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Jeng-Yi Tzeng Jui-Hsuan Hung

ABSTRACT

Purpose

In an “innovative thinking” class offered in the school of
engineering, we systematically analyzed how frames manifested
themselves at the layers of press, person, and process while students
were working on projects. We further explored the influence that
adopting four types of frame-breaking thinking—constructionist,
dialectical, analogical, and exploratory thinking—might have on the
way students conducted their projects. We proposed a framework
systematically presenting the Janusian nature of innovative thinking,
which could serve as an exemplar for designing innovation
development courses for engineering students.

Design/methodology/approach

We conducted a qualitative study featuring theme analyses with
theory-driven coding on data (including creative thinking manuals,
term reports, and end-of-semester team interviews) collected from 21
students who took the class. We also administered a questionnaire to
collect students’ opinions on the course and presented the results of
their descriptive statistics.
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Findings/results

Students’ mental calculations determine the meanings of the
frames from the external press. Personal experiences on well-
structured problems could negatively influence the efficacy of solving
ill-structured problems, at least at the beginning of the process. Using
four types of frame-breaking thinking to perturb extant cognitive
schema may produce the innovative tensions that breed creativity. In
addition, descriptive statistics provide evidence for students' approvals
on the course's methods and outcomes.

Originality/value

Exploring the nature of Janusian thinking in innovation by
systematically investigating the nature of the three-layered frames and
the impacts of the four types of frame-breaking thinking presents an
analytical framework and a research angle new to the literature.

Suggestions/implications

Innovation development should be driven by systematic operations
on diverse or opposing ideas in problem-solving situations rather than
activities that manipulate ideas in context-free scenarios.

Keywords: engineering education, box-breaking thinking,
creativity, constructionist thinking, dialectical
thinking, analogical thinking, exploratory thinking



ERHEEWRET H=1% %8 202243  HO085-117
Contemporary Educational Research Quarterly Vol. 30, No. 1

=T

T2 & — 1 DLl = g vk [ 8 79 F % (Burghardt, 1995; Mitchell,
1998) - {HITAZEE HALE BRI B GAI IR E R o TR ek B2
TREHE RER ARSI - (HEEUEE SR (LAYERE (RE TR
AR ER R BB AR G HHRARE Bl pE ~ BoK T REHEMEGR |, MELRIE - 1
RHERLE P SRR TR T A ~ DU B T BN BB RIS ) FER A T fide i EE DA
TERRIZ B A T R R F R R - ST 2 2 AR E AR %P
Hebs 2 gl5E S ysEF (Cropley, 2015a; Kazerounian & Foley, 2007 ) » [
TAEEREBAERMZ ARG - R E R MTRE AR EEREFRZ— (Cropley,
2015b) -

— TS - BllE ST AT R 2 — T OREHE EAE L YR B (Dingli,
2009) - HHETH REIE 2R 5 2 R B A ] — S m) S YRR R BR
W& (200 de Bono, 1992) -+ 2zt EHEE M DUZE B ar U RE T~  SRIE T2
TEHE SR TR R R HERR NG 2 DLEg R TAZ P38 Z AR R R IRE ST - —
4 Sawyer (2006) FirE » BlE A T A HEARRT E /Y O ETEE) - e E
A—fEENERLEREST - R— RS - F W R HEF 2K Ui
S SIGRH AR T R — TR A H O SRS E RS R (08 (conscious mind ) -
R LEAENS - S E R, - JFE R H R EAERHE -
BAEAERERRE RS - [ ABEE (METRE) - BERERE - DURR
HE=NRFEELZOER > DIELERSE - AR - DU 1%
B 2 L REFE HL S B (Cropley & Cropley, 2010; Plucker, Beghetto, &
Dow, 2004 ) - Hr - TR - REEFEFZAEF]#22 (5, Richards, 1999;
Runco, 2007 ) B 77 B gk S i 2 1 ok Ry T BI5E S TERE 5 (creative
potential ) (Runco, 2007) - [&RERIFEE L EISE ) B AY T B2 -
BRIEL » TERR 2= BB TR AN (AT S FR BR b e i B PR A AR | AR B2 AR U RIS 7.0
B DTG AIS JITERE - RIS ST B R R A AR R SE I RE - H
AT A 51 2 DA AN #R 2 2RF MR ANE D 9 T B BaRSE - (HEIE TG Bhan A
TR R EAERIIAE - BCRATEAE - FELS (38 T AR O NS B E R R 5
TESCHRF T2 T S -

Ry TEEEANTRRAE S - LA RS TR 7 —F "AIE
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SIEE -~ dtEHE - TRZAE D BERE A R IER - D PI T ER B AR S AR s B

e ) BRIE - FERLERAED - FETESIKIG1F - S F DU R RHE RS e 5 [ 35 B2
AAERTE Rz 5 HREHERIR - DB sk B AR B E R o -
AT AR Ry (5 - T ZEER IR ER LT =\ - Wi
BN —ERH NG TREALE ) AR LR, - (FRAE TRRAE
TR 2% -

— A TERR G TR B TR - S EL T RIS B AR T IR AR
A e

T FRTEESITT  BAERE  17h % B S P Y
HEZE DR BOHE FERERE ] - A AllE ) 2 e S A (Janusian
thinking, Rothenberg, 1971 ) HYAE FEETH BT IR Bl = FEAERYBEH -

= FET B AR A B B T H T AR -

&~ HFIERIEERAESR

BlE NfERE LERREASNRNAERERE —2EEER
(Rationalism ) —fH{EEE /120 AR ER, ~ & Bl M AT E & -
H—2 8 ¥ (Romanticism ) — (5 Bll5E 7 4B 7€ 7 F B 4 B 4 2 35
ARREFR B oK - R EE R T RE g TS IR ES (Sawyer,
2006) o ZFHFELMEE  AIER2EE N EARER - BEZ
Bl B F R R T E R - BB R B E - it
H R T AT S B - AR R AR S # AE 4 ZE (Haught-Tromp,
2017) < KT - HLAVEHEN B RETREE IS - M AZREMZBE T - &4
JEE B R F AE RR BA REBR PR AURR 7 ~ 53~ mIREME e tE e &
& HVEERIRE (Onarheim, 2012) - [FIEHY » BlE J7th R U2 O 28 40 B
EEELE - HE M A EE RG] T R B R B R 2
HIREHT T (Hatchuel & Chen, 2017) - 35 fd 5 a3 [ B Rk M — TR & /Y
#EHAIEAIE (Titchen & McCormack, 2010) -+ ¥f#% & T2 FromE Ay DI REME
A7 (functional creativity) HEEIER - A AIENELKE TR T EE
BrartEz s - BAEEF L EE S (Kaufiman & Sternberg, 2007 )« FH
It - Frar HAERCZAE (Cropley & Cropley, 2010) AL AIMEAG Y EE
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SRR ZIRHERA (BIHESE) BURREEEEZRAY - —4 Onarheim (2012) f5H -
TFRIRHIELAE 2 MR R R E TS et E e B E 2 - R0 » SUR
— R R AR B M AERRE - MEERIREA T BRI E
WFFEETR - S AT B PR 2 R A BA AR L 5 M1~ 8 (Hatchuel & Chen,
2017; Onarheim, 2012 ) -

fR#E Onarheim (2012) HYEF @ &EHRHEE " BRI EEE - F
B RESECIN AT DM - DURE L FEE - FE - ReS B m] DAROR B SN EL
WRERE (H324) - HRCREREE BEEERE R E N T ET »
PR LB ol b TR EE 2Ry 2 (Stacey & Eckert, 2010) © Google
EEEK T EIE RS (creativity loves constraints ) | %15 SLIER AT FALZ
— (Walker, 2011 ) - Haught-Tromp (2017) 5&:f > [ H 58 78 v 61 B R
’E IRy PREHE B B PR R H AR o MhAY sk R B KRB ER (the green eggs
and ham hypotheses ) '+ DU BiiAM@40=0A1ET (Radjou, et al., 2012) ZAHRE
WoE s e - EIREL R E AR & a5 A MR — R R AR -
DA oL B 8 R 3k A R SR R Wi 2 PR AR B (A BT s = 2RI » PRI & [H
WEAl3E 77 (Stokes, 2008 ) - Salter Eil Gann (2003 ) ZEHRE PR ~ NFFR
E ~ AT H RGO A IS e Y I T RE ) Er BH BRI gTa T8 R » Tk
PRt g (ANEEE - FERAITER - BAAEEE ) ATk N B9 NERR G
REGENHA AR E (Haught-Tromp, 2017) -

o b o BT RREIEG ST AE REHERY PR TR S T R P AR S Z HEZR A 1R
B e RO EERET - 17 R SRR FTIE R AlE I T RE (Runco, 2007 ) {#
RIS JTHESER FEZARIR - RN - E SR AR e BT A b

