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Abstract

Background  The rapid advancement of generative artificial intelligence (AI) technology has
significantly expanded its applications in the design field, introducing new possibilities for the design
process. As Al demonstrates human-like performance in tasks requiring creativity and empathy, the need
to redefine the roles and core competencies of designers has become increasingly evident. This study aims
to analyze how designers’ core competencies differ from those of generative AI through experimental
analysis and to explore optimal collaboration strategies that maximize synergy between AI and designers.

Methods This study begins with a theoretical review of generative AI usage trends and designers’
core competencies and then applies design thinking methodologies to experimental design. Three groups
with varying levels of reliance on generative Al tools were organized, each addressing the same design
challenge, “Smart Home AI Robot,” to observe how creativity, empathy, and innovation were manifested.
Finally, expert evaluations were conducted to compare and analyze the ideas and outcomes produced
by each group. Given the limited scale of the experiment, the focus remains on insights to improve
collaboration between AI and designers rather than on broad generalization.

Results The study found that the collaborative group integrating Al and designers outperformed
all other groups on every metric. Generative AI produced ideas quickly and broadly but struggled with
user empathy. In contrast, designers delivered refined and user-centered solutions but were less efficient
in synthesizing and communicating ideas. These findings reveal the distinct strengths and weaknesses
of each approach. The results indicate that complementary roles between AI and designers boost design
efficiency and creativity. This emphasizes the need to develop effective collaborative models.

Conclusions  This study confirms that generative Al is a useful design tool that enables rapid idea
generation, while designers’ core competencies remain essential for creative problem solving and user-
centered design. Al quickly produces ideas from large datasets but operates only within its input, limiting
novel proposals. In contrast, designers refine and expand ideas and offer solutions that connect with users
through empathy and human-centered insight. These differences indicate that a collaborative model in
which Al-generated ideas are reviewed from diverse perspectives and refined by designers is effective
in driving design innovation. This study emphasizes that such a model can enhance design quality and
provides foundational data to offer a clear direction for future research.
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1.1, G7E & =5
FZ ChatGPTeF 22 B4 Q¥4 5(Artificial Intelligence, €13} AD 7]&<9] 43¢ drde 4g Auke
EE YA BopAE 1 85 E AA ot tAQl ZRA A R HEHE AAlStL YTt
AR Al= g5t = 9lo] 2el(Large Language Models, LLMs)& 7]¥to 2 w3t glo| g S B A3}
SHETORHN TRl AY] A& o], ofeltjo] WateA & Btk E3], A7}
352 1Y £ 9SS A5sE A4 Brown et al., 2020; Zhou et al., 2022)7} R =HA AT}
stelet A5 et gAQl FopA Q1EAl5ol E-§5ol(Jeong
& Kim, 2018) A7} §ARE ATE ¥ 5 Y3 HoEh olAd AAEE AZE TR oA FA
ofolt]o] & HAtst= H FHeld %a% Ko|A|ut, 2o A Aparel Abg-A el tigt 712 ofsfli= o] 45| HAtol
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Table 1 Schematic diagram of the Experiment & Review

Step 1 CiXto| 4 2] sk 3 OFO|H|O| M Y20 Chat 0|2 &
CIXtO|H 2] MR - Hold, Sy, A8Xt S8 53
o2y ud
C|XFQI AtL BFHE — How Might We, 4-3-5 Brain writing, SCAMPER
Step 2 HIW 2% BOIAL 7Y H A HATY
8 A0 HOAL 9 - HlWF 37 TF - Designer &, Designer-Al 1, Al-led 15
A¥ HATH - HMW — 4-3-5 Brainwriting — SCAMPER
Step 3 J8Y 3 T3
. A3 FH - 7HH8 ADLE Al 222 FR|Z 3 0fo|Tj0f £5
AE T - O 2 CHOJ0F2 22 ‘Develop’ HAI0NIA] OHOICI0f =& & CIRFQI AJ2tst
Step 4 H271 87 QIMOIE =5
Yot YA - H RS QHR, 5 2HE HE Bt Es 7Y
HE7HAHF
HIL 20t - QIMOIE £, U0 Tt 524 =9
Step 5 G AlRF CIXt0|H 2] el Aot
—— Y LY MOt - Y Al TR0 O] N AR S Y23 HEY YSY AA
AT M - Ao B & 24 A et Mot

