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[Abstract]

Metacognition of multimodal generative artificial intelligence (Al) was analyzed using the double-diamond process among 62
university design students in a 15-week user experience(UX) and user interface(UI) course. How Al tools influence cognitive
strategies across design thinking stages was examined. The course led to a 60.7% increase in critical thinking, and Al limitation
recognition increased from 12.9% to 87.1%. Metacognition was highest for text-to-text Al text-to-image was the preferred
multimodal approach. Al enhanced thinking regulation and creativity through iterative feedback. Students evolved from blind faith
to critical metacognitive strategies, perceiving Al as a cognitive partner. This study confirms the role of generative Al as a

thinking facilitator in design education, emphasizing the need for Al-integrated frameworks.
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Table 1. Multimodal generative Al classification by modal

I Gl Generative Al Models
Formats Format
ChatGPT, LaMDA, PEER, Speech From
Text .
Brain
Image DALL-E3, Stable Diffusion, Midjourney,
9 Imagen, Muse, Adobe Firefly
Text : . .
Video Phenaki, Soundify, Make a Video,

Imagen Video
Audio AudioLM, Whisper, Jukebox
3D Dreamfusion, Magic3D

Image Text Flamingo, Visual GPT
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Fig. 1. Double diamond process
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Table 2. Tools, tasks and measurement time for each week in

the four-stage experimental design
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Table 3. Multimodal generative Al used in design projects

Use Case
Description
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image | image Scenario Image
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Claude text text 2 Desk Research,
Persona
Wrtn text text 7 Persona

text image Desk Research,

Canva image | video 12 Prototyping
text text
Adobe firefly | . image 21 Persona Picture
image :
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Copilot text text 19 Desk Research,

Persona
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“Elements such as icons applied as GUI elements during the
prototyping phase, created using generative Al. Created in Korean,
targeting Korean services.
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Fig. 2. Generative hallucination of desk research step
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Table 5. Step 2 metacognition and prompt modification
measurement results

cross-validation Valuation Result Avg+SD liigieetss)
Decrease Rate
Valuation Result Avg=SD Image defect 35 5% . ]
Hallucination recognition rate (22/62) 35.5%4.8 +22.6% p
recognition rate 12.9% (8/62) 12.9+4 1
9 Prompt modification Avg 4.2
Mutual-validation count (5 Likert) 4.2+0.65 -
t 19.4% (12/62) 19.41+6,2
rate Critical thinking AG34 | g, o 06
Critical thinking score |  Avg 2.8 (5 Rikert) 2.840.7 score (5 Likert) e '
Completion percent Avg 78.5 (100) 78.546.55 Completion percent | Avg 82.3 82 345.50 138
of assignment of assignment (100)
Future usage Recognizing 74.2%
% + , 2 + _
intentions 96.2% (59/62) 95.2£2.9 increased crativity (46/62) 74.217.5
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“A persona for a service created in Korean targeting the Korean
market using generative Al by a student.
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Fig. 3. Student-built persona using generative Al

“Elements applied as graphic illustrations in the scenario stage were

created using generative Al.
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Fig. 4. Storyboard of generative Al where English character
and Chinese character, not Korean, are mainly
inserted in the image
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Table 6. Step 3 metacognition and critical thinking scores

Valuation Result Avg£SD Degzrales:%/ate
Image defect 58.15%
+ )
recognition rate (36/62) 58.15+0.48 +22.6% p
Prompt modification Avg 4.2
+ -
count (5 Likert) 4.2£0.60
Critical thinking Avg 4.0 I
score (5 Likert) 4.0£0.65 +0.6
Completion percent | Avg 85.7 85.7+4 .80 134
of assignment (100) R ’
Recognizing 74.2% n _
increased crativity (46/62) 74.247.5
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Fig. 5. A mood board in the production stage of graphic
assets made of generative Al
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Table 7. Step 4 metacognition and Al limitations: Accurate
recognition rate

Yieluaion e Avg£SD Delcan:s: ?:E/ate
re%ilglgﬁ;il?i?;[e (21/16?) 87.1£5.3 +29.0%p
Mutual:;/taelidation (85/36?) 80 344 8 _
Criteal inking | pat9 | 4205 +0.5
e poree | Moy | Bo-2xa.1 +3.5
P | B oo |-
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“Elements such as icons applied as GUI elements during the

prototyping phase, created using generative Al. Created in Korean,

targeting Korean services.

J8 6. T2 EE0[E Tl A 2 2401 AM

Fig. 6. Generative Al utilized in graphical elements during
prototyping phase
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Table 8. Stage-by-stage metacognitive development trends
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Stage 1 Increase/
Process (Avg+SD) Stage 2 | Stage 3 | Stage 4 ey .
T?]:'r:'ﬁ?' 28 34 | 40 | 45 +60.7%
9 | +0.72 | +0.68 | +0.65 | +0.58 | (+1.7p.p.)
Score
Limit
Recoanition| 12:9% | 35.5% | 68.1% | 87.1% +574%
9 4.1 +48 | 52 | +53 | (+74.2p.p.)
Rate
Vg"ﬁé:ﬁ'&ﬂ 19.4% | 45.2% | 70.1% | 82.3% +324%
+6.2 +5.7 +4.9 +4.6 (62.9p.p)
rate
At} 53] v]HA Alal A8l A 77.4%2] gAJo] -3t
AIE Bl AL Ay A4S 53 SAAEC] AIE PEHe
2 583K Za vy o gesleE TES 79SS Al
Abskct
3-6 T 3} 20| 24 A'H H3} 20| 24

o] Ao A L] H|EA AlaL T
A&H o7 grlo] 19A 2.84A 40k
Al 45802 60.7%2] S7Hs BITE 53] F53 H2 Al
A Q121E0] 12.9%004 87.1%= 574%2] =49 Z71=
71538te], S0l AlS] AlokrAkaks W Ee] sletstAl H U
S-S HojFth AT AFEL 19.4%014 91.9%% 373%
Z7kste] SEo] Al Axb=o] el 5529 HE FdS
T Fe A oleig Axbs vhAME wK o)
A5 HERIA 59 el vl arpAo|9) s
o} 7} e dAe S £& Hel A
HA o] TS AAfe)

ARkA o 7 wlERQIA| o] BE A3 7F J
AJEo] Al g8l gