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Abstract

“Creativity" is an important ability in landscape design. During landscape design
process, there are different stages of thinking. Divergent thinking process is the most
important stage during the development of the concept. Therefore, this study focuses on
the process of divergent thinking. It propose an experimental design, which is more
real-life situation, so that the participants can actual doing design in the fMRI scanning
process. According to our finding, that the design process compared to just depict an
existing plan activate left middle frontal gyrus (left prefrontal cortex). It is correspond to
Geol’s (2014) “Frontal Lobe Lateralization Hypothesis™ that landscape design

refinement and detailing stage are related to left prefrontal cortex.

Keywords: Landscape design, creativity, divergent thinking, prefrontal cortex,

functional magnetic resonance imaging (fMRI)
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BSAR FENRRFE L TP EINEE > RFHRFEF EIMRIGRE Y &
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AT G 1 205 30 kP iR D AR A PR A BB 2 L
Ao ARG (EHEEE) AR FEN R IR ERIIBIE R B
FRL  FALFREAPFFRFALI & EFFAFF - THIE > I &
Rkg R A &R

£ IMRIKESH% 2B LB NZ PP FHF 80 P 525 EH T
- PRSI YRR LT

(1) 20 fi~30 ek - ApME AL A F FenF 2 0 PR~ IR R A

(2) = plE F xR 2 2ef 3L 7

(B) A4 ZFA D F 2 FTIERLS BB

(4) B3 2F %I G N EAR L FARERY

(5) B4 it F A A R ¢

(6) HpRFIE XA EH(ErHE ~ LM G R)

(7) WPARG~EAFESNE g r 2 B E

8) Mpiy ER R EH(Hr? 2B

) #1itd Al FRGH LIRS LERD P ith @]

FRipFrgd dit L 2N PRa & Ay 42428 (D) &
15EFFLE  RFLHEE T BIRLESTHRIE S BATREF LY
B TR f O EJIE R TR AL S8 F p IR B (e

)5 (2 FakE 2L > i bk w 48 fMRIF % (4= )5 (3) W
BN L (e ) ERARALFEE Y RT ERUS TRERL S
7
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= F R

(- ) fMRI ¥ 2% 2+

F o i {7 4 45 (anatomical image) 4 £ 34 {7 # & 12.4F 4 (functional

Image) I ’h&-r}*ﬂ?*‘— g B3 45 kg IREF G ?%2'/%‘\’ Aot Pvébﬁ;»?%?;{ﬁ'%
PREGEREE S LA R e R s e

X RENT A o SR K LE ¢ w A pF i (echo time, TE) = 103 ms - & 47 B
(repetition time, TR) =9530 ms » & & (flipangle) 5 150 & » & =X F % 4F s R ¥ =
45 3k (slices) » 477 (field of view, FOV) 5 192x192 mm? » x-y voxel size 5 0.66x0.5
mm? > 4 B A 3mm; ## i 4R K . TE=30ms » TR=3000ms > & A& (flip
angle) = 90 & - 475 (field of view, FOV) 5 192x192 mm? » matrix size 64x64x45
mm? > 85 15f2+7 & voxel size 5 3x3x3mm’ s B g B N A d T R B
#x (bottom-up, interleaved) -

BB L T 2 F Bkt (block design) 0 A G S #(run)iE 7 F skAE R 0 1€ -
P B R A A 10 A4 o F %R 54 Shahetal (2013):0 T 43
ARG E e AR RIS ZFRREY LIF A DA BN FRERY €
IS PRI RRA(FFRYEIRES ) ZARG - FRT 6 BT BIRY
Feote it B R8¢ (Reading condition) » i'ff?%%%” Bdy WAL F5 % 00 T 5 B (Copying
condition) ; Rl B (F & * £ld 4 ) Z ARy - B wRHBT  BHRFEN- R
L7 & (Brainstorming condition) > i REF1 AAIFT TR FE NIRRT T
i 7% (Creative Drawing condition) - — =3 Z%4F+a PFRF 5 558 ) » & 7 4 B ip|% »
% i condition # 4 60 §) - = B ¥ % ‘/;}k?ﬁ € s B R o 5 ¥ A order
effect » = #55F % condition ! 38 5 5 counterbalancing - # ABAB BABA &

