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embrace failure
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*ALI2|R Z=& A& 2|AE : Designer-Generative Al Ideation Process (2024)

Human-AI Co-Creation: A Framework for Collaborative Design in Intelligent Systems (2025)

Following this,

designers analyze and adjust the images generated by Midjourney, archive them, and proceed

to the sketch-driven image prompt stage. In this stage, Generative AI utilizes both image

and test prompts for visualization, while designers continuously refine the design concept 8 keywords to write to prompts based on design

through evaluation and interpretation. it to set clear design directions for designers by

<arget audience, and fundamental design concepts, which

RETINE e

In this middle tier. the Al engages in a dialogic process with the designer. | vital role in the project Building upon these initial considerations, designers gather
Users can iteratively refine prompts. cnuquc outputs. or steer the direction t images necessary for deriving key keywords to visually express the fundamental
of generation. Al models provide in-situ explanations (e.g.. rationale for
color harmony. spatial grouping). which helps establish trust and mutual

pts and direction of the design. Each image encapsulates elements intended by the
aer either shape or CMF. In preparation for keyword derivation through Generative

understanding. . . .
< the subsequent step, each image is meticulously curated to the composition of an
image callection,
importance. This approach is vital because Midjourney interprets the first key ina

£ & SALZ EM510] CIRI0|-AL HYL HO| EA £ 5

® Cixto| IRE

Al @AIIRS

Ab

H|SSICH | Provide

Z=Z0IC} | Extract

o

AISICH | Recognize

2 MBI | Analyze

ZHSICH | Adjust

Z{2GIC} |Conjunction

prompt as the most important, thus clarifying keyword priorities for prompt formulation. In the define phase, designers provide reference image prompts

to Generative Al tools like Midjourney, based on their hypothesis and design intentions, to
This stage proceeds as follows:

) ) | extract keywords enabling designers to generate a diverse array of images aligned with their
1) Image Input: Images from the image collection are fed intc

prompt. expectations
2) Keyword Estraction: Midjourney offers sentence-based descrip

sentences per image. At the highest tier, the AT system exhibits initiative. It may recognize
3) Keyword Refinement: Midjourney’s outputs are used with Cha  patterns in the user’s style. anticipate needs, or propose radically

and organizing pivotal keywords. alternative directions unprompted. While such behavior can spark deep
creativity, it also introduces ambiguity regarding authorship and system
transparency.

Participant 1 discovered novel words like ‘Rollerwave’, ‘Tra:

and ‘Swivel' among the extracted keywords. As shown in Figure 6, participant :

Ho|oiCt | Define

18
—_

r

=23ICt | Repeat

EFISICH | Explore

GllZ5tCt | Anticipate

MSICH | Analyze

M

MMBIC}H | Generate

U=HSIC} | Input

HISICH | Archive

QHSICt | Request

keywords to generate images in Midjourney.

1ase involves reviewing images generated in the previous step and
selecting specific elements for archiving. Given the limitations of Generative Al in accurately
on, designers identify serendipitous elements of inspiration within

During this stage, participants employed Midjourney's describe prompt to extract AL-erafted o' 250 Lo B PR TS B et subeequently

MHASICE | Select

2HEoiC} | Utilize

2ZEISIC}H | Gather

ALt | Set

OFSCH| Formulate

Z=3GICt | Extract

i

descriptive phrases from image collection visuals. ChatGPT analyzed these phrases for

e concept.
keyword quantification. For participant 2, unexpectedly, non-design-centric keywords like 4 constructing image collections, Participant 1, focusing on the Generation Z's
‘style of and ‘Leica’ emerged significantly, as depicted in Figure 5. To refine the analysis, ~ble viewing experience, selected images with organic lines for their shape aspect, as
participant 2 defined CMF-focused criteria for keyword identification. d in Figure 4.

