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Interior design is intricate, as the designer should consider numerous design elements such as circulation, spatial

composition, and energy efficiency. The complex interior design process involves both divergent and convergent
thinking. In divergent design thinking, designers use micro— and macrostrategies. If we can identify a designer’s
strategies in the design process, we can support the designers in diversifying and embodying their design ideas.
Therefore, we propose a novel method that automatically detects idea divergence strategies of interior designers. To
achieve this, we developed a floor plan retrieval system and conducted a user study with interior designers to
analyze their design processes. The design exploration process of the designers was analyzed to detect their micro—
and macrodivergence strategies and the point of transition between the two strategies. The user study results
revealed that the explored floor plans had different design patterns depending on the micro— and macrodivergence
strategies. Our study can enhance the understanding of automatically detecting the designer’s design intention and
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aid the design decision—making process in the future.
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sdste] HAR]l ofoltolE HARIEHDo & Gross, 2001).
ol gt YRR T 32 Ak A TRl ARLE SR
3HH(Zboinska, 2019). 1A}, TR0 &L thofst 7154
9l TiRel ke AEs}H, fiel ojoiolg Easiol o
ARl ke A4 oks TAE A ALY S R o ' 4
YSHcH(Dino, 2016; Langenhan et al., 2013). 84 Alale= &4
SRR HARRl S Tk "ARI ofeltolE E4s=
Aol S-S FAINE, WA AL o] ol S R] ke YAt
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2016)5k= tj3.& ¥HAF A ZH(macrodivergence strategy)¥} S7
3k 713t A bRl ofo]t] o5 Gk Yang et al., 2020)
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< AP Aojot. oA tA}Ql FAS Xyt L]
7h Adsirtal waE 9, gty HAel 37k Ty
NE 7H HHEE &3]3, siF 7] QoA A= HHES
S Zio|t}. 9iof &2 Af%o] tiaE & upo] A2 Ak Ak
9] ojoct. vjAE TAF M TASHR] 912 ofo|t]ojE A
O BN A= ofo|t]olE BT 4= QlL, mlo] A& Ak A
22 AR oto]t] o] QtoflA 22 TRl ik 8T o=
oz fxpeol 1Yo £Q335t FHo|tk(Garcia & Leitdo,
2022; Matejka et al., 2018). ©]2]3t oA, T]A}Ql 2|Y A|A
glo] txjo|y o] ja 2 WA A2k AET 4= QIohd, A94
QA HARI A E 3o 24 tAtolr of TRl 31t =
AU = & Ao, wpo| A= Wit A A8 4= QIthH

clxfolui7t S5 A 715 el FelH9l TRl AelE

&t

nopsk =L

7% OARl A9 A2T ATEL A8 4 P4 e

22 0] g3lo] ofo| ]2 TSl Wik gL
A ¥gttH(Matejka et al., 2018; Son et al., 2020). 18
AABEL AgA] B A ke dAgtos
7] o], A2glo] ALgATE Uk HRE BF
© 2 (proactive) AT % gick. wfetA, AGAEL B 7]
o] g tfwiet HA) Wel S 2 Sy 8ok Shet. olefst Ty
A, Azgo] A4gAe] Wi % njol 2T A S AE
2 olehal Tzl Uzt sk AA WeS AEA 0w 24
Sto] FAS AL 4= QS Aol o]d mija® W vpo| 2=
A RS AEs] flsiA, HAelH o] HARR] ZEA|IAE o]
sfish= Zlo] Fastth. YA 32 HAR] F-E(design move)
2t £7= tAtolH 9 bl Z27Eo] Aol gtk (Son &
Hyun, 2022). o]2{et YAl I4-& £A4517] Asf tAtolH 2]
3k 7150kl 7 EAloH: TR EF A Q] P31
1 (linkography; Goldschmidt, 2014)7} 3 Q|54 ARR-E|o] £F
Ch(Frich et al., 2021; Harkki, 2022; Hatcher et al., 2018; Lee,
2014). PRI 1= HAR] IS HAR] FHLE YRRl FH
Apol9] A& et B (link) = 23 (Hatcher, 2018;
Kan & Gero, 2008). A1 mh= ARGt TjA}Ql FHE 3t
4 2 257} ol A=, 1 ¥itie] A9 =7t AA A4
£ =40 itk ofo] B ATS0] tAQl FuG P2 A5

UelE B2 Qe (link index) A S 7[¥Eo 2 HRRQl 747
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“J3FAtt. Hatcher et al.(2018)%= TIAFR] ZH3ojlA
ofe|toizt AT 284S SAsP] Al A AdAE
ATt Lee(2014)= HAfolu-qIzY o] FATHg 2 Z2)/d
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) 87 2 ojRg Tekel] v
3 FHAolEhs AR 7ML Utk(Hatcher et
al., 2018; Son & Hyun, 2022). ©]2|$t SHA| -] 2Qks}to], Son
& Hyun(2022)2 3 125 9] /g & o] 1 32l £A|E o
2% ofo]t]ol 125 (ideagraphy)Z AT ofolciol 12}
o] TiAjel u 277, TiAfel Af, ARl FAE Si7t A2
o} o] Aol Aole el ohemEo|t. Ee, ofo]rjol 1
dfale] tixjel TH7 P2 Y SALES] /I Hak
o2, o] 13 el R Yool n HoR U 9
Aol 7K53HE, TRl WEO) RS weoR tel
B7} g4=7] dizo] tigks 7ite g FAE= AT et
£ Ao]o] rt. ERL ofolr]oj 1| n] o] P F/4d2 HARI
B Ato]9] FARE S Z7|4Fs}7| wiZe]l HAto] | of g4 Ao
wt P2 F44 9, & I3 YA SR BE P lEA
£ 2t =N Hrtor o] kit ks AEe ¢ . o]
&M, 71 JR 1w F ofojrjo] Ly =EolA HHEIX|A|
St txfo o] wia =z & mpo]a 2 TAF HEhg A
U= PHES ARk

wEbA, & AR EAE ol whE ofolr ol 1| 9]
I JEA HSEE WEsl] {15 1082] AY] tRfe||E it
O FAA e APsigint AdS &6, 2 A7 °
Aol o] i3 & Yl nfo] A7 WAk Hgo] ofo]r]of 1eju] 2 7
=AY 0] o]F FFZ vIA|=A] wEto g, mia g Y o}
oja = W MEe Ao & AT 4= Q= 7hsde Ielst
Art. o] & ol, AL thE 22 HAE S5

1) FHE glo]8 (N =2749);

2) Y= T A|AE] Bl QTE H|o] A T

3) A&7} ofelt] o] 1 v] F3k

4) 10789] A} 5 tApe|vE dior Fuk g4 A9

A%
2. 21 0H

2.1. 01532 2 00|32 Hat et

HhAPE TARQl Aol TRl SL B 9] 7%
= 7HAAL HARR] ofe|tolE 4517 L (Akin & Moustapha,
2004; Cross, 2002; Dino, 2016; Fricke, 1996; Yang et al., 2020),
T2 B3 712014 Tl ofolt]olE FhalskrhAkin &
Moustapha, 2004; Caetano & Leitdo, 2019; Cross, 2002; Fricke,
1996; Yang et al., 2020). 2] 2] T]x}Q] ofo]t]oj= o]t T
Al 712 Wolal Fdle WA ES S5 UEhdt
(Orthel, 2015; Suk & Lee, 2021; Yang et al., 2020). =, tjZ}o|
£2 259 ofoltlolg thoyaat f W= @ vlo] 2 Wyt

SIRAILIC|XIOISS| =27 X327 15 EH1565 _ 2023. 2 25



ol
i

Mk Foped, ok Tl I e
o1 el A1 AT ATEL A4 Be 3
QJelgko 2 ofolclolg chabsiek WAk 3}
t}. ol EE01, C-Space= FH| 7[5He] HHE M 7|52 AlE
St ARARES AEsts FH Y 7RIS 2T R
YA S HAE 4= QItKSon et al., 2020). Dream Lens2 ARE-
A7t AdEgt Gkl tioke] &4 =91E viA AREAREO]
7} £4%k0] 71 A1E BHE7 YRRl AT ¢ Qe AL
98 Aokt Matejka et al., 2018). 12, ¢ ATLEL ARE
<o) vz 9 vo]ziz WA ze] el A etk
ojof, & Aol Ad 5 tA}Ql A|A”lE0] HAto| 9] HHAF 7}
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2.2. O|Xel ofo|C|of &AM

Goldschmidt(2014)= T]AHQ] TLHO} 2|32 o83 t]xel
IS 45k P 1) PHES A/ frQl FEE=
tjzfo]1] 9] ofolt] o g oJu|shH F TiRQl FH Afolo] F5-8.
A(common sense)’t AL o FIE F/JTHHGoldschmidt,
2014). AT TR FH 7%} BF @b 2] oj5o]

A IS st wsielth <i >3 o], B2 AF-E50]
o] Y3 1w o]-&-sf YAl TS EAISHZTH Goldschmidt,
2014, 2016; Harkki, 2022; Hatcher et al., 2018; Kan & Gero,
2008; Lee, 2014). Kan & Gero(2008)+= & F 1} 1]o]| Shannon
9] HHOo|Z5(1948) 835 AERT SHHS F7oto] Yzt
Q1 IOl A ZoldS 4ok WS AT Lee(2014)=
tjztou et Qx| U0l o] A IS FA T O] P2 Ad A
£ 0|83 A5 Harkki(2022) FE 1 u)E o=t
Akl A I =4 AlAES LR Harkkis= AR E
O 2 RE Qdof, AAA|, Al HHE Fste] YRR FEE AL
|3k T2y §19] A7-52 ARl bRl FEe 2 ¥4

5 Tsty| wizol] ZiQlely A ARl et dat '
2=, B/d A0 aL A ofeh= A F 0] Qlth(Hatcher et al.,
2018; Son & Hyun, 2022). Son & Hyun(2022)-2 & Z 13 1] 9]
3432991 SARS Bt o}o] o] T2 7S AFEBHE designer-
centric spatial design support system(D-SDSS)E- A|23iL}. o}o|
tloi1e o= AAA], F, BHE ARZ & Al 7HA] 739
Aol 7 ojE HARRl FETE Tk B3 55 24x0] EA] o7
L el 20| SAES Allelo] Y5k 35 847}
EASHE F YAl FEAolo] G35 FATUTE 1, 2 A
T4lo] of= 3, PRI E= ofot| o] 1] WHES A
&5to] gato|u o] A Heko] P2 QlelAof ojd JF2 1

LA B2 W3 As|AS B8 Tixoluie] Wik Heke Al
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(E 1) 237240 & o0|HU IS &=t S

EE] AR 2 AP
TE TS AERT ZEUS B29 SA5M0] O Kan & Gero,
ol Ipso] Hol = wit Aot 2008
CIRoILiet SIAILIOfe] &o] THES 23 UISAS 018|  Lee,
23 [sio1 24 2014
T |oixier weimrel o yaams wgso | HOIOPET StEl
CIXiol o] 9101, A7R], A B=S Oigoz 25| Harkk,
BHIIS S35k A 2022
OFOICIO] [010|CIOf T2 TI= MIgHaI0] CIRtOIA9] Cixtol T2 & Son & Hyun,
Jehm) |[ENoZ 24 2022

2.3. HHE CIXpQI Al

tjto|q &2 tAIRI tholo] T3} o HARQ1 At E 'Y
5t A RS A1 7S HH=tKDo & Gross, 2001; Jang, 2014;
Langenhan et al., 2013; Sénmez, 2018; Wang et al., 2021). 3,
CAROIU &2 71 HARI oA] &2 ofeltolE 2 gshH 9]
ARl ofo|tjolE A TH(Suh & Cho, 2018). £3], Auf HA}
o5 BHEolA HHE AT, 2] FHi(Son & Hyun,
2021), 27+ +4 7} A (Langenhan et al., 2013; Weber et al.,
2010)2} 22 37+ HEE FE3HHArvin & House, 2002). T
3 A HRoluE HRel 27] Aol HHES St
ARl £248 (Do & Gross, 2001), 37+ o|sgtct
(Hing, 2006). 1 E&, FHE = Ay tjzjo]ufofA] 37+ o]
fiskar -4g5t7] 13 A9l =] (Hing, 2006; Schwarz,
1997), 3t AHE Xtz BHEE HAc= 22 22l
TJAQ] ofotjo]@} ofotjo] 7iEke Adshe Fa7F Igolth
(Son et al., 2020). o]&Jgt Q4] a.Scatch (Weber et al.,
2010), metisCBR(Eisenstadt & Althoff, 2019), Z12]11 D-SDSS
(Son & Hyun, 2022)9} -2 HHE B4 2| AJARESO] A|QE
wjo] FARE BHE G4 Il HAto|u 9] ofo|rjo] B
Aok FAstE e Ahe ofdl H A gttt & dollA
+ SR B it A=k wtefsy] s Aol vzt &