BABAABAB (*téx7 )
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fMRI 5 %42 % L &) 3-5 ¢

Conditions per runs:

A Viewing Copying B Brainstorming Creativity Drawing

e P - o

welcome + > 4o w/ (7 NLT
- f 2 AR 4o - d G
< (4 [ N c
>
6s 3s 12s 6s 60s 6s 60s 6s 60s 6s 60s 6s
A Viewing Copying B Brainstorming Creativity Drawing

4% || 45
Q QE QO

‘ m% ¥

<

5
60s 6s 60s 6s 60s 6s 60s 3s 6s  Total 5585 (9.3min)/run.

After rest, continue run 2.
B 3-5 ~ fRMI § 2% i~ 42 8

(=) R & gcs

N

#3 o BT 6 B2~ p From concept to Form: In Landscape Design 3 # » %

X S mE o B

BEGYBRA AP PRG  HRED N S BTFS G
fMRI ¥ £ F SHEL g4 7 § 57 F % -
FEBAFELERST LR F 10452 AL Y RFE L IRKRE
BRAG D a2 117 A R SR RAET > BLREFL- BREIP >
AP N B LW BRI 4 IR BRI AR 0 0 G R E R EE R

B (cs o AN S P RHBFEd S BAPREEEE > SR A (%0
% 3-1)-
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Br o BRE LG A

- ~fMRI FH 4 47

fMRI 5 2% i * 4 7 #5048 5 Statistical Parametric Mapping version 8 (SPM 8;
Wellcome Department of Imaging Neuroscience, London, UK) » % & & MATLAB ~
HiF o A1 2 s ARBIREFT I RILE > REFRHF AT B A el

2 A SR - AR ERAT O PN ARGFRIARTH I ERALF R

I~

Y

HG T o A% & SPM 8 B chitat 5 % o 7 2 xjview 8.4 SR 4R & B I > 04 ] i

C

F3 N RATRRAL B BOLRERR > T EEAZ LR RRDEE TR

(W 37)-

Slice timing

Realign
1st-level
analysis Xjview

Coregister
fMRI data

brainregion

Segment 2nd-level figure
analysis

Brain image

il

Smooth

Processing Analysis

B 3-7 ~ fMRI R 4 47 4 3¢

d fIMRIZ~E@ Rl > L &8 F & SBEN v /JdZ2 4172 —’aﬁ;,% »

EIFE B ERGEE o S madk (T 5}?;3-3&'&\7"‘ °

(- ) #H
d fMRI (7 3] 08 7 4+ F 1eTok * 1 DICOM Hh% » % B 454 47

2 4] % SPM #4240 0B 0 of B4 47 NIFTI A% % 42 30
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(= ) # =32 (processing)
W JL ¢ 7 5 38 - slice timing ~ realign ~ coregister ~ segment ~ normalize
% smooth » B 2 B chart i A 4o T o
(1) Slice timing
d 3B B - B 4 (volume)F & 7 F 34 (TR=3) » #»r 1 H F &
T volume f ihd 27 g B A AP B, 3%y a P LEr kb
PFREEEA A » §F TRARE > BB % - SB35 (8- %R o P L ek £ o
A FFGIFE N ERIAHEF o FR AR RRBE > T & 12 slice
timing o4& > 5% 5 35 volume #2 & *» 5 ﬁfs*f.% Pl - F e FRE-
(2) Realign
5?1.‘/%@1“73”5»3?%'“ » F L F kAR I EFEEH > M7 e P R BL ¢
PR = A 2L 0 T R 5 realign # F¢ kX xyz b4 (translation)
foig & (rotation) (] 3-8) < 1345 SPM » ¥ &< chfs &> §= Fl & +/—5mm > $
FEG /5K FEHEEALELFR ML EFTHREI B AT

translation
05 v

% franslation V'{W\/\b\(\%\/‘" v\k_

05 r-\'ll .
¥ franslation
z translation
-1 L 1
0 50 100 150 200
image
rotation
1 .
pitch
roll
. 05T yaw .
b
b A
0 ""\{:‘ ol B
_05 1 1 1
0 50 100 150 200
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(3) Coregister
PR GE e d N R G R F o BB E BRSO
A) 0 APESTGHER AR oo FIN T R A cha G o SRR i e .
(4) Segment
& ey R Far o YR R e
(5) Normalize
A SIS AR 0 F R RR A PR RR G Y o A R A A R
F RS .
(6) Smooth
T Fhd R s G UBLE R R B R RN DL BRL