P tRa S1A7 nomant_imans collections were composed of elements that evoke comfort to
Participants extract and analytically assess design elements from generated images, __ . .

reen usage experience. For instance, materials such as wood

concentrating on specific parts or features to refine and solidify ideas for their final design

A and manlei canaon

concept. Participant 4, as shown in Figure 10, combined *ha-=
By employing the created images as image prompts in conjunction with text prompts, they

In the Define phase of the Designer-Generative Al Product Design Ideati( were able to use images to articulate difficult-to-describe keywords, leading to more precise

designers formulate hypotheses based on design intentions, inputting images fro, gutcomes.

keyword

collection into Generative AI for keyword ion via i

H|ZSICt | Critique

HESICt | Review

N

HAMSIC}H | Refine

H|QtSICH | Propose

A

20lLC} | Provide

X ZEGICt | Steer

B&t5|SICt | Clarify

8

FASICE | Discover

MUl

AHESICH | Identify

In this phase, participants explorec In the concluding phase, sketches were formulated by amalgamating ideas from the

Participant 3, as illustrated in Fig image archive.

prompting methods. The use of Category prompting effectively generated images focused on
product design, while Narrative prompting produced images related to user experiences and
scenarios. Participant 4 utilized the Narrativ
two different focuses: pro duct—cenlric anau TheAl analyzes a designer’s portfolio and autonomously generates

for the product-centric prompt, “TV Screen’ :pgrulanve Ul directions that deviate from the current design language to
stimulate exploration.

recognize it as the main element.

After reviewing a layout, the designer requests “a calmer version for older
adults,” and the AI not only adjusts spacing and colors, but also explains

is reasoning based on accessibility principles. In the ideate phase, they employ a Positioning Map to adjust text prompts based

on these keywords, facilitating the repeated creation of sophisticated images.

68

Z7JSIC}H | Adjust

MHE|C}H| Curated

HESICH| Review

AMMSICEH |Generate

0=

AMSICH| Produce

AHESICH | Explain

T95ICt | Compose




69

2.2. C|XIO[LA-Al 2t 5

o2t 3o
2) C|XtO|L1-ALS] €Y SAH A
@ HY W S| EID 71X 2
- 255 19 SAIS(CIX0| & ADS HIECIXIRIZZA|A Ml HlAS
S8 FRUOE JIOR Ul & YA B  WUTVIOIN AL
@ C|Xfo| 11

SAl @ AII|SA

2IMR| Aigad - AAISHCH

SICH| Input
E9I8H0ID| KDY

1215}
dsg

M &SSHCH Prowc\e
ol0jx| ZEZE M2

JIUEFE
USILH Input | AHAKGICH Produce
EEEE ol D|EXL| Y2 4ht

HHISICH | Refine

ojexUzREaPTM s = O0fLF| Extract
g, gel J|Qc =5

#&0tCH Extract

2|Afx| Alel : EHAISICE

2ZISHCH| Gather

GlUCEER)0pRSY | A1E

~ISICH| Select
Aot 00| X| Al

MESICH| Curated
(ALS TP s FH 9

E

olo|x| - §
T/dotCtH| Compose

HUSH=O0I0IXIS2 Z3lH 74
FE0ILH| Extract | 2AMGICH Analyze
0|0|X| LalMe| A2} Kt 8 2HE] U= YYeIE 9T A

ADHYGSMSX PRS2 S

2258

Z9|5tLt| Define

olo|x| 2ise|

SIC}H| Refine

A
S U= A IIE el
242 M5 s °

CIXQIERH 445 : 4 2|TICt

£2I5ICH| Formulate

EIXPOIM O| = HIEOHd 3

A3 (Task)of| O{&!

15 A FES0| A LIEHE

[l PN o] a3l
2| M| 237
2|M% -

el AR A
AAlstct oIt
(Structure) (Ideate)
2IME| A AHX| BH

EpAtiCt Hotsict

(Explore) (Evaluate)

CIXt! AFHIR|

EPI A% 2yt

dolsict st

(Define) (Select)

\ J

AR MR ST

e

HSICH| Adjust

HHEGICH| Repeat
D E3HEIO|0]X|EHg 8

AIGICH| Recognize

SHH|SICH| Conjuction

ZBICH| Adjust ’5'—’“‘_’}[}

HA{ X‘i %=1

1&g ojoix| = Lot Utilize

HITH5ICH Archive AI’-I!E—IUMDIDIKI gae
O ve HEEDERE
ATA4 O[0|R| A3 8

231|%| £5 : HIlolCh

SHAIGICH| Interpretate

H2t5|GICH | Clarify -
o W3lksi s
SR Sl et 1X|5ICH| Refine
— CIRtQIAy et
HESICH Reviev ]_r
(EFRaMHITHOIH | AlESICH Identify
O|0|X|HE _IExl 3| LA FUAQL

HILGICH| Evaluate

MASICH Generate
oln|x| 444

23|71 2ot : AFSHCH

9245ICH| Discover
FEE5IRC ZM2LII9IC

C}| Extract

>
T
|

—’é‘—?j’g] |5F CIXIQIQ A

Ob=CH Formulate ‘

= A9 #8318 Al X - HAME S FISHA|F|= 20| X &9 A X &4
(AL - ArS E5ff AL1O| Z 8H5f / C|AIO|L] —» 43

A
<EQ CHof>
AASICE (Produce)

2 MSICH (Analyze)
HEESIC} (Repeat)

<EQ EHo|>
HO|BIC} (Define)
M7HSICE (Select)
HIISICH (Evaluate)



2.2. C|X}O|L]-Al ZtA| 5! st Ao

3) C|Xlo|Lq-AI 2tA| Hzl
@ SALE 0|83t CIXIO|L{2t AIS| HE 2|
- CIZO|L] D RFAb: x| Z2HE 1

o| sliAl=io] oAl Ei0j 2t

- CIAto|L: Z2XEo| e 4 & 2[F Zit=2 S22 7HXIE HYAl= SE9
- Al DQEA}: Q1210] 23517 | oL H[ESZ0l ZHMiS 3R =2 W= £ 5 2 X2|oH= o 2H

- AL CIXO|He| 5HZ EAoll SUAHAFT= THTHIIELH
- =8 Z Al AVt

M5 U5 2

> EHegh olg S O] AILXITL 2

SEEI= HYS AlAL

2 AAES ORIt FHH EEE WHAMI =

Cixtol AJ-SA

ZASICH| Adjust

HN|&3SICH| Provide

QISILH | Input MEE|CH | Curated

2ZISICH| Gather HHN|SICt | Refine

N

SHAIZIO] AFSEER

534

Al 21 ]33FA

HIASICH | Archive H5|SICL | Clarify

BM5ICEH| Analyze

2HEoiCt | Utilize

Z=Z0ILC} | Extract

AMASICH| Produce

AFSICH| Set AlHSICH | Identify

AMMTICH | Generate

QIAISICH | Recognize

MHTIL}H| Select 9FASIC}H | Discover

ZHESICH | Review HO|5IC} | Define

SAZSICt Conjunction EFTISICEH | Explore

Or=LCH| Formulate 2TICt | Compose

HHESIC} | Repeat

Cixfollf TREAF >
Al 19&3AH-> 2l
FEEA - Al

£ & CJAO|L49] ZI0[0t =8tX

e 11—

70

o|0| A & Znfo| AA M T E HEGH= M2k gfjM.TiCto| 319

L L | Ul'j:”E I'-IO'I —'—EQ" -'-'-EE :LEH§|-'O'|-'— |'—‘O'1 Ai |UH.AH}\|-OI uHO|

2 ASto0] Zto| A ZntE 5hxl

= I-E EStA 5104 UHIOI




2.2. C|XtO|L{-Al 2HA| 2 Hgt o

3) C|%}o|Lq-AT 2| &=l
@ C|Xto|L{Qt AT ZHA| &2

- CIRfO|LA2t AT 4] Q| (B ABICH &1L AAISICHS) 29
> £ ZH7} Tha st X|Al-AlS THJL OFLl 22 SE S shof ZHALO| ZHHS HIS|sHe 90| BAAS AlA}

- 2 SAOE, Ao Xto[It ZXH g
(AL: SO Yol RU0f|A] HRMN JHs A SiCl / C|XIO|L]: 210|Q} BHEtO| RI0f|A Z=2HN J}%| HOY)
- H|A|3HHICHSE H|O|E{ & ECHZ C|XIO|L47} £|ZX{Q1 E2tu} o|0|2 ZXRoH= 4HT HLtEOl AL Z|Q] S £ 34

o 1

FEsA AL Jhs 4 2 CIxfo|L] &gt : 17| 50f
ZE5M SMBICE | M Hl0|E] 2A5t0] 2707} 9 BRI QA4S FTSHOS
- (Analyze) | — ki, THEl =5 - S S
MBI | Analyze
ZFEOIC} | Extract == _ —
. FEoICt YLk ElAE, O|0JX| Of| M YEES S0M SH HER =
Y/4TIC} | Generate (Extract) - HAN M =25 - Al J}R|, AU =S
' gSITt FOT ZA(RT) 2tollA A CHRHS Ol M
- oto[c|o] &, M2 JH'E 4doto] AltE et

(=B )

(Generate) - CHOH(Variation) A4

q

- TRRIEO| S & IR 2 ~ THEPH QAZYRL, 2IF Q)

CIxto|L4 Haps 7|8l MG Lo e ey a o o
- AL EHEB OHS S ETIE oA 53 £5 & 2|0|2 Hoisio| ZI1E ot
RIS A - HIZ S 0| T HHet KIS W2 X2| - CIX0[L{0| S2S B O S25H KIS T Al
o - _
- 2T HIO|E| 241 & CHOH A » Z0I% T1S 42 315 & CIRO|LI2] SIARZE R|2

71



2.2. C|XIO[L-Al A 2 gg Hof

3) C|xto|L{-AI 27 B
® C|Xto|Lie} AIC| &3] 1=

- AIC| ZutE: C|AIO|H | nXAHAQI B2 & ol §&S fI%H ECHE 2UH
- CIXO|L & AL: Xl AT HEHS Fol, MZ22| 2220l 2 IHYUSHH IHxIE Hots =2HEQl $i8] 2% S
(&8t LZA)

CIxto|H 1]-SA

ZHSICH| Adjust HI33ICh| Provide
QIESILH | Input MHEE|CH| Curated ZEEA Al 'T"%%M‘
= o
£%I51CH | Gather HRISHCE | Refine N St Utilize
2 M3ICL | Analyze
H5ICtH | Archive E5(5iCt | Clarify ‘gerotet| Produce
ZEOICt | Extract
MEsict | set AIEBICH | Identify 2EsItFFRecognize
MdsicF Generate

MAESICH Select 4IZA5}CE | Discover =5l &cheat
HESICH | Review Ze[olCl| Define

S25ICH | Conjuction BISICH | Explore
UHSC}H| Formulate T’g5itt| Compose

(&g FxB)
CIXtO|L £7| Wk HIA| H|Z (Provide) - A%(Set) - F2|(Define)
=8 E A >
Al \.  shEbEl CHOH R2 ‘4’3(Generate) » 24{(Analyze) — QI4{(Recognize)
CIxto| 2N Al = HHI(Refine) — ME(Select) —» 74J(Compose)

iy
g
-
e
us}

AL N Mze s Rt HH= (Repeat) - L (Utilize)

CIXtO|LA2| tHeE A% —» ATO| CHOL AAL Zut/ ATO| HT}E - CHA| CIXIO|LIO| THEF & 641 AH2
~ o|0[o} IHXI7} FH-Fletots £5HA FHol L% Six

72



2.2. C|XtO|L{-Al 2tA| B

et ™ol
4) Az
- ) 2 CIK0|L19f Ali= A1) 0019} 22 Lixeof a2 e 2ot 2
- oigto| Bat: AL (OFs A £ + CIROIU] (48} & 27 S4) » ZRHA FE
S ELIETN

T A2 gitat ~THO| HIS k| = 5t

QURIA At1o| 4THA|

_ R ERAe
E-E8tel ox| 1x2 5

—2F EHAIOfl M EIXFOIL‘IQP AIS| At ~ZF0| CHE
CIRIOIL > AN S5 AT

S| __rL7:j|-7:I-O|x-I S{AI10| THA

ofgt 23t

& R A

AL: 7H5d 2hgt

4’d(Generate)>&4(Analyze)— Et=(Repeat)

CIRtO|LA: 71%| 2H4d

9| (Define) —» AMA(Select) = HX|(Refine)

215l (Intelligent Executor)
7
S|

X|Z|(Strategic Orchestrator)

Al: R 5H
C|Xto|LA: FEF

2

F
o[}

121 A 2%I]

C

CIRbO|LA (3k H|Al) & AT(CHOF 484
MEo| H3tE HIEC R A& F o
gl g

Al - X5¥ dYT
Al - At19| Z b5 (ST EY U= AE XI2) ZAL = EH 2
CIxto|L - Af21e| Zlo| 2% CIxtoIL - HEFY - =8 AI2| 2ttt & CIXtO|L{Q| =2 it
» O A -H'

AL (27 + CixtolL (22

=

- C|X}O|L: £E2] A[CHo|| 210|2




1) A7 |5 HIZCIRIQl TE2A|
2) ALV |gH HIZCIRQl TEA|

3) 2E

> 1>




2.3. AI7|E HF LAl T2 M[A

2k

—

AT 2

NO.