(Konishi, et al., 2015) - {fij:5 LLAIERHIE R K A CIEINE - IEMME: - 15
P DIRCHIERE - fiHEE - Bt - EHEERS S EEZ B RA -
— ~ JMgE

i 222 [l v R YNBEHEE N FE AT, ( Cleeremans, et al., 2019) - {H
EE e i B VNN ER B ER 28 A8 B (Reber, 1993 ) G A BN ESEEHE

1 8 Dr. Seuss fJ{E# Theodore Geisel -7 H R AYPREL - DIEE#E (7 AR 50 (F (8¢
FOR) FEHIGHEESEY) TR EE KR, -
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SIEE -~ dtEHE - TRZAE D BERE A R IER - D PI T ER B AR S AR s B

EHEINERGRARERNEE) - e D ERB S —IMNERIFR A 2 E R H R L5
FIFTAR Koz RSN ELFET (Polanyi, 1969 ) - i UM DA PIFE K1 GR L 3%
BRI -

Z - EfE

AR AHAE By E & (truth) ) 24 72 H A1 (Hawking & Mlodinow,
2011) - ARMMERRCEE HBE i - B —55E 5 HERE R -~ 5t
BASHE L AR HEE IR MR T IEMEAIRS o - S EMEE IR I E B K
(games of truth, Keller & Keller, 2011 ) “NMEFH(LE 2 IO HE A - il
FAMEE DU 5258 SE 3R B 15 H FE AR A0 mD B 1 oM 70 ~ i A B 38k i 3
(de Sousa Santos, 2009 ) -

=15

AP S T 1S R R B B S S 2 8 - BB M ) R SR Bt
BRI RTREEE S (Gentner, et al., 2009) < SEFETEEHIFL (Whitehead,
1929) WyHIG » NERRKEE ERZ RFFEHAES ~ FIFA S HIFEHE
B~ BRANERAIE R E (Renkl, Mandl, & Gruber, 1996) » NE[RHHEZE )
E{E - WERALE AR R R SRy 3 ML (Jamrozik & Gentner,
2020) -

s 2

Piaget (1964 ) fEHEE DIFEMLEA - DIZERE A —EE 2R A -
BEIE SR TE R A S TR DARS 8 M DR AS (L R 3 R B A R M RR 2
b o SRR M TR 2 B G AR MBS AIER SR AR A - 5 HEE [E L AL E <7
PEAE FRHIRM - i i EZent T B A ) RS A R R ) R A HE R R
KA TIREEE CAHIRYRE ST » RIRAIEF TR R — i - TR/ FHES
FK R B [t B e VR A& (Christensen, et al., 2008 )«

Rothenberg (1971) FEHIAIE 75 H RE[FIRFEE & Mt 8 B3 A e (1
S AR BB S A & B 152 o LA Janusian thinking ZFERBAI3E J75E
a2 e IR A - DIt - 8 13l POfdE A S5k & R A
B (HIRRAEMESS) MG RN » BT ELERA] - 8 Lo/ AH B
B RIS RS B s B AR - REAE A AISE TP TR R R MR ST B AR 1)
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(Nag et al., 2003; Runco, 1994) - [ R AAE EHESR HEATRRAYBER EBIRE -

2~ IRAERE A

— AR F R R B DAY R E S RGBSR MR I HESE -
(522 DL b E2 A 2 FEUE ( constructionist thinking, Papert, 1991) 2K {E
TR B S I AR A AZ IR B & - SR » B HIERE 2Tl M BIREER T 3=
TREEE T B 0 Eree e (dialectical thinking, Basseches, 1984 ) %ff 4
HIFAE VTR DS - B2 TR, DUBRER ZHEE T
% o [HERERHIER T TR R R 22 R IRAV R IR A AZ B G RORy T ¥ A%
o MR R RE R BASEAE R RE LA AT B T S E I Al S RIS - S PR
#£ (analogical thinking, Gentner, et al., 2009 ) [LEAHRBHZEP] - ATZEmE B A A
BAVIENE - FEEEAYR R L R R R H BT ECR R R R, - Atk - B
o H B E R R e T R R P BB R (2 BB RTE - 3258
BEEZZEHE (exploratory thinking, Malekpour et al., 2016 ) DIANE] =0 & H
ARHRR - SHAEHATE ORI BHE - A RETE S 2 Ty A B BE PR IR B
P s E B AIRRE o DU E— A0 liE VU REHERY P

— EEREH

Papert (1991) (9 B fé & 1 2 3R 79 © il 3% ©h 22 % leaming by
making | - {1370 S 5 2 R A0 O L M M A 5 ]
S L T B3t 1 - SERE T BRI B IR B B B B IR IR 138
S P B R P 1 3% (Anderson, 1983 )+ {3 Hi S22 3t (5 BERE 85 7
(bricolage) + SEAIGTF h#bt UT B ML FTAL B - Wbt M i a0 75
S R R B R BB RS - BB SO 55 SR TR
BURTRAG— 5053 » TigE—FEER - BT S - R e A S e
PRI FES » TRIESRE R T B AR BRI - BRTRESR
(Turkle & Papert, 1991) = iELEET{ + SARBIRIBRRT A L AOPIRBAIER, - 4E
RN R R R AT - BN R R T B
HRTT B A R B -

R EHEERREEEEEER  MERERTH
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SIEE -~ dtEHE - TRZAE D BERE A R IER - D PI T ER B AR S AR s B

BETRRECHAEIARE  BEREEEENRTE - RS R EEER
[FIEIR AR B B LM A R - MERREBEEEE R NE (Harel & Papert,
1991; Kynigos, 2015) - H §ij35 T 50 7 & i Bl P B 2l =X A B (022 28 R
= FHE M S T b Ry B A IRy T S B SE - DASSOHA DU FE R B
BRIEN T EEEFRE R ARZEEGRIEN (Griffin, 2019; Sacristan,
etal.,2018) -

T BRI

Popper (1994) 580K » FrE %1% E0 2R - " B, 2k
HIARRE o FRAMHE B AN E N B T RE RS (B UG IR - A RERWmE L E A -
FiRs B R N B DA MIGmRs 22 it T IEAE | Prak NRURRE - FEDIERE DUE
WEHTE o B AL B B R SR » 1 BLFERZ B FR - BI5E 1 H % U AR (Yang &
Wan, 2010) - FREEEMEE NN ENEEEEZEY - MEFEYRE

PR T LUESFR (Basseches, 1984 ) o A2 At RERF i Z R F A8
AR RS 2  EAE 0 H R BRI E RN 2N - T2ES
SESRENBHZEIKEE (Benack, et al., 1989; Yan & Arlin, 1999) - frll g
HMEREARIEE DUR E I EEERES - (EE BB 2R EYFFE2(LAE -
SN i AL 175 45 4 L B R REL PR T B R B - DAEAERE SR 5 [m) - HeE 2R
TR FTREME (Benack, et al.,1989; Paletz & Peng, 2009 ) -

TEEG L SHEEEETHYEERTE s EREIMFE 2L TER
HIVE 7 B B2 AR B B o SR B Y PR AR Al A RS RS M 28 - & E Rt
FEEFRSE (Jehn & Mannix, 2001) ~ BERMAE A ~ BT aREER - 20fE
FHIAEE (Harrison & Bramson, 1984 ) SE5EHE - BLEEER MERYETL - 18
PO [EIARR o B B [ A3 B AS U DA TR B 1 W e B 26 A [
AR [ H & 2285 - M AR SR ZRE (Guignard & Lubart, 2006;
Jarupathirun & Zahedi, 2007 ) -

=~ HLEEHE
BB E RN E S VBB ERER - hREK DG
e T A DR T REL T R B T SRR S By - B RS B B A AR LR A
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POEIAIRZ L » T E AR i B g A e (2 ¥ LE A (Gentner, et al., 2009;
Voskoglou & Salem, 2014 )« &2 {1 BT A < 1575 58 1 ELH AR (U A
% FELURHA AT R R B AL B AL - I3 s b M AT R
fH I FEFE (Vosniadou, 1995) - Gick B Holyoak (1980) AYHFFEfsH, » &
A ERYEIEL - AP R] DUEAS R A (B BAE E RS RS R AHBA = 0 - 15
FFTHHEEESERNFER - ME L - EREERET B — "% A Rk
8 EE A AR FRATENE - DURh Rk M AR A (Vosniadou,
1995) - Rt EERTFEEE IR (Cubukeu & Cetintahra, 2010) -

BB S - DUEE SO R ¥ TR 2 a3 ot B 328 1 FH Y SR -
PR RREH R E R RET . (Goel & Craw, 2006) - {EHEH] 14 kg i AH R HiT
Bl B SR E B D) SR - BIRE H B AR T B AT HAR - B
H e s La e TR DURE e et R 2 R, - BaatEHNER - 57%
BFHHIIE bt 2 ME A =0 £ /Y (Watson & Perera,1997) - [tk » ¥ EL
R KRR B SENEE - IwAER - R EE - DU S gy
THER B 5 fa M R AR A A - G0 TR SHIECE A e ok TE B 3 a
(Klein, 1987 ) » #&EH M ERTER /A FRIAI (Gregan-Paxton & Cote,
2000) - EZ - HELEHENEREIOE SR EZ O LA FE - et
H ISR R TR E RIAZK -

F BREREHE

N R FRRE R S - L3 T 57 A 0 o tha TR S 9 2 R R Rk A PR
(Riley & Shapiro, 1990) - BEERERERFIRF LB 2 FRE BUE R 2 75
PRA#T.Z 5N (Lubart & Besangon, 2017) - &N [F] /5 [ABH #45 HI iR BEE 2 1
HEZRAY S5 B TR - RE LB B Rt DL — R B 5 A R R RATE B
(Malekpour, et al., 2016) » HAYTER IS G0 E DAk Hi e (A B B o
(Lerner & Tetlock, 2003 ) - #25 .2 » SLAVE#ER H CREFIEE 5 - B
ARG SMIE SR RO R Al REME - ARIREAES HIE sk e r et
HIESR - WAEE R IEE F R A8 G B - FE W S O
R (R E e A I B AT Y T 5 -

R Y — i B Rl G R R A ERR AT (R S B TR
BN - BMAFTE RS BN RS s R ET AT R
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MIEE - PEEE : TARASE ) ERE DA R IR OIER « DI T Al B ARTE R Ol

E ERERR SRS - DU E B AR FIR (DeCaro & Rittle-Johnson,
2012) - Njoo (1994) FRBPERMEENMATELE (1) REMAR—ER-
REZERA - FEREBHEE R RN - FE DA BN (A B9 RNE80IRRE - DUE A8
FriEE (2) B —EEFEH - et A e B ROk
DU PR e 3R R B2 R DA (3) B ER 7 —i il 7y Bl Vi el £ 7
TERE R R EEEA - BRI R RO E = (A - diSessa A
(1995) AUfEHIZRH SR EAMERIRCR - FERETHEESEH AN E
B NIREFERERK  BERE ZLITNMER - DUGEEE TR %
SR ETHVEREE B AR A H R -

LR R R R S IS E R - PR 22 s - BiiAS
e S EI A o 38 o pE R EE AR AR A A RE S HAR SHIRRE 2 [ T B (L
e 7 m B 22 - M S HE R S B A HERIRAE - RAE S i B R A —#E
FE7 [ Bl iy 2@ rh oA (L AR DR R RE BT RE 1S » R N — IR (P2 I HUHTRESE
1B T R B AR R AE ZE R TE R B T HE AR B E R B AR - st ELA
3& )2 e E s R BHERYAVE (Janusian thinking, Rothenberg, 1971) -+ H[I
TEHTFRAY 2 HE A » 18254 S B AR S R R 1V 380 T TR S HH SR R IR R I
HIRE T » SETE ST S S M ] R B A AR AE - thm] 23R A%
fm b e

EFT T AIERERE ) AR R A R - B SR A ERTE
Pt A EE PR PO i L HEE S5 e A DR TR Y 7 o B B S R 22 - T R
BB IR o ARWFIERR T iR E ST ERPE A - 2 BLELTT
EE AT S S R HEBH R AR - 1RAIE T2 7o SOk i R A
BRE - R — (O HE LB 2 [hI [ IR HE 2R PRET S8 i 2 R o o HL B FE e L
Z BABRIERY 3 A 280 - (EREIE T BRI R E R 2 E R -

£2~ MIRT37A
o T HRER A T E IS AT AR GIMESE - R OAARRIEREGH (T
Bt (955 AN 2R AR DR TR - AR e SR B AT B EHE T (R
T o IR EFER - WEHERRE AT/ NH R - i A
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"SRRI, (Boyatzis, 1998) TR - URIEERS » 100
R T B A B SRR R B S -

—  FRENA

TEIEEHE  FRAE R LB UE AN FSR AT LA B R 5 A %2
o EMEREISEA TSR  AIEMEHIER - DU RS HIS
EGERIRE] (FREEAR) - o RErbHR - BREDUVNE & ERME S
R 3\ - AlARER A=A A DR ] R s S P A R AR BIE T

(—) REAE

AR PR —FRIE RN - (FRREr 2 LA ERBER - BRZ
TR AR B E R - DU ARG ARSI - BRREE 21 205 5
T S MIERET BT - 2 1R 18 SEFRE N A HANS I EHEE A » &
T 10 EERERAE S HE M - FPoHEUEOERE SR - FE
Hif - BEAEEMTMHEE S - B 5 ARRBETHLFRIRELL - ASCrh 5 #8Y
TEEHE S B DMEfeR (R2) -

%1 PRI A S B A

R/ TE &S] EHEE A BLES) Z2HAR
1 AR TRE - ATEENE T ol TARCPAIE / BOHE B E ) - AT AT TEEHT
2 TRESRIS— ¢ ARG e S Y =M
3 R
4 TR - SRR PRI HES T HIZEET
5 TR = - SEEEERET R TR TEEHT
6 TRESHIRIY ¢ BRG] B REERT
7-9  SpRAEEH - HETIEE Al BUHERPE R AEE v EHl
10 i [BECE BIEERAl
11-17 - SRR BlhfEs Al a o B U R E EIEEEZE

18 JIRECR ISR ~ MOCHR R SRR ST - 5k s FrEBE - BiRAE
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*2 B A - HEEMMIEEHE

A1 fHE B EER=ES Gl
A HRIA - IRE R R SR Rl E IR =EH
B B0~ B -~ B B1% 3D FHYLOE WA
C BREE  BUE - PR - BRE I EEESE= TRl
D FEFR T FRE EBEuiiE BT
E T EEL B EE BIPRA RS EEAT

(=) #E2EH
AR T S AT P PO R RAE RS e 5 [P ER A JE 2 B S B 7 TRt

T

EREEHE - BT MEEAERES > B2 TERT, B TRT

®E ) ZOEWH - PR Tk - — A AR BB A o
SEMOGE > SRR ERE TR RS T Z AT
PEEAFRE] - AT EE AR RS R R i T R R H M R 2 B IN
REERHT ATRENE » fE PR ER B BE TP s P SR R B 1 (B S R R
CAESREEE) REER T (RIARREENmMRIERE)
TEREEE) 5 B IR R B /R AE ) -

2. FRrEEEE ¢ 5 PR AR fR SRR TR vl RE 1A i Ay B A 3 2 T RE M A

& WIEEM AN E NESHWEKIIBE - (8 Bk ESE
[y Bamag - /Nl B8 iR R - BUH A BkEL - B DISORENL
AR EE - TENREE A R E) S E R - 3D
ZEREE RS PRI LR AT 1T P B 2 [RVE 1 A Y E % (group mind,
Cooley, et al, 2017) » DIKERBEZETES (Merton, 1968 ) A
B

3. HLLEE - R EEEENN - s IER AN A RBIEEE

WERE - BEREMHRRE AL O S LU R R I K B i Rl T
KRR - DA TS - B Y12 E BRI TRk - 56
MHBRE SREIE L - o3 i 2 SRR R IR 5 2 TR A 2 [R] - =4k n]
Lk ¥t E S P 8 FRVAHUE SRR - sRDARRe Rl &R By - f2 it
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