é@tl‘ﬁﬂffﬁiﬁ,ﬁ X% SRIVET IR - RIS PR Aok S

(=) A3t rds
o 8 ) g BT AL enE B ovoxel o LR E AR T FinAiFE P MRI
1 BOLD (blood oxygenation level dependent):t 5L 8 F 5 £ £ i 3| s endg ¥
Hoo A 5 B 4 A 47 (1%-level analysis) 348 4 47 (2"-level analysis) » & #-% i3 < jp]
H O IMRI TR 4 247 ZE & T PR ir T R A L0 oG Rl

ik G FHAA T 85 AT R R i A R AE B -
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Fed PR R

Boo & AL

FrEE2 BHEA AP 144 > FHI104 0 Tr0ER 2329 K (81

=1.73) 0 £ B FRE L9 PPE R TI05 417 & (R L=1.97) 0 #1} X EF

b
‘*’#i%

1

Y L
[

£

- ~ & 121 4P| (Sanity check)

AT TR R A AT L AR R AT

Wi

FEE TR F RS RSy B L8 g AR o AT

Supplementary
motor cortex
Premotor Primary

cortex motor cortex

B 4-1 ~ # 1¥4p B &% % (motor cortex)

(https://classconnection.s3.amazonaws.com/284/flashcards/1920284/jpg/picture21349572062989.jpg)
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(-) FUEEA%F To WML %HF LB
11 p-value<0.05 2 & ¥ -k # 4 < (FEW corrected, number of voxels >20) g @ &
BERF To B2 %wHF AR Siod 412 Fl4-20 A8 A4 F LR

= ¥ # @ v (Left Precentral Gyrus) (®14-3) % 245 #|1 @A H > 2 2 254

F e =E(XY,Z2)  t  Peyg  Number
of voxels
(L) Precentral Gyrus -32 -18 50 1540 0.000 5100
(R) Cerebellum Anterior Lobe 14 -52 -16 14.72  0.000 2393
(L) Inferior Frontal Gyrus -56 8 24 1210 0.000 463
(R) Inferior Frontal Gyrus 56 8 26 10.63 0.000 306
(R) Superior Parietal Lobule 18 -56 60 10.29  0.000 1430
(BA7)
(R) Frontal Lobe Sub-Gyral 24 -2 54 9.64 0.000 238
(L) Precentral Gyrus -48 4 6 738 0.003 25
(BA6)
(L) Inferior Temporal Gyrus -48 -68 -2 7.13 0.006 98
(BA37)
(R) Middle Temporal Gyrus 52 -58 -6 6.80 0.010 50
(BA37)
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(=) BAEFRBIBRRIBZN®F BLE
11 p-value<0.05 2 & ¥ -k # 4 < (FEW corrected, number of voxels >20) @ &
FREREEEA BN TEF RLE RS dod 4-2 2 B 445 ¢ & 5 v (Precentral
Gyrus)fa® 5 A2 1 (Bl 4-5) P R AFFABEBHDRE ¥ L 20E 2

DR ETEE RS L E R s AL R T

Cerebellum Posterior Lobe 5 /| %% » 228 & 3415 M > FH AR LS mF rpgd
LEERRUFFFDTHLE -~ PARRPRET R FRFRF LR

”

PR SR gy n T A TR TR T P AT L R AL -

W e 47 -

2042 HHE BRI FIES L5

F s =% (XY 2) t Prwe  NUmber

of voxels

(R) Cerebellum Anterior Lobe 6 -66 -16 15.65 0.000 4443

(L) Precentral Gyrus -30 -24 58 1554  0.000 8190

(R) Inferior Frontal Gyrus 56 8 26 1469 0.000 653

(R) Precuneus 16 -56 58 1257  0.000 1723

(R) Middle Occipital Gyrus 50 -58 -8 946 0.000 682
(BA19)

(L) Middle Occipital Gyrus -44  -70 0 876 0.000 245
(BA37)

(L) Inferior Occipital Gyrus -38 -86 -6 847 0.001 70

(L) Thalamus -12 -18 8 6.69 0.013 22
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CRRRP IS HNRE R

B SRFEAIFE L B K AR 4 BT ¢ &7 27 F (prefrontal cortex) £ 4 &

LER H? X s 53 BREE

1. 4= 1 & (preliminary solutions)fy £ ¢ & ¢ =

2. R (refinement) ¥ fw & % . (detailing) €

(- )% BRBRK - ERE RS G BRT 5 M85 F LLE

B3k — ¢ 47 1 R (preliminary solutions)Fis £ ¢ &+

BOTE A A

12 p-value<0.05 2. & ¥ -k % & T (FEW corrected) # 18 B Bk - EAR L Ly %
T RARERTHRB IR RER S5 LA A3 2B 460 A2 EILREBALRNE
(Lateral Ventricle) - ®]%5% ¥ & £ 3F 5 "o "% » ¥ 1 A gg 3R

IR IR F RS
0k F N IRGE K Ay o TRLE 4"“ %’;l}“i% bt’#”f@\#ﬂmﬁ [

T TGRS R
a0 B T&

Bl 4-6 ~ F K B w

F 4-3~ FREAF BELGF

3 R =% (XY, 2) t Pewe  Number

of voxels

(R) Lateral Ventricle

20 -44 14  8.09 0.002 29
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C)RBEA;ERMEALEUZT PRI B2 %wF KL
B3k = A (refinement) 3] o &° & s (detailing) ¢ =3 E A B A 2 F 1 o
11 p-value<0.05 2 & ¥ -k 2 4% € (FEW corrected) § BLK 3 ¢ BB A28 4 W %
FRBTBZNEF BEIE R L A2 RAT A2 F VDR ALY Y
(Middle Frontal Gyrus) - g # w >t % ¢t ip) %0 2g ¥ & 77 (dorsolateral prefrontal
cortex, DLPFC) » #* % f 754t > & 7 1 Tl ~ v d {oRd] - B %

27 37

oy
Mot
=1
Se
sl
Ky
i
fie
P
f =

LY B iR E L F(PFC)G Rr e 0 BK - W o HER
7] Goel (2014)eH3p £ i Rl Bk » A F B AR-FRRX I BE T A urk
AT & T IR E 0 &2 Goel dp ) = IR E SR KB ARG X K D

Bk — K o

B 47~ Bk BB A2 T

2044 BRRH BEEG

F O e % =% (XY, 2) t Prwe Number
of voxels
(L) Middle Frontal Gyrus -52 20 30 8.28 0.001 100
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=7 Goel (1

R REATY B BRABX - RRXFRER

BBER - RBRRERELY > FRIGE v (23

BAld FA 27 RBREGAE T e ER T

e

R

TRl o R EAF AT w& R
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AT D R FE AR BRI A 4 AR e S8 BenlEA) 0 41t fMRI e
B zhiE o et N B A RGBT o d AN iR B B2 A
CE A R W B N TR RSk EHEE R RRBELEF LR
EHERRRTERY PR AAF LT DEREA o T AR R
- BREFFEIBRKFEOF &K RLRF MRl L L F R - B A
PERFEAY FEFIORE > L HETCBERY MERTR L F 528F% o

B EsFm > 2387 v (Middle Frontal Gyrus) %2 § LK 3-8 Bl:E 42 > 2
WGt A gp A B (prefrontal cortex, PFC) » & #h3e 5 w0 3p £ Ak % f3 42 2 fog
F7 & % (divergent thinking) B 4> /% ¥ 8 & < & ¢ (Dietrich, 2004; Dietrich & Kanso,
2010) » v L AREY A HEIE X O g o 4 TR FR LIRS N E T
T Flt e Alsd 4 fEAR Y en4 T (incubation) ~ 5% (illumination) £t 5 3
(verification)f¥ 3 £ & cni Fy 0o R 2 TR EFTBF LT LG 414 -

dorE R Y FREE CFRFRRPER RN QI
Bl F B2t FBLK 3L % (graphic thinking) » § 7 &c %] 5 & & 7] 0 #9702 258 RIS
4

;5:

N

{

FRFFEAFTSELR Y ERDGE T RERBRRAE S ERE &

it (prefrontal cortex) & 2 /& it & ik o

S mEE ApR A EARY F AR > Goel 1P L R e A R

Je* PIK AR R E R R EGR 0 SRRl R E AR oA S F R oM o
o VURHEARVEELROER S S TR ER > ZWFE

Hod o A RFTERTIFAIEE D IR v 4 ok s L

BETUREFTRELGE ETOEE  TTF AL RRALS RS o
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Sternberg, R. J., & Lubart, T. J. (1996). Investing in creativity. American

Psychologist, 51(7), 677-688.

Creativity is the ability to produce work that is both novel (i.e., original or

unexpected) and appropriate (i.e., useful or meets task).

Hawthorne, G., Quintin, E., Saggar, M., Bott, N., Keinitz, E., Liu, N., & et al.
(2014). Impact and Sustainability of Creative Capacity Building: The Cognitive,
Behavioral, and Neural Correlates of Increasing Creative Capacity. In L. Leifer, H.
Plattner & C. Meinel (Eds.), Design Thinking Research (pp. 65-77): Springer

International Publishing.

We define creativity as “a state of being and adaptation of personal skill sets that
enables an individual to synthesize novel connections and express meaningful
outcomes”. This definition captures the intersection of three different axes. To
determine how creative a person, deliverable or process is, these components can be
rated along three continuums from — (a) existing to new/novel, (b) linear to
synthesizing, and (c) no value/meaning to meaningful. We propose a visual
illustration of these continuums with three axes. A deliverable or process with high
novelty, meaning, and synthesis is considered highly creative and so is the person
responsible for this deliverable or process. This person, the deliverable, or the
process falls within the upper right and back zone of the three-dimensional space
created by these three axes. This definition of creativity focuses attention to the

person and their skills as opposed to process and outcomes as more traditionally
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defined. The intention of this focus is to better align the skill of creativity to
indications that go beyond the possession of creativity into the ability to

exercise/apply it.

Guilford, J. P. (1956). The Structure of Intellect. Psychological Bulletin, 53(4), 267-

293.

In convergent thinking, there is usually one conclusion or answer that is regarded as
unique, and thinking is channeled or controlled in the direction of that answer. In
tests of the convergent-thinking factors, there is one keyed answer to each item.
Multiple-choice tests are well adapted to the measurement of these abilities. In
divergent thinking, on the other hand, there is much searching or going off in
various directions. This is most clearly seen when there is no unique conclusion.
For the measurement of such abilities, completion tests are almost a necessity. The
distinction is not so clear in some problem-solving tests, in which there must be and
usually is some divergent thinking or search as well as ultimate convergence toward
the solution. But the processes are logically and operationally separable, even in

such activities

Wallas, G. (1926). The art of thought. New York: Harcourt, Brace and Company.

"The first in time | shall call Preparation, the stage during which the problem was
'investigated ... in all directions'; the second is the stage during which he was not
consciously thinking about the problem, which 1 shall call Incubation; the third,
consisting of the appearance of the 'happy idea' together with the psychological
events which immediately preceded and accompanied that appearance, | shall call

[llumination. And | shall add a fourth stage, of Verification ..." .
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Mednick, S. A. (1962). The Associative Basis of the Creative Process.

Psychological Review, 69(3), 220-232.

The greater the number of associations that an individual has to the requisite
elements of a problem, the greater the probability of his reaching a creative
solution. This variable is not independent of the preceding one since an individual
with a high concentration of associative strength in few associative responses is not
likely to have a proliferation of associations. The more associates which are evoked
by a requisite element of a problem, the more likely it is that an associate will exist
which will serve as a mediating bridge to another requisite element, facilitating
combination. It seems likely that this variable will not be related to speed of

creative solution since it may take a good deal of time to get to the mediating links.

Heilman, K. M., Nadeau, S. E., & Beversdorf, D. O. (2003). Creative innovation:

Possible brain mechanisms. Neurocase, 9(5), 369-379.

A high level of general intelligence, domain-specific knowledge and special skills
are necessary components of creativity. Specialized knowledge is stored in specific

portions of the temporal and parietal lobes.

Developing alternative solutions or divergent thinking has been posited to be a
critical element of creative innovation, and clinical as well as functional imaging

studies suggest that the frontal lobes are important for these activities.

Dietrich, A. (2004). The cognitive neuroscience of creativity. Psychonomic Bulletin

& Review, 11(6), 1011-1026.
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Creativity requires cognitive abilities, such as working memory, sustained attention,
cognitive flexibility, and judgment of propriety, that are typically ascribed to the
prefrontal cortex. Not surprisingly, the central role the prefrontal cortex must play

in creativity has been stressed by other investigators.

Goel, V. (2014). Creative brains: designing in the real world. Front Hum Neurosci,

8.

Design problem-solving is typically characterized as a multistep process involving
problem scoping/framing, generation of preliminary ideas, refinement, and
detailing. Each phase differs with respect to the type of information dealt with, the
degree of commitment to generated ideas, the level of detail attended to, the
number and types of transformations engaged in, the mental representations needed
to support the different types of information and transformations, and the
corresponding computational mechanism. As one progresses from the preliminary

phases to the detailing phases, the problem becomes more structured.

| have argued for a dual mechanism cognitive account of realworld problem-
solving. The question now is whether there is any support for such a model at the
neuropsychological level. I will suggest that there is evidence for anatomical
dissociations corresponding to the cognitive dissociations identified in the previous
section. To this end | propose the Frontal Lobe Lateralization Hypothesis (FLLH).
FLLH: Left and right prefrontal cortex make differential contributions (in terms of
the structure of representations and types of transformations) to real-world problem
solving. The right PFC supports abstract, vague, ambiguous, indeterminate

representations of the world, while the left PFC abhors uncertainty and tries to
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automatically fill in the gaps with concrete, determinate, unambiguous, specific

information.

Shah, C., Erhard, K., Ortheil, H.-J., Kaza, E., Kessler, C., & Lotze, M. (2013).
Neural correlates of creative writing: An fMRI Study. Hum Brain Mapp, 34(5),

1088-1101.

To investigate the different aspects of the creative writing process, we used
functional magnetic resonance imaging while 28 healthy participants performed a
new paradigm related to creative writing: ““brainstorming” (planning a story) and
“creative writing”’ (writing a new and creative continuation of a given literary text),

as well as an additional control paradigm of “reading” and ““copying.”

Episodic memory retrieval, free-associative and spontaneous cognition, and
semantic integration were observed in a right lateralized activation pattern in
bilateral hippocampi, bilateral temporal poles (BA 38), and bilateral posterior

cingulate cortex in a “creative writing”” minus ‘“‘copying’’ comparison.

Limb, C. J., & Braun, A. R. (2008). Neural Substrates of Spontaneous Musical

Performance: An fMRI Study of Jazz Improvisation. Plos One, 3(2).

Abstract To investigate the neural substrates that underlie spontaneous musical
performance, we examined improvisation in professional jazz pianists using
functional MRI. By employing two paradigms that differed widely in musical
complexity, we found that improvisation (compared to production of over-learned
musical sequences) was consistently characterized by a dissociated pattern of

activity in the prefrontal cortex: extensive deactivation of dorsolateral prefrontal
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and lateral orbital regions with focal activation of the medial prefrontal (frontal
polar) cortex. Such a pattern may reflect a combination of psychological processes
required for spontaneous improvisation, in which internally motivated, stimulus-
independent behaviors unfold in the absence of central processes that typically

mediate self-monitoring and conscious volitional control of ongoing performance.
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