75

1) AI7|2E HIZCIRIQI T2 M| A 2HH A
-SHA13|YE HMS Edlf 500] HO

(HYZIAE - ALTIRIQI EE, AL-QIZH &

10

11

12

13

14

15

16

17

18

19

20

N

=& HIE (K7L AE)
A Study on The Practical Use of Generative Design (Na & Kim, 2021)
A Word is Worth a Thousand Pictures (Kulkarni et al., 2022)
A New Frontier in Design Studio (Karadag & Ozar, 2025)
Al As A Co-creator and a Design Material (Yu, 2025)
Al in Design Idea Development (Figoli, Mattioli, & Rampino, 2022)
AI-Driven Tools for Advancing the Industrial Design Process (Ozsoy, 2025)
Artificial Intelligence-Assisted Product Design (Feng, 2024)
Designer-Generative Al Ideation Process (Kwon, Jung, & Kim, 2024)
Directions for Al-based Tools (Chung & Choi, 2022)
How Generative Al Supports Human in Conceptual Design (Chen et al., 2025)
Human-AI Co-Creation (Liu, 2025)
Human-AI Collaboration by Design (Song, Zhu, & Luo, 2024)
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Participants refined their prompts both to bring out aspects they found successful in the initial set of results, and to steer results away from undesired properties.
() RS2 27| ZH0l|M GSHO0IUH ZHS Zotolyl, [oHA| Qb= E48 Tl /It ZEZEE HIRE o= 2Lt

Prompt editing enabled rapid, non-linear exploration by moving fluidly between concepts and styles.

(H%) ZEZE 4792 Dt AEIY 2 REF0| 1 HIMH 0! ELE 5P Tt

By enabling the rapid realization of novel ideas and unlikely combinations, text-to-image models enable an exploration of the design space and fluid collaboration.
() 22 OfO|C|OLL Ofl ot B g 2| TS O{LHO] CIRIQI S2ke| S E] BRIl QA5 AU E J15SHA| STt

Participants evaluated Al outputs through group selection and iterative prompt refinement.

(o)) VIR 18 Mem b s T2 E £HE Sof LS| 2B S ASHUCH

When thoughtfully applied, AI functions as a collaborative partner that complements, rather than supplants, the designer’s expertise and intuitive decision-making.
(19 ADDH ABSHA M EE W= CIXto| 2] T2/t 22 oAtAH S Htot= E3 TtELE 7| 53itt

These tools do not simply accelerate visualisation but also inspire new paths in design thinking, significantly enriching the early stages of conceptual development.
() Ol =52 The AIZIS2t I3t 240| OfLIEt CIAFQI Ate| M2 ZEE AMAlSH JH'E 7HE2l 7| THAIE 3 S8 BHECL

The integration of Al particularly text-to-image (T2I) generators, introduces a dynamic approach to conceptualization by transforming text-based prompts into
immediate visual feedback, which allows designers to explore concepts dynamically and iteratively.

(219)) AL(S5| AE-0|0|X| M447]) EQUS MAE TETES Z24% Al2} I|EHO R HESI0] CIKO|LIT} IS SXO 2 HHE Ehsh BiCt,

The structured approach to T2I generator prompt design, ranging from keywords to more complex narrative-driven commands, revealed that thoughtful prompt
construction is essential for aligning T2I outputs with students’ conceptual intentions. Effective prompts can transform T2I generation from a basic ideation into a
collaborative partner, capable of adding meaningful depth to design concepts and fostering design thinking.
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...cognitive overload and dependency on Al.. may cause designers to have a loss of agency...
() QIR 2HRE5E Y AL 2|Z/42... CIRIO|L7t A S ok & &~ ULt

...when Al is utilized as a design material... requires the designer to have a deeper understanding of Al technologies...
() ALZF ORI A2 2 212 ... C|X[O|LAT} AT 2|0 CHall o 20| Olaliote & Q5L

Al also enhances evaluations by providing data-driven insights... facilitating a collaborative design process where human designers and Al systems work together...
() AT= EEGHGIOIE (8t SIS KIF010 HIHE TFAIZIH... QUZE CIRO[L{2F AT A|£F0] &4 ZAoh= HY CIAIRI Z2NAS FRIGHH...

It fosters both analogical and divergent thinking... allowing designers to explore a broader spectrum of ideas...

(#9)) Ol 2% ALTI} EAHE AL S B SEI5101... CIXIO|L{7} O W2 210 Of0|C|0|S EHMEt 4+ YT 2 BiTh.

When functioning as a co-creator, Al significantly enhances the ideation and evaluation phases by... help[ing] designers overcome coghnitive fixation...

(HY) S5 FHRZM 215 W, ATE... EIXO|HIL QIXIN D2abg S55t= Ol =88 Z22M Ofo|C|ojo]d  Eof BHA[E 3| S AIZICL...

Given the current state... human-AI collaborations are not infallible, and consequently, it is up to the designer to evaluate the machines work and choose whether to
consider its output or discard it. When increasingly operational tasks are assigned to AI, the designer assumes a privileged position within the design process,
focusing more on management and supervision of tasks. We named this emerging role of designers’ designer arbiter, intending that the designer becomes
responsible for evaluating and making choices rather than executing tasks.

(1) A 7| fZ0IIA QIZH-AL HH2 2HHGHR| f2 B 2 CIXIO|LDL 71| ARtEE HItotd AENHX| HEX| 2SO O E2 20| Alo| 225 CIRo|L = 22| - A=50l o
EEOIH, oot 2] FH|(CIXto|H AR At £ICt.

Through the mixed-initiative perspective we assume an autonomous computational system that explores the possibility space in its own ways as guided by human
lateral decisions during the creative process, realising and fostering human-machine co- creativity. Therefore, the non-human agent i.e., Al assumes inductive and
deductive behaviour towards problem-solving, capable of inspiring, triggering, suggesting, and even evaluating choices and actions.

() ST H 2FHOIM AL Q1Zte] Z7| 2t 1.5 WA O 2 Jhs/d Z2HS BHSHH, QIZH-AL ISEANE A3 - FTISHC ALs 24| 312 2PgolM & -HSH Ef =& FoHH,
AU E2|-HIQHHI} A4S Firt

A random stimulus is defined as a foreign and...unforeseen conceptual element that can break designers’ prejudices and already-existent patterns of reasoning,
therefore triggering lateral thinking and curiosity... Al systems, in particular, are highly functional in providing the designer with random stimuli Beaney, 2005 during
the creative process.

(1)) HE Rt=2 CIAfo[L 2] 7| & AR AL SHE S W1, SHE ALIe 27| S RESH= 2/F0IR0|F E7H5T H'E Q40|Ct Al= OfH S X3S &2 IFY0l|A i@ 22t
O = HIZFIC,.

The human agent receives and evaluates the Al systems work repeatedly and gradually increases her understanding of the machine. Throughout this process, the
designer develops a judgment about AI competence, which affects the trust placed in the machine.
() CIXto|H = AIQ| ZRtEE SR E o= ZHESHH AL A|ARI0| St O|SHE 7121, 0| 1Fg S Soll AIS| 70|l Chish Btk A2 ~Z2 8 ZHSH.
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...singlehanded reliance on Al tools could lead to a reduction in the diversity of design ideas.
(%)) AT 0] CifEH Qek=Ql 9|Z2 CIRL! ofo|Clofe] Lok 242 O[oj 4 QCt.

Al's emphasis... may sometimes lead to designs that prioritize function over aesthetics or human-centered considerations.
() AIS| ZZEL... HHZ D[SOILE QI2F BAK 12 ArHEICH 7|58 S4AISHS CIRIRIOR 0]0jR 4 Qlrt

...Al tools help streamline workflows... enable designers to focus on more complex and creative aspects...

(o) Al £ QI B R QE 2H481510... CIXIO|LV} o 2R5HD ZHO|HQl T HEE 4 YT E Bt

Innovation is fostered through Al's capabilities in generative design, which allows designers to explore a wider range of design possibilities...

(12 SAI2 AT CIRIQIOAS] AL B2t Soil STIE|D, Ol CIRIO|LA7} B 42 Helo| CIXQI TH54S Bhlgt 4 Q| SiLt...

Al-powered generative tools enable designers to push the boundaries of creativity, producing complex, highly efficient, and often unexpected solutions...
(1) AL D[t B = 7l= CIALOILADt el el BAHIE Wiol1, S0t iR 28X0|H 535 olgR| 28t £2MS ikt o Q| SiCt...

Al tools significantly reduce prototyping time and increase design iteration counts, accelerating innovation.

() Al =7 = Z2EERY H|Z AlZES 33| E0]1 CIRIQI 8h= SI~E 52 A4S FTISHT.

cEaXT=E 2

The application of these technologies is changing the way designers work, allowing them to focus on more creative and strategic tasks... This theoretical model
emphasizes the auxiliary role of AL in the design process and the collaborative relationship between designers and Al systems.

(%) AT 7|&0] EYOR CIXfo|LE RO A H0| 1 HEFHQl 20 LEE 4 U IO, 0f UL CIXt0|L2} AT AlARIS] HRUF 2ot Ale| BE Sigg AESICt
Al algorithms, especially machine learning and natural language processing technologies, can help designers explore a vast array of design possibilities and propose
innovative solutions. For instance, by analyzing historical design data and current market trends, Al systems can recommend potential design directions, stimulating
designers creative thinking.

(19Y) AL ¥31E|E-2 CIRIO|L2 L LTS CIRIRI Otsd S BiMot D AN SRS AIQtSh= Ol =8S FH, 2 A2t E-IE A0 2 FHolH ALLE R ETIC)

In terms of data analysis, AI algorithms, especially Natural Language Processing NLP and machine learning, can process large volumes of user feedback data,
identifying key user experience issues and areas for improvement. These algorithms can extract emotions and themes from user comments and feedback, providing
designers with specific directions for improvement.

(519) HIOIE] £41 ZTHO|M AT YT2I5 2 CHHC| ALSRL LIS S H2|5H Al ALRHS/IHAHS Tfot5tD, 0|S HIO 2 CIRIO|LA|H| FAIE I HLeHS RIAIBICE

As illustrated in Figure 1, the Designer-Generative AI Product Design Ideation Process entails sharing roles between designers and Generative Al tools for a stepwise
progression in product design. Each stage at which designers can leverage assistance from Generative Al during the ideation process was defined, with new roles
allocated to each individual in accordance with the process.

(#190) T12] 10| LIEHF HE9} 260| CIRLO|LY-48445 AL FIZ C|AtQI O}O|L|0] ZZH|AL CIXIO|LIL AV AT 7L EHIE 2 olshe HEtsin FIMSICE Ofo|C|of THAloAf CIXO|L 7}
MEHAIERS e + Us 2 EHIEE MER A 20| o|RZICH

...ideation method through collaboration with Generative Al helps generate diverse ideas and concretize design concepts.
(1) H'9H AI=te| HYUS STt OLO|C|0f|o] 4 0| LISt OLO|C |0 & 445t a CIARl 24 S FAIEsh= Ol =&0| EIChs 210] EFHEICE

The unexpected images generated during this process also served as elements of the idea.
(19 of 2ol M /4=l ofl =] 5t o|0[X| S ofo|C|ofe| Q4= EHEHC.
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The results revealed that Generative AI mainly assists humans in the initial stages of conceptual design... while the stages of idea selection and evaluation remain
predominantly human-led.

(#10]) 917 T}, AAIE A= X2 T CIRLRl 27| BN Q12+ 51 #i9i... ofo|C|of A1E) & B} Ebjl 0iFi5] 2 17 FE2 0|S0{R| HOR LIERICY,

During the humanAI collaboration, Generative Al can assist human designers by generating concepts for selection, evaluation and iteration. Additionally, the output
from Generative AI can inspire designers to develop more innovative ideas as the information can often expand designers’ knowledge and exploration scope.

() QIZH-AT HY 5 A4 ATE CHot 44, BI1, wHE S Sofl CIRIO|LIS RIUE 4 QICh S5t AT #2200 CIALO|L{2] A|A]- M el S SFAI O {410l 0fo|C|0|E RESICH
With the support of Generative AL, scores for diversity, novelty and the ability to trigger more ideas are all higher compared with those in the Human Group.

() M AIL| XM 2 CIYd, MZEE, 7} 0I0|C|o| L SHO|M Q2 TERL BF =2 F8 ERACL

...the goal is not to replace human designers but to meaningfully augment their imagination and agency.

() =EE Q2F LIXIO|HE CHA|SH= Z30] OfLI2t O59| &=t FAlE S 2lo| A 3Zsh= Zi0ICh

...positioning Al as a co-creative partner rather than a passive tool.

() AIZ £5HI £} ohcl 25 %} IELR Xf2|of2Bict.

Al-assisted tools increased fluency scores and thematic diversity, indicating enhanced divergence and exploration.

(HO] AT R =7 QEH2 A CIHE S7HAI Lhtat (0] S4ES LIERYC

Al support serves as a cognitive scaffold, enabling users to bypass initial hesitation and focus on shaping ideas, leading to rapid assessment, critique, and selection.

(#120) AT |12 QIX|E] Wit O3S 510 ALRAPE £7] 2AS T 0f0|C|of HAol HEHE 2 ofti, WhE B3}, H|H, Men Jh57] Sict,

When a human is the prompter, the AI agent is expected to exhibit directability, allowing it to be guided by human input or predefined algorithms and granting the
human prompter greater autonomy to control or adjust the AI agent.

() QIZto| ZEZE{QU Uh Al= QU7 UHOILE AR ol |l 22|50l L2t REE 4> A0{0F 51, QIZH0| ALE O AIEZH 22 ZH-SHE - UCH

Team- and AI-driven iterations result in branching and merging, disrupting linear process norms.

(o)) EInt ALV |gte] 9he 2ol 2|9} YRS UHSOILIN MY Z2MA e Meaict,

Algorithmic exploration broadens the solution set, filtered and synthesized by designer intervention.

(M) L2|F B2 s ax Zehe EolH, CIAoIL JH ol 2ls ZatEo| 2EEEID SEECL

Validation panels consist of human checks and AI-facilitated simulation for robust review.
(o)) 2B U MU AL RIY AlBHOMOZ TYE TS Saff QLo ol ZofEICt,
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By emphasizing the distinction between Pre-AI and Post-AlI design phases... preserving the essential role of human creativity and judgment.
(519) Pre-AI®} Post-Al CIXQI EHH|Z R AXHORM... QI2k0] Felda} ghtte] REEOl H&Hg HESIHAL..

The Double Diamond model splits into more iterative, back-and-forth workflows with AI integration, compared to traditional linear models.

(1) Al 58 2 CIZ CIO[0I2E IS MEX MY B} U2| 0 HEX0|H Y0l YIB2Q2 LigiCt,

The rapid ideation facilitated by AI tools aligns well with the divergent phase of the Double Diamond model, encouraging exploration of a wide range of ideas.
(19 AL =710t £ZI5H= 4145t 010|C|0] =& 2 & CIO|Oh= & 2| Wit thA|2f & Slof CfgH OF0|C|of BHAE S F2{Tirt.

Final evaluation remains central, combining feasibility checks with AI-enhanced visual validation.
(o) 515 FIH= HAOIRE B AYORM Al O HYRH AT 23t A2 250| Zetslof ZIYEICt

...its effective use depends on designers' ability to leverage their design agency.
(819)) 3 Z2AMQI ALZ2 CIXfOIL{7} Xpule] CIXtQl FAIYE Eots S2ol g2f QUCh

Our findings indicate that the level of designer agency varies and influences the workflow: strong agency correlates with active critique of Al outputs and better
balancing of divergent and convergent activities.
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Our observational study revealed that the co-creative process involved iterative feedback loops, where neither humans nor machines could exclusively claim credit,
reflecting a non-linear, collaborative evolution.
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The iterative collaborative design promotes the remixing and recombination of ideas, leading to expanded conceptual spaces with dynamic transitions rather than
linear progression.

(1) BH=E| TE AA ofolCiofel HEET Bl A
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I

We propose a nonlinear human-AI co-design framework where AI agents offer alternate options, explanation of choices, and remix existing outputs allowing dynamic
interplay.
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Creative design is inherently nonlinear, involving iterative alignment, remixing, and exploration across conceptual spaces, unlike linear stepwise AI operation
workflows.

(o) Bo|= Ml BEHO S HIMYH0|0, i B2 2 uhEE HE, 2/0)A, B S I Ale| MEX AY 523t ctact

Designers remix ideas among multiple alternatives through dialogue and iteration encouraged by framework, enhancing creative divergence and convergence.
() CIRIO|H = Z| Y32 K| of2H chztet HH5-S Sofl CtE CHorS 2|2 A0H FelX witat f2H S SIS0
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