92 d(deep learning) 7|5t Bdo 1%"‘3 ol A 58 J5S BY & Aue ‘?J% }. °l° H}*QM
9](Vaswani et al., 2017)7} EsRA Etﬂ(Transformer) F2E TRSHHA Aol AEet o]u]A| *J)“é 5
chofet GoellA 1% Al Zdllo] &
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2.2.1. 324

o4 (Creativity) 2t o] ‘creare’ W 1220 ‘krainein’ oA Fefidt A2 fFL £ AL WE 4+
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A4 (Innovation) thFst Hofo| A Fa3 JahE ol= M o8, A= 2 7& FA9 Ed3 A5
FAoll FE o, 4101] OARl HA1E B3 2L 713 FEo] oS 2T 9k, W27 (Verganti,
20090 “AFEE2 AFE ool &7 714 AA tiol] AlFS A et 152 1 Aol B dere
oju] wjEof Fujgtet’ 1 Fxspch. v} 71E&H ARG Aulg, AR, AR, 2EE
AEE THste ARl g4ld o F8% 7HAE R 9SS oneith E, 279 ;*J% F2 7]Yge
Tl A Aol sof gk, 90 o] WRE AHAF T A SAlo] HolEr] AFYSS TAT 4 9t o]
*311}91 Q?Lﬂ F43] Wzttt Xﬂﬁ«l #%%7]7} ”‘OHJ of w}
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Lee, 2021), A7) 2ASO ‘A Holckehe e £7] SaA AR5l 4TS olalsln 1 4 ol
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ol AL 915 AAALTE FINOR gAY AT oldfel] WFFH AL DA GFO oo}
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A A4 Aol Bs) 149 AES e AL Wol, A4 AEL FEHOR o Tojof
ek ol 915 H5e FAes oA A1t 8ol oon, 2013), ol AAY AL eIk oS
AT 25 9l Aol tzfoluizt 7144 ol Yol AAA FAS B 2HAE olasty g4ste
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centered Design] 71 30 5 842 205, 0|48 ABA Fdo] SUSAE A A8,
AA)5|(Chung, 20190 HAeld e 33 Sdol Hold4% g4 78 o & ojsheta ol W
Ade angos ANE & Ak g ok 4 59
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2. 3. CIX}QUAID W2

B 9o A= HMW(How Might We), 4-3-5 Brainwriting, SCAMPER Al 7}4] 928 dAd 2 24359
IS S Fuiskotal FoA el ofelt]o] =& £xl5tazt et o5
AFal(Design Thinking) ' E2 &, ofolt]o]9] A} 35 wole Hl 7|ootH, A
FYoHA Agaf EEH otoltol] £EE BT = YL E i)

Beke(Brown, 2003)2 “How Might We(HMW)"& & ZAIE 38 4oln 7tsA & HFo R
JJotE & AIjbelitt. o= ‘How'ghe 8 Sofl sl EA4E 7Pdstal o4 At oo,
‘Might'= Th¥et 7HeAS do] Fof ofolfo] AbE Af-FA stal, ‘We'= AL 53l otoldol&
AA 7= A IS on|eith o 2gt P42 A9 4L Zlo] wofstl, A FAst= o4
ARaLe] S 0 2 vl f-8-5l

6-3-5 Brainwriting B'H22 ‘Bernd Rohrbach’7} 7Hder 15 #x9] HAQIAEY WHo g Aol
A=ote] H4l IS Aot AS HRE S} o HHES 689 A7 242 3719 ofelt]olE 57
B A T, olF thE FAERA AEste] ofoltjolg ekl WA= WA 02 P h(Song,
2022). o] H}AHE wrETFC A AgH AZF Hell 5 108709 ofeltolg E&T 4 9lon, ol= A7t
AT Ao ZoA A1 S Zdisksh= o ant# o|th. BrainwritingS Brainstormingoll A £k 4=
l= ] gutoli; 27] ool ofof gt 1M FA ZAIE 243t A7HE0] AR ofolHolE
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A 8% BRI B AANE SR o Tl sl Afeters, 2029 A PUER
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Mgt wpebA] 2 Ao Al F7ERt 4ol $5=0] 4-3-5 Brainwriting 'WHE 0 & FYHct.

SCAMPER ¥ &2 AL df2dst7] flsf < 8} Al BZrs7| ke Q193 ¢l ofolrjo] WAHOo R
A AE wet BHAQ =gjo A Hloju} E& o1 thefet ofot]o} S WAFshE o f-8-5tthHwang
& Huh, 2020). A4 #](Chon, Moon, & Kim, 2023)h SCAMPER®} o= & 02 77}x] 2o EA-sH=
Z& o|u]she, Substitute(thA]), Combine(Adh), Adapt(#-3), Modify(44), Put to another use(th2
S5 2 AHE), Eliminate(H] ), Reverse(d4) 5o GAR A== ol2gt #22 Foi7 FAU £A |
ot §5A A &4 S glon BE 73S 3T Yot gloky Ayttt SCAMPERE 53 shaAte
ofolt]o] A TA A Lyl whakgtat gaghe ehslstal(Park & Moon, 2017), 22 el A 2272l
|AYe dAT 5 9t

o]4¥ HMW, 4-3-5 Brainwriting, SCAMPER A 714 Wl 2 dAA|sto] ALEFo2H, B ATLoA]
7RSO Xﬂﬁ% A7 ol E EAIE HEs] ofdfatal thtER He o4 ofojtjolg &
FuA gc 7 HEL 3EH R AR FAlo BA Fojot ey ofo|rfo] AL FAISIE R
HolzEo] WH3e 4 = FH FY IFE Folehe 9L T A0 /it
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3.1, 48 47
99 19 ool Ul A% AUS BT FolA5S O Table 29 2ol Al 1FO 1ol
Amsick, A, Desiner 15 014 A5 A5 oboldold WS 2 AL Il
AT HAAE 2 AL B ool B £E51 TSI EA, Designer-Al TEE A4 Al
P A7) Fold Aol Qi AANER FATe], AL 5431 B3] ololtlolE AASIL o2
gow gAdE WAL A BAL ATt vho R, Al-led 1H-L FoIRSo] ‘Custom
GPTS 71’58 AH8ate] AZH A=t g ofoldold 14S S5AA AF oz A2d Ued
o Aol Al me A3e ARt g 1ES Felxke] Y glo] nle) A4 ofoldold ARl
et 4502 oboltlolE £EL, Ak ctoltlolsl HAAE AR ThA Stuetel AL AF SRAL
AR A,

Table 2 Composition & Profiles of Experimental Participants

T ZH0{xt ] EE 2 =ot AL Al E7
CIXtolL 1 o AAt HIZC|xtel n/a
= CIxtolLd 2 o AAf HIZCIxfel n/a
(Designer Group) CIXto|H 3 o A HZCIxtQ! n/a
CIXtO|L 4 o AAb MH|ALIXFQ! n/a
CIXt0IH 5 =1 A HSCIXk! ChatGPT, Midjorney
BH CIXLOIL 6 of At HZC)xQl ChatGPT, Midjorney
(Designer-Al p irro
Group) CIxto|L 7 of MAp MH|AL|XEQ! ChatGPT, Dalle3
C|Xtol4 8 o HIECXtel ChatGPT, Dalle3
Al'1 - - ChatGPT, Midjorney

CEl Al 2 - - ChatGPT, Midjorney
(Al-led Group) Al 3 - - ChatGPT, Dalle3
Al 4 - - ChatGPT, Dalle3

2 A= AET Alg dAtelq o] dl ko] tiAel ofogo]d I oA o EA AR HE=AE F6H]
ffsf 719 =ik Ad2 HE tolot2E HARl ZRA|A F Develop” BA 24& %590eH, o
A oA oA olo]t]o] vhAlTF BA| gl o] K o F o] o] H T}

A3 FA= ‘Smart Home Al Robot’ 02, - 7H38k7 o ] thekst da-e 433k 4= 91
8 F71 71 S TYstA). s FAls A5 SIA S ARSAL e d A0t
AL7E @R, fRielq o] dil ool A4 THE Ao R |vEc) 3, 7|E A
ATE ¥ d d3 s F6 A5ste 2971 B3d de 18ste 2 A+t st
AEE FEo=A Aud A dolHE gustal, o4 7|9 AAdE &8 7S
Sk
A FASF Bste] 78 2R T, AW AE, 7M1 HE2ay 9 A 59 ARE AR
Figure 13} Zo] Algstgict. o2ldt Ame A AE 956k, FojAso] 2438 ofelde]d #Hofwt
A A= st 53] 7M1 2 auet AU o= FolAEo] ARAL S Aol A EAl
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Introduction Market status Competitor Persona Design Target

BAE =

Figure 1 Ideation Reference Materials & Virtual Client Brief

I8 A9 A3 AL Figure 20] Ashgh. BE 189 tis) HMW(How Might We), 4-3-5
Brainwriting, SCAMPER Al 7}4] tjzlAty WP 2-S Fdsh A8st=, g +29 Al ojulx] =&
WAl 2 AolsHA AAstATt WA HMW A A E 7 242 8 Y25 TEste] EAE Aot
1, o]o] 4-3-5 Brainwriting TAIONA ZF T5-2 oA FHE AES v o2 ofo|tjolE FA5Ytt. of
Aol A 4] ofot]o] & AATIIL 7] 53 FEfE =25kl o n, upAeF o & SCAMPER T o]l A] ofo]tjo]=
o] & FASIE Tt Designer 1&-2> AAIAE B3l oto|t]o]E AlZHs}sl9 AL, Designer-Al 153 Al-led
52 olv|A] A Al <1 Midjourney?t DALL-EE Atg-sto] AaHES FasIglh. T&H oteltjolet

o] XEH & Figure 29] £-Zo Y2t Y A9 gojokx FA o0& Ao, Ao, A, 374
ZHolA HE7F H7HE APkt

1st Diamond Develop Deliver

- HMW 4-3-5 Brainwriting S.c.a.m.p.e.r %
JHE FY Y I8 2R ofo|cjof E2 3! 7H3} #Z ofo|C|of £5 #Z oto|c|of 23|

=

- H.MW 4-3-5 Brainwriting S.ca.m.p.er @
- : B\

AEATE Y IE 3R ofojciof £2 o 7zt 2|Z oto[cjo] =& Alut2|2 9 ofojc|of ojofx] 4

wa weonxniae
HM.W 4-3-5 Brainwriting S.c.a.m.p.e.r B\ @
G R
Al0] o3t RHS 2R F2 Al Fz ofo[ciof 4 8l 2F Al &= 2|F ofojC|of == AlLt2|2 2 ofolciof ojofx| 4

Figure 2 Experimental process for comparative experimental groups

E )

dlojohx B4 AP AR olfr= AFA ZRAAE WEE Designer Z150] ARt AZE WellA

W TRl AR AL FEsHs T gl Ha) A7 AL el Eeldt 4 97 uelth AR
o5 TFL 2K Ho] AUAOR W Azke] Aaw U, Al-led TEL olu]x A4 Azko] A
GEH o] T thE AW A7 nE A% SAS TAE AHE v ik web, o elg

T BT LS 95 Al W] AT £A gk A, BE 2Fo] FU
oA EH WA Aol 2 Haseta, 2 159 oboltolrt Felu, AAA, B4
Seolet Syoere duht & MREA IFote] ABA 02 B 5 S AL AAHAL,

AP FoiREo] ofoldlo]d HAollA A9 Y 24& SHoE] flal] A HAo| 7He3et Figlam}
Figma% 7]%2§ APttt WA FiglamS 539 ‘How Might We(HMW) A& &%

ingS &§3t ofojtjo] &, XF ofolr]o] A3+ © SCAMPER 71H& H&ot= A A&
AANTTO R FR3FIL =000t 5 sHylt. o]t IS Bl FolAEe] FY WS Ao R st
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7153 % 919L07, Figure 3°f S BAE Helshaint.
HMW S A S ] o] Folxzh 487 chil el 9y AR Fastel A4 183 FH5HAL,
olo] 4-3-5 Brainwriting® 3 ofe|tlol& SHyaleict. 53 %712 2 FolAt e Foldo gejoz
oI5 3fcl, AR ofolclole] A2 ofolelof st At o} Bl A
o A3 5 3 kel ofoleiol Sasision, Loz |
ofolclof SCAMPER /192 541 6% 218} 512, 5491 9 A 3l
ubAeko 2, 94 ofol ol FigmaS Abgate] Alukele T4, Aluls, AHgA A, TRl A9
3}

s o =%
o e dolobol Felstaiet. olsh 2L 7 FHS Fol FolATol ART FYT} A v e
B0 2 ofo]tlo]9] =S £4 4 YT Shict.
How Might We 4-3-5 Brainwriting Scamper
Select Five Qs Select Final Idea LT Idea Develop
Propose 3 Ideas Propose 3 Ideas
‘Combine
9
Adapt
i3 S min Cycle ¥ Mo.m Final Idea
Propose 3 Ideas Propose 3 Ideas complete
Putto another use
& 5
Eliminate
Reverse

Figure 3 Participant Engagement Ideation Framework and Method

3.3. 1Y &= o 1"
Designer J1&2 HAtolH 719 AFA dYS 5o & . 7}
AEH 0= ofolt]olS AN 7, § ) B4 =018 AH ofoltlolS WAL AUL T otoltloji
oS sk o], 2te] dlxpelnt Abg Alrel e AAAE Fof Aztatstet.
Designer-Al 1&-& 843 Al 582 &85 w23 G822l ofo|do]d #d& sttt AV} ohadat
oolt]ol AAEHH Fol4Eol ol BrhsHa Mekshe FefE AAH o, ofo]r]olo] WFA L A
FEHL TS0l FASIAT Al F= ofolt|o] &3 A7 2k Ao E-&HH, AT AT ol Al
ofoltfole] chapAlat Am@ PHES ol d) 7]ofstant.
upxjgto 2 Al-led 18 Eas g8l O}OMIOI’E Zd 77
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Table 3 Generative Al Prompt Guidelines for Al Group Ideation
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Table 5 Expert Evaluation Criteria for Creativity, Innovation, and Empathy
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