
N
\\‘Q"X"‘_
P
b
\_.

ﬂ*@i&&éﬁﬁ%‘?T’U%Fm% WL R HPEEHERIZ R Al
)T r»Ej E ’5\
TR A AR CEE R R SRR B A AT

3.0 B f %

AR 2T B AR 12

5 & 1] ‘\\

A
m;
B4

W4

Hied ///

SRR

Bl 12 & % % 8
32 5 %

APFFPEAIORERY A EB DL AR RO G R T gt
bliE 80%F o N EBF Y AFREFG - SFOT Mgk URWEF L Y AHET NS
BEO DB RaSEt G kg AR o

AR RF AT 4BFE P A Briad P 5 FIRFLDE 4 > I
BF g2 58] Bt 2 5 g a‘rwf ‘,)ﬁzfrm§41,g o FITE 4 A gkl w
5314304 3343245 212654 od 3374 2 F2 pFo 5Lk | PR

APF BRI B ALY PRI H A IACR BE G — R

21



33 3y 1L

3.3.1 Jf’%,{{f#rﬁf];;l; 5

™2 Novak & Gowin (1984 ) % #7% e [ Learning How to Learn | ¥ #73 F| M 3 %2 4
Be=g 3 5 0 et H @ B aghif (Markham et al,, 1994; Moreira, 1979) » #3+ 4
= —E ji’r;\g_gr.—r :
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4B G|—F B4 BRI b S PR T EAMIRS > Bl — B TS 7}&4 1
e

5L —BBEFRAARIFramAa ot b a2 B 5 - B ool RG]
> o FERSAS > BUILA o

O.M ML frdm il v £ —5 - (IR AINRE M P L & M 05 > B3 Fpet 420 o

KERBE2 Y RERFME FALER T P AR R R T LFA R
&l/(}'%"[ﬂg ,\»J._ng/_; ]:J\;,,t .

(BAMAER R4A8) ~ (REMAR A #) X100 = (X 2L R A #k)

Ed B AT E D At Qﬁtﬁ{%?i ER S LN AR SR A
ﬁ&&’%ﬁﬁiﬁm@@@ﬂw%ﬁﬁ@ﬁﬁiﬂ’ﬂﬁ@w@&vua@—p :

22



>
~

1 1
- ! 1

1 1
p :[—ﬁ,’txb?ﬁié‘ ] [—J@,’ifbff‘{?) ] [._Jw,u*aghw !
5 :
£ A
- 1
- 1
s :
}éi 1

1. B Ghcees bt Lx 8= 8 »
2. 1 Reen oot 5. X 2= 10 ~

3. R B« 10 X 1= 10 ~»

4, B tliee: 50+ I x/ 2= 2 %

SR 30 A&

W 13 ML R4 2 b
3.3.2 Crayon Physics— " 8 ¥ 4~ 32 | ¥%pk

PRFENA T Ve R 2008 Ep SRR L L L A 2009 £ - 7 g b oo
PNk R E RN IR Gnd e > 1 70 B ) B o F esIRRdE t
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(1) % o 2550 17 2 N8 R 7]
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