Mt PAES o] §5to] Tl FMH S BAB

RRE L R EE L EER EREEE N
R EX R L= PP R E TS
o AATE AFEFtO] G AL B7F HRE AL Tto] HRAES
Zei2e Yot BUE oln|Xg Agsle] BUES AT >
qlon, 3, % 1)1 28 B3 sk 2ea
£ TS 4 Ik B AAHS 18R} BAL A
2 7Sk, Ea ALSAPE Sl nulA) SR R
S8 19 A BRI E o Akl g oz A
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3.1. M 7HX| St HE /Y

2 Aol 2l B4t so] x| (www.rl 14.com)of A
2,7497119] HHEE Fsto] ARSIt HE BHEo] @
FE gRlsta sk AAY S AX 7, BHEEEH
H-9] 74> (number of rooms; ©]3} NR), HHE AZd(floor
silhouette; 0|5} FS), B9 9]X](room location; ©]5} RL), ¥ &
AAJ(room connectivity; ©|5} RC), B1-2] &Elj(room shape; ©]5}
RS), 712]11 "}9] F|o]ol2(room shape layout; ©|5} RSL), 3 6
JHAle) B BHE FE0i90 B3 WAL Aole] 2 ANE
2 SAEE Adtslo] SALE HeehE shoel, NR, FS, RL,
2831 RCO thgt fARE A4t A2 Son & Hyun(2022)7} A
Qe WS wWstal, RS9 RSLO| et -FARE A4 HH4]2 Son
& Hyun(2021)01 AIFEH & wlsieh NRE 714, 3, 34,
T3y, hE=A 121 @] eE uRth<1dE 1-a>).
FS&= BHES] ¥kl iRl &S oudtth<1d
1-b>). RLZ 2} ¥o] 4] A& QJulsk=d], A d=2] e
HRE BHAH<IY 1), RCE 2 S Ao]e] 43 A7
BAE Uehirk<Te 1-d>). RSE 2 9] e} 3S olalat
TH<1¥ 1-e>). RSL-Z BHE WollA 3] 914 4 Fe JRE
Rt E29] glojokx HHE Qultth(<T19 1-£). S2{AH
6714 732 B o] Aot AL HlolHE AMS:
oAt Y AEH T &a1]EL2 Python sklearn library
|&(mean-shift) Y11 2|E= ANESHAIH. Bt olF &
E2 9% 7N S AHY dalgEo 2, A HlolHE
¥ ot=t| A&t Comaniciu & Meer, 2002). THhA],
Toll A A= FFatE Tk FALE HlolE & 274
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3.2. ofo|cjo 22T
(1) Tixjel 20t 2% 24

B ATOIAE TR T oA TiRto]ul 7 haleh e
2 A9l R0t dm)2 gk E5F 5 74 dm(e]) B
£ 948 F95HA] oj%o] et 32 FAB dn(e)) F
£ 948 kA WHSP] 919 WA SAHES ALSC
5 dm Atole] fAHEZE YAGAERT 2 A9 T dm 3E
R4F TRV WEsk webd] Y27t BT 9 9A
A=) YARES 3] 98] Letel HE EAEQ Prolific

oflA 50072} A¥ A e E AES MPFHSon &
2}

A 8 719] BHEE o] A= FARHA] B7lee = itk 274
o=, fAbIt ST HHES] Hit A AA FAE
2 ARE-EQItHSon & Hyun, 2022). Son & Hyun(2022)= AR
o] AAR] A, AAGE A FE, HM 2] JEE dm
O & &8ol3th & Aol A, dmS ARGARF HHE B Al A
g oA E4 HHko| 2% ol A AXE SHFAY
(hover), BHEE ST 4§ F7Hdch EL U7 JE(NR,
FS, RL, RO)TH Z-8-3W Son & Hyun(2022) A7} &), 2 o
TollAd oA A7HR] T HEE A7) HiZel, oA /3
9] ofo|tjoi 1| n]7} A /g = w, whebA ZF F3F A Hof| gt of
ojtjol 1| uj= 7t F7t HH | dm7te] FAE] Wt A& Tk
£ F2 e 7k A E S0, <18 2>} o] HAjo]i 7t
= 719 dmg =71 o], dm1¥} dm2= FSQ} RSLE] A Hoj
ATt FAFSEE R, FSQF RSLE] ofoltof L wjof ARt P
7h B/dE ). BFAC] NR, RL, RC, 18] 31 RSE] K of tfsfi
FAFSHA] ko m g P35 F/doHA] =t FEsHAE, 91 d
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Aol dm2E S v Fso} RSLE] 87k Axol el &
Aret HRES SHHARE NR, RL, RC, 2] RS2} 0] o)
a4 o] Aol SIS Qokd A2 BHES SIS o]
S}, gio} 2o WP o R B elold ALg A} Shuish WHE
£ 7ldto g dmE Z7}slo] ojAl 714 42 ofolr]o] 125

cixtel 2o
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ofo|cjoja2m| -~ ==
N7 B Y RL RC RS ;7 ORSL Y
Cixfel 2

oy 1 \ [l -} S 1 \
O i o1 0% ' oo oo oot 0% |
® 33 dml dm2 \ dml dm2 / dml dm2  dml dm2  dml dm2 \ dml dm2 /
EOIEX L 4 x. 7z

~_-~-3 ~_~-na
35 84 35 84

(g 2) IRl [E0| ME 64 71X f2| 010|H0{Z12iT| 4y

(REERGIEES

ofo|t]ol 1S EAsl7] gt A H & P2 2l
AF85199=], Goldschmidt(2014)0]] W=, 3
3 759k dm7ke] Bl EE TRkl 3ol A P37
ARE V=71 Uetdie AESL ZoF S S
3-a>0fl4] dm1-dm5 Ate]9] FAi= 270 Bg S ARl &
9] A AEA(LLI-5)E 0.40] 3, dmS3-dm9 Afo] 2] PH+= 87
o|B& dfig T2l #O] P TEA(LL 5-9)= 1.60]th =,
Y3 e A e dm e FA 7ol FFE Bt A A
27F FE5E AeIYZE B 71ES 2 AR gEEE
TSI s eI, R o| %ol BHAshA] ok A
2 YAl gL S-S vERdth
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2= ARZXL QIE{T|0] A (GUI)

(a) . Cluster Menu (f)
T
L T

CLUSTER

—

() Previous cluster

(d)

O Hoverz #3t8 Cixtol 28 (dm)
@ H=ioz 37t CIRQ! R (dm)
 FE]

(a) (b)
BEP/ES 2 8
dm I 5 5
2l

dml dm2 dm3 dm4 dm5 dmé dm7 dm8 dm9 I3 QlEA 0.4 1.6

(b)

a,
CIXtQl B4 24 1 CIXtQl &M 2y 2

(OE 3) TRl SM IPgol| ME e H3 QA 2o OllAl

3.3. HHE B A|AH

E o)A tARel BHoA YeEigE= mjg 2 9 ulo]a 2
HAF MRS BA5] Qo HHe g4 AAES skt
A AHL Zato] A E(client)@} A H](server) 2 L= 0|9t} =
2o AE= ARAF HHES HAok gAe 4= Q= T3y
ARS8} Q1] H| o] A (graphical user interface; ©]5}F GUDZ /=
o] 91, A= HHT ZejAEHTY AARS 235t A&7}
At P2 vleko 2 ofo]o] 1S AJAIFc) AR}

Javascript®] d3 gto] B2j2|E ARt AREARE <19 4-b>2}
6714 B2k Rt /1% B I

(e) viewed floorplan (selected : 0)
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CTHA| S AT 4= Qlth ARGAPE B flof BReA A A
£ S od It Y BlRE R FRETH <Y 5>). vhef
AREARZ} 2% o4 v AE S8 E A Y S=I5HA viewed-floor
plan H(<LY 4-e>)ofl F7H=1L it FR= AHE HEE o]
AH = ofoltjol 1wl E A3t A& 5o, <719 5>004
AREAFZ7EdmI 1, dm18, T12] 3 dm24oj| A = S Fr} ol
dm11-dm183} dm18-242] Tjx}Ql ¥gLS EASHH, dmll-
dm182] RL ofo|tjo]1en]= B2 A7 A= &2 I3
AYAE 7HA]H, dm18-dm242] NR ofo]t]o|T1e]jul= FA7}
ALY A=A oot W2 A JEAE 7171t o] o
2, 2 A7 ARGAR] "R YL 7185t AARte R
ofoltjo| L2 u] & AY/goto] Wik Hefol mhE 3 QIEIAY 2}
o]7} A=A =81t

(A) - GUI LHOIA ALB (o] B4 5 B

ConDiv Tool
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1 m e « @
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an0 dnl dn2  dal3 dmle dmis dnts a 22 dnz3 dn2e
i 1N J
(a) (b)
(8) - CIXIS) 2% (o)) D2 @A Tt (C)- CIRFI 21 (blel 022 it Tiet
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BER TR 28

dmll  dmiz  dmid

dmie  dmi9 20 dm7l  dm22  dm23  dm2e

RLO}O|C|0f 22K NR ofo|c|oj2fm|

(2 5) MEAPt MG CHHO| M2t T 3 QIEAS TiXl= of: (A)
GUI LHOIM AtZRIQ| BHM E: (B) DIOIAZ it H2S FIC=M
YI0F L= WA FEE oo[Hoi2I; (C) U= Eit T2
FgezM F37H HA YgE 0to|H o 12Hm]

4.4

oo

= 24t

S

4.1.

O
(1) &= &

=

A¥] ZFE]E= Linux OS, Intel® Core™ i7-7700 CPU, 64 GB
of RAM®} GeForce GTX 1080 Ti/PCle/SSE2 GPU7} AFR-E] 911,
Za}o]AE AEELE Windows OS, Intel® Core™ i9-11900KF
CPU, 18|11 128GB RAMPO] ARE-E] 0™ 1920x1080E Al 3
Aol BUEE ARFTE SEto|AE AJARS JavaScript]
Vue,js T YLYIE 740 2 7lehE] 9l 1, A= Python Flask
T YR A
(2) &= A

grtole] sjas 9§ njolag WAk Heke Thelel] 913,

AP G B E R F=23.444], H2AH=214), A
=25A], Bd=41, 0 Ad=675). & ATRL H|%3 0] Y
2 71 % O]l Hel g 2u|gck £ rjlel Balt & i
2 & o WANA FAAZ AFHCHEARS] HE]L 1: Pl
~PS; TIAFQ] B2 X 2: P6~P10). TIAFQ] HE| X 19] ThA|= 41
2R 2AE 20 7152 915t 10709 HHEES Agisis Zlo
I, HAQl B 20] IpAlE Fd HRel sy ge 24
Q1 7152 A5t 107]9] BHEES Aeshs Aol F Tzl
gxof, i 243} 715 1Y) 87 Aol YA o9
CH<19 6>)). T3t A £ Aol A4 olFAlete] A v
gl wElg 915t Aolzta Adsteich A¥S Mgsh A
Y FolA} YHes Aud vuict s A9l g4 3o
A ofd §32 FZHYE 7P AL FUEA B, 107
o] P =S et 5, 108 59 A5 Qe RS AP AE
AERAE 10819 TAQl I (FRES HEdt 7 ok 3
AES Ae517]712] 2] )0l A T Q] gl 7150] AUE

Ao} glebe ojw 7)20] gk BT,

T & 2

—

CIxtol Ha|m 1

Cixfol Ba|m 2

ohxl £21
212 i 97.9m [ 1071
(O 6) OXRl 22z
4.2. & Z1t
P

2} F7b 107h9] BRES Aestel 3 1099 tixiel g
1 3} Ak 48 F2 3 A5 ARE vigo 2
Eixtel T4 Bgold TR 7)) 3
o TAQl B4 39S plo] s WAL Heko = Bl

oX o
o2y

o A
= T

38
H
Ll

A g2 AF iaE Wt dfer BRIt dIE S0,
P10 dm20-26914 NR& 71 S 4 o= FAglom, 1 37,

AA 170, P34 2785 ool AR 71ES 7 AL
S APFh SFHFCHLILNR, 20-26=1.857; <18 7>). wzh
A, B A7 o] IS vho| 32 WAL HEFo & BRFch P7
< dm19-24914 FSE 7P SHA o0& g o, ojd FS7}
A HgHA] o gt 7|20l FEo thefet FEiS| FSE 2t
SoFSFATHL.LFS, 19-24=0.333; <13 7>). WA, 2 A3
2 o] I i3 2 IAF ko 2 BR3ct of2{gh WAl H=F
FRHS v o R TP AR g IS AR, vt
o|A & AF Ao ' LRSSt 1™ the wio| A2 WA A

o
12

SrRAILYCIXIOISIE| =27 HM|327 15 £31565 _ 2023. 2 29



at v AR At 2] J3 A AS vl W ek Tl P2 B
< TARLEA IFOIA FAHR] 7% 7RI SAs AL
Foto7] whzoll s = WAk ML g9l P72 BE ARkl

A 3PgolA] 7]20] RS gkl GEl7] wio] ufo] 2= dhat
ke QIQIth P1~P10(SD:0.328, P7 A 9])] upo] L& b4l A
o, PI~P10(SD:0.414, P2 | 2])2] vj

2FO] Yot L1.&=1.205%.2

37 WA A2RO] "ot LLE 0.4730]Q1tt ulo] 3.2 Hhik A2k
ESEEY %w 4% Afo]] B L1 Zol= BAZ 02 fel
S 2}o]& H ¥ tH(mean difference = 0.732; p < 0.05). o] Zi}=
9 AsAE AL8alo] Aol e e W Hlola B
S HAT S UgS HERdT

A HIRE 2} C|xtel aPgoflAf 4
3 0 o] R
ﬁ m ﬁ -H.! ‘=ll ofojaz o2z
30 I ] |
Ll NR
Pl # 20 ass 1 2 3 4 5 o ®
oo 1321 :iﬂ ‘ 5 @ ®
ul d ?
00 O T FE EE [ =l R @ ®
Cixfol 2 (dm)
6 7 8 3 10
- 1 R @ ©
1
) YIEIERE
P2 %‘-z:o ! 2 3 4 £l RSL @ ©
3l
10 . = s
ml Y«ﬂ@mﬂ?va‘o,m Fﬂ 2 [ =
o | 2
oo 10 20 30 40 50 L b [ EEXCIN SAN
Cixtel 2 (dm) 6 7 8 3 10
e |
e el
30
1 2 3 4 5
P3 éﬁ 20
1 10 m&m = ke il
! T - 0361 [ & B
0 10 20 30 40 50 60 70
CIXtQl 25 (dm) 6 7 8 9 10
%
!
3.0
<l 1 2 3 4 5
P4 o
o mms
w 0275 . o
00 0 20 30 50 60 W, L
C|xfel £5(dm) ] 7 8 9 10
@ b Eéﬂ
{ ]
30
4 1 2 3 4 5
P5 20
oy = -
m 0.800 3 i
: 0 20 30 40 50
CIxtol 25 (dm) 6 7 8 92 10
n ji o i
P6 4 30 1 2 3 4 5
20
g -
10 R P B 41.000 u [ I - |
u} S ad 80594 = E i
n 2
00 10 20 30 40 s 70 L) L
CIX}Q! 2E (dm) 6 7 8 9 10
= e
]
P7 430 1 2 3 4 5
T 20
5
m 1.0
™00 oo % @El % EEI
- o )
CIXtQ! 25 (dm) 6 7 8 9 10
4l 5.0 "
51 40 ~
ot J L] Eh fr
P8 ot 1 2 3 4 5
i 1222 B -
]
I
10 20 30 40 50 60 70 8 90 100 10 120
CIxtel 25 (dm) 6 7 8 [ 10
L
=8 Bh B & BE
30
<l 1 2 3 4 5
P9 T 20
5l 1514 [l
wo 0.161 A |
00 —o 20 30 4050 60 ° L =
CIXtQ! 25 (dm) 6 7 8 9 10
ﬁ | = |
u e ] il
ég 3.0 1 2 3 4 5
P10 5l 2.0 5.X
- L‘m%
Bole o 0502 [ [ ] M
00 i | B
) 10 20 30 0 50 60
CIXtQ! RE(dm) 6 7 8 9 10

\

30

S

SFRALHC|XRISS =2 F! X323 1=

(O™ 7> AMERI gt

E3#156= _ 2023. 2



A3} 419 o] vho| 2 B v WhA ko] o}
qlElz gto] Ajol7t AR LR Gollet Aol S
3] AlAMS =5 9 njo] 23 WAL Aeke] AT
9 vo] 22 WAt Heke] 7] Wsle AEHch the
Aol Tixfoli o] what Hekol whet B QI ATt oA ¥

SHIEA], 123 WA ko] ek A1 HE o B e 4 9
x]0] ol A48 ol

(1) T2k Hst - U3 20|M 00|92 At T2

P35 dml0-14904 Thefdt RCE 71 FH =S Stk
HHFAT. 124 dm38-420]4= NRo et 54 71&2 7HA
AL A7) dizel 24 S e T HEe ST
YTHL.LRC, 10-14; LINR, 38-42%= 72} 0.29} 1.2; <11
8>). P9i= dmS-79]4 NRo s E4J3 7|2 74 3L B

S AL Gk HhEo] dmd4-48 oA, 1= RLO] T
S FAER] 71 7L A7) W2l HA HHE R F
23} Az urgko 2 Qx5 v) 37h9} vrF Y 17]2 ZHTHNR,
5-7, LIRL, 44-48-2 7}7} 03} 2; <17 8>). & B Al Al
Eﬂo] uH -1y @@}oﬂ/ﬂ u}o] I3 9} A=k _§4 A=F A
510 |3t 2 922 HojZr}. s, P7, P8, PO v & Hhat

Zfof| A mpo] 2= T4t ko & Meshe Aol Ag7HA '
ls %%EE &o]—a]ﬂ— 1—4;(].01.9_ /\]/\Eﬂo] ii{z‘sﬁ?,:ll] E_g_o]
Aol St E3E P, P2, PS5, P7, P8, P9= tfo| & 1t

F

T

Ab Ao 2 gt wf A|Ago] T mpo]Ag 7% QboflAf tief
T yARIE S48 FH Zwol 2 Aol2tal gt Bh,
P3, P4, P6, P10 %% S| T 7] SA oA Al Ajlo] ARt o
! Fol T 2FQ1 tfoke =& chd txel 12k

L
oM
=
jm
©
_g

O

e

A 1ol AFLS) 52 W - 918 A 2ekL ek, v
0% WSS A Aol A] njolz WAL Hekow
S Aol wlol A 715 FE5He TRkl ek Al

3= Zo] o] B A Akl E3H-

e S 0lE EC kT

RC

>< EEE i EEL ann'

dm 13

ol

dm 41 dm 42

E

ojm= w et dm 10 dm 11 dm 12 dm 14

P5

NR

T
O 8edroom:3 ff_u_ﬂ

00|32 Wit 2y dm 38 dm 39 dm 40

NR

X |6 | | B

b 0jaE e dns dm6 dn7

RL

5 B- |l | Y

ololaE T Fet dm 44 dm 45 dm 46

- |

dm 48

I

dm 47

EEREERS e =
LEES-N Ofo| 3.2 it

O}O\EIO(

T e

n-th CIxQI 28 n+1-th Cixtel by

(8 8) Poet POO| EfAISH HHE AL IHT20|M 00|32 &t
H2foz Mekst off 0t0|Hi0{22m| OflA|

(2) M2k B3} - DIO|A20|A D2 St 2k
P3L% dm12-200|4] 1] d-g 71 28514 Ayztsto], |
o] H&of Xt BHEES B Gtk SHAIRE 1=
dm33-379]4] s 7|04 Hloju Wk Y fIX|(L.D)7} oF
FoHA £323] Qe FHEE HAHUHLIRL, 12-20; LIRL,
33-37& Z¥2} 17773} 0; <1 9>). P12 dm19-250]4 HHE
7h A AR gllofojof gtk A1 7S 7HA AL
T ST G3lth SEAIRE s dm25-32004] NROj Tfgt
712 Qo] EMHFITHL.LFS, 19-25; LINR, 25-32%= 7k} 2,571
7} 0.5; <19 9>). T &AM Alg= A|AEo] blo] 3 & kAL Ak
oA wjaZ drAk zqak_gJ ARG A3 5= 9) 8-S Hoj3
E} *u‘ﬁ QUEFofA], ZHAAF o] mlo]A 204 mjA & ik
A 7oA H&}Q ofo|H oS HFeRt 4= Sl HA}
toh g3t 53] P2 “ulo| AR A vz 2
o W7F2 22 goFstal, Z12|a vhA Wi7h HA
P ATk Y g3t &, JRE2 vlo| 38
A= Wik A Aol A ZHile] Rl 57t H e

l'

rTg
1©

¢
o g

M r& r
d
fllo
mlo rzi flfo

=

patk

jal
Ji o
ot

i
=
m
3
el
il
o

[l

A

dm 21

i

dm 24

dm 30

>

dm 23

dm 20

fed

dm 22

dm 28

dm 25

3
| .

|y
dm 20

o

!

o z
3 =z
4 =
]

-

E‘]l

dm 26 dm 27

Lie j}

dm 14

dm 31

=
Jl

=

dm 19

L' oo

dm 13

o

dm 34

dm 18
2} g Y27t 2ol g
ofo| 32 it LEES-

[ ]
Fﬁ]‘d
dm 37
. « Jo

| Ea

n-th CIxfel 2% n+1-th C|XfQl 2pF

dm 15

P3  ojoj3zwyme | _dml2
RL

s
g

dm 35

":ﬂ

0432 At F2} dm 33 dm 36

?S.

/ O,

(T2 9) P19} P30| ENMEH TOIT AfRQt DIO|RR0IM THAR At
Hfoz Mkt 0 O10|CI0{I2T] OfAl

(3) Oto|=3= Uik TMefo| OIO|FZE 7|F9| 3}

P10-Z dm5-119]4] NRoj| thet 4| 2Ql 7|5 7HA13L Q171
ol =2 3719 3} 1719] A 7 HHE=E oA F7t
= 3ot SEF. SHAIYE dm47-540 4 NRO| 7| 1 2
7N} A4 272 A3SITHLINR, 5-11; LINR, 47-54%= 7+
7+ 1.428%} 2.625; <719 10>). T TARQ1 A B2 A& st
9] FIgt FGFOH(LINR, 5-11; 47-54; 2.13), o]= & Tz}
Q1 &4 Aol 22 FHESO| FAGHA] Utk AL 9H|
g} PRO] A& A HH, dm67-759} 75-7801 4] AA =
o] AZA, AT B, AT 849 AZ4 5 RC tisf
25t 7122 ZHgslo] 2ty gFchLIRC, 67-75,

SrRAUCIXOISIE| =278 H|327 15 E/1568 _ 2023. 2 31



LIRC, 75-78< 7+7+ 0.7771} 0.75; <19 10>). 0] A% T =}t
ol el I} 979] I 2 L35 T(L.LRC 67-782 1.583),
ol T YARI FA Ipofl A FARE 71 A-8-5to] HAR
== ujgith. 9 g AlEl= AlAgo] o] 3 & AR ek
npo|AE 7|E HIE AET & QS HoEh Pl, P2, PS5,
P8, P9, P102 B4 TpojlA] wio]A2 7|&S viES o, v
710l weh ARl S S AU 4= Sl wEuE ks
T AT o] E ol g3tk

e $MOIE M HHE
RC
L= | (| =
> e it ﬂ f:' E B {1 =" lﬁﬁ % fﬂ l'qf.
prd way 1 I T Ll 2 L L b 1 L | -
o H:’ ;} [ dm 67 dm 68 dm 69 dm 70 dm 73 dm 74 dm75
o ° -
A 3
it S| em|E
afoj=2 Wit w2 -

dm75 dm 76 dm77

NR

o » | |ES|EE|FE

00|32 Wit Mt -1 dm 5 dm 6 dm7 dm 8
NR

v o = a0
8 :gﬂz T \IL " oee

Ofojm2 wat Mzt 2 | \_dm47 dm 48 dm 49 dm 50

=

dm 11

'S |

dm 54

-

dm @

3

dm 52

Fﬂ ]

dm 10

S

dm 53

P10

Zaoo|agr|Fze: g
= CIRR 2HY

ofolcof- n-th CIxRR! 2p
2

ofAl
Ci2 00|32 J|F o= Euel
= CIxtel apy

n-th C|x{el 2p%

n+1-th CIXtQI 2p

(I 10y P82t P100| EAIH TEIT AR|et Dj0|T2 LAt Xizto| 7
Bi5} T2 0}0[CIO{ 124 GilA|

A

(4) D= 2Rt MO IHF2 7|E Het

P72 HE TAR] ZPgoflA] tiFAQl 7| 20l thefdt 1
A s ST Gtk & £01, dm8-15904 T &3t
5 B 550 Al AU} Qs HHEE AFE 2AH
oha G, dm19-240]4] FSof| gt 7]%0] B84l thagt
FSE 7H HH=s 2Agicty GCHLLRSL, 8-15; LLFS,
19-24= 747+ 03} 0.333; <1 11>). A¥kdgog njg2 dkak
Ao g g ff 3 QYA gro] A9t P1, P3, P6, P72
32 A AZRS ARESE ) Al AH]o] ofolr]o]o] tietshs
A PafEThE o] H S Zloleta gt ot P72 A&
o= vj32 ¥kl Heko 2 ghalsiehd, A3Z-S e & 5
= o] I Zolgty F3tt. HEloAbd, tiaE o
Al e Igoll A a9t EA6HA] (ord HHEE A £
£ A B op g} tjztol | o] A7k Fjtel] & 4= e TARI

o] Basit

)

32 SERAILICIXOIEHS| =27 X323 185 EA1565 _ 2023. 2

ENRIES B HEE

RSL = E—, - : [
>< E%j} 'ijlﬁj L—H - ... ?T‘J
EETTNE ] 1 dm8 dm 9 dm 10 dm 11 ﬁ dm 14
kg Fs [
M| Cg || y
N L s | e sl e
ofaz g ez |Ldn o dm 20 dm 21 dm 22 dm 23 dm 24

Y39t Aol iR g Tha W e

oY
RS

tolciof-
Jejm
OllAl

@]
n-th C|X}Q! 2

n+1-th CIxjol abg

(g 11) P70| Mg WHE: A9 tHE= it M2 7120 M2
0t0[T{O1 12| Ol

b. 42 A oAIE

£ 7oA ofe]t]ol 15 o) 22 AHAS B3 Tl
Yo s 9 vlo|as WAt ek} Aee] ARAHE A4
7ho® Al ¥ 4 Qs B S ARkl 53], 71E 21
5] 9 ofo]clo] Leln] =RolA 75t ZaH Az 9 v}
olFz WA HE ofo|t]oldnE Ao RN B R
914) & %= 98-S BRIgiks Ao 7]oigo] gk Ek, A8 A}
A% Ak =z o vho| 2z whAL ek 7he] Wit %3 9l
0] Zfo|7t BAH O Goluah A0 ekt AlkE %
32 Bo whAk o] gAY Bk o} vo] A2 WAL
2 o4 o]z 7120) WSk AT 4 S-S Sl
3, AR S A A Azge] 2 §te] tztolu]
7} 440 Welg 50w 443 Ba glol 50w 7kt
<ol H 4] Wel S 2Aslko] Pl o] PRl Ak 3
& AUF 5 S AR Y|ghsieh. £ A7Hlo] o T, ofo]
tloles) & A tixol o] sha 9 nlo] i WAL Ak
AAZEO 2 APEF 32| o]tk o]t E M (black-box)
2} Bl tixolu o] Fua 2|43 A 02 YR TRl
T4 (Hyun & Lee, 2018)2 145K F.a3 Alolch. £t 2
upk Aol ol U7t WA R She Rtel 492 sjeksig
o £ A0 jol ol Bata, BPE o] AR
91 SIS To = Alglo] AgE Ylrk Tl Stk 19
U, 92 QIEAE A}8ste] WAt AEkE AHE0 R QA 4 9]

L 203 AF 20 TART §F A7 AR}
ol g oo w 27} ARG AXste] 1Y 2akE AT
540 24 Rtoluiet AEs} tizjoluio] upk Mzt wE
93 QuA o] Aol WY Aot o]F B, hAZ U
nlo] =2 bt Heke] Bk TAA BAH S5l 45T A
ofet.

£ A75 ), Irjolue] e wolstoms A
o 9] WAL ko] T2 ALAHE A AT 5 S A
QI3hck. AQkel Bl % uho] L3 AL Ak AP W
SRR, WA B, Qe o] olu]x] Al A 5 Al

o



510 47 283 4 Slck. T3 71 ASKs 7147 93 Qu s

£ 7Jvtos 5 ol U o] w4t Aol w ofocio1efu o]

11.

12.

14.

. Akin, O., & Moustapha, H. (2004). Strategic use of representation

in architectural massing. Design Studies, 25(1), 31-50. https://doi.
org/10.1016/s0142-694x(03)00034-6.

. Arvin, S. A., & House, D. H. (2002). Modeling architectural

design objectives in physically based space planning. Automation
in Construction, 11(2), 213-225. https://doi.org/10.1016/s0926-5805
(00)00099-6.

. Caetano, 1., & Leitdo, A. (2019). Integration of an algorithmic
BIM approach in a traditional architecture studio. Journal of

Computational Design and Engineering, 6(3), 327-336. https://
doi.org/10.1016/j.jede.2018.11.004.

. Comaniciu, D., & Meer, P. (2002). Mean shift: A robust approach

toward feature space analysis. IEEE Transactions on pattern
analysis and machine intelligence, 24(5), 603-619. https://doi.org/
10.1109/34.1000236.

. Cross, N. (2002). Creative cognition in design: Processes of

exceptional designers. In Proceedings of the 4th conference on
creativity & cognition, 14-19. https://doi.org/10.1145/581710.581714.

. Dino, I. G. (2016). An evolutionary approach for 3D architectural

space layout design exploration. Automation in Construction, 69,
131-150. https://doi.org/10.1016/j.autcon.2016.05.020.

. Do, E. Y. L., & Gross, M. D. (2001). Thinking with diagrams in

architectural design. Artificial Intelligence Review, 15(1), 135-149.
https://doi.org/10.1023/a:1006661524497.

. Eisenstadt, V., & Althoff, K. D. (2019, May). What Is the Next

Step? Supporting Architectural Room Configuration Process with
Case-Based Reasoning and Recurrent Neural Networks. In The
Thirty-Second International Flairs Conference. https://www.aaai.
org/ocs/index.php/FLAIRS/FLAIRS19/paper/viewPaper/18190.

. Frich, J., Nouwens, M., Halskov, K., & Dalsgaard, P. (2021). How

digital tools impact convergent and divergent thinking in design
ideation. In Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems, 1-11. https://doi.org/10.1145/
3411764.3445062.

. Fricke, G. (1996). Successful individual approaches in engineering

design. Research in engineering design, 8(3), 151-165. https://doi.
org/10.1007/bf01608350.

Garcia, S., & Leitdo, A. (2022). Navigating Design Spaces:
Finding Designs, Design Collections, and Design Subspaces.
International Journal of Architectural Computing, 14780771211073119.
https://doi.org/10.1177/14780771211073119.

Goldschmidt, G. (2014). Linkography: unfolding the design
process. Mit Press. https://doi.org/10.7551/mitpress/9455.001.0001
(ISBN: 9780262027199).

. Goldschmidt, G. (2016). Linkographic evidence for concurrent

divergent and convergent thinking in creative design. Creativity
Research Journal, 28(2), 115-122. https://doi.org/10.1080/10400419.
2016.1162497.

Harkki, T. (2022). Mobile gaze tracking and an extended
linkography for collaborative sketching and designing. International

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Journal of Technology and Design Education, 1-35. https://doi.
org/10.1007/s10798-022-09733-6.

Hatcher, G., Ion, W., Maclachlan, R., Marlow, M., Simpson, B.,
Wilson, N., & Wodehouse, A. (2018). Using linkography to
compare creative methods for group ideation. Design Studies, 58,
127-152. https://doi.org/10.1016/j.destud.2018.05.002.

Hing, A. (2006). Understanding the plan: a studio experience.
Journal of Interior Design, 31(3), 10-20. https://doi.org/10.1111/
j.1939-1668.2006.tb00528.x.

Hyun, K. H., & Lee, J.-H. (2018). Balancing homogeneity and
heterogeneity in design exploration by synthesizing novel design
alternatives based on genetic algorithm and strategic styling
decision. Advanced Engineering Informatics, 38, 113-128. https:/
doi.org/10.1016/j.a¢i.2018.06.005

Jang, S. (2014). The effect of image stimulus on conceptual
combination in the design idea generation process. Archives of
Design Research, 27(4), 59-72. https://doi.org/10.15187/adr.2014.
11.112.4.59.

Kan, J. W., & Gero, J. S. (2008). Acquiring information from
linkography in protocol studies of designing. Design Studies,
29(4), 315-337. https://doi.org/10.1016/j.destud.2008.03.001.
Langenhan, C., Weber, M., Liwicki, M., Petzold, F., & Dengel, A.
(2013). Graph-based retrieval of building information models for
supporting the early design stages. Advanced Engineering
Informatics, 27(4), 413-426. https://doi.org/10.1016/j.a€i.2013.04.
005.

Lee, E. (2014). Factors for creative collaboration of industrial
designers and Engineers: Utilizing linkography. Archives of
Design Research, 27, 135-147. https://doi.org/10.15187/adr.2014.
11.112.4.135.

Matejka, J., Glueck, M., Bradner, E., Hashemi, A., Grossman, T.,
& Fitzmaurice, G. (2018). Dream lens: Exploration and visualization
of large-scale generative design datasets. In Proceedings of the
2018 CHI conference on human factors in computing systems,
1-12. https://doi.org/10.1145/3173574.3173943.

Orthel, B. D. (2015). Implications of design thinking for teaching,
learning, and inquiry. Journal of Interior Design, 40(3), 1-20.
https://doi.org/10.1111/joid.12046.

Schwarz, B. (1997). Learning to write and diagram, writing and
diagramming to learn. Journal of Interior Design, 23(2), 42-50.
https://doi.org/10.1111/j.1939-1668.1997.tb00248.x

Shannon, C.E. A mathematical theory of communication. The Bell
System Technical Journal, 27(3) (1948): pp. 379-423. https://doi.
org/10.1002/j.1538-7305.1948.tb01338.x.

Son, K., & Hyun, K. H. (2021). A framework for multivariate data
based floor plan retrieval and generation. In 26th International
Conference of the Association for Computer-Aided Architectural
Design Research in Asia: Projections, CAADRIA 2021, 281-290.
The Association for Computer-Aided Architectural Design
Research in Asia (CAADRIA). http://papers.cumincad.org/data/
works/att/caadria2021_151.pdf.

Son, K., & Hyun, K. H. (2022). Designer-Centric Spatial Design
Support. Automation in Construction, 137, 104195. https://doi.org/
10.1016/j.autcon.2022.104195.

Son, K., Chun, H., Park, S., & Hyun, K. H. (2020). C-Space: an
interactive prototyping platform for collaborative spatial design
exploration. In Proceedings of the 2020 CHI conference on human
factors in computing systems, 1-13. https://doi.org/10.1145/
3313831.3376452.

SIRAILIC|XIOISS| =27 X327 15 EH1565 _ 2023. 2 33



29.

30.

31.

32.

33.

34.

35.

34

Sonmez, N. O. (2018). A review of the use of examples for
automating architectural design tasks. Computer-Aided Design, 96,
13-30. https://doi.org/10.1016/j.cad.2017.10.005.

Suh, J., & Cho, J. Y. (2018). Analyzing individual differences in
creative performance: A case study on the combinational ideation
method in the interior design process. Journal of Interior Design,
43(3), 9-23. https://doi.org/10.1111/joid.12124.

Suk, K., & Lee, H. (2021). Problem Framing Activities Carried
Out by Student Design Teams to Enhance Creativity: Comparative
Analysis of High and Low Creative Teams. Archives of Design
Research, 34(3), 23-38. https://doi.org/10.15187/adr.2021.08.34.
3.23.

Wang, P., Guo, M., Han, Y., Zhao, L., Zhou, X., & Zhang, D.
(2021). Ensemble learning-based hierarchical retrieval of similar
cases for site planning. Journal of Computational Design and
Engineering, 8(6), 1548-1561. https://doi.org/10.1093/jcde/qwab058.

Weber, M., Langenhan, C., Roth-Berghofer, T., Liwicki, M.,
Dengel, A., & Petzold, F. (2010). a. SCatch: semantic structure for
architectural floor plan retrieval. In International Conference on
Case-Based Reasoning, 510-524. Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-642-14274-1 37.

Yang, D., Di Stefano, D., Turrin, M., Sariyildiz, S., & Sun, Y.
(2020). Dynamic and interactive re-formulation of multi-objective
optimization problems for conceptual architectural design
exploration. Automation in Construction, 118, 103251. https://doi.
org/10.1016/j.autcon.2020.103251.

Zboinska, M. A. (2019). Influence of a hybrid digital toolset on the
creative behaviors of designers in early-stage design. Journal of
Computational Design and Engineering, 6(4), 675-692. https://doi.
0rg/10.1016/j.jede.2018.12.002.

=28 12022 10. 21]

AAF:2022.12.12]
AAF:2022.12. 29]
T2 : 2022. 12. 29]

SRUUICIRIISEI=SE F32H 18 SU1565 _ 2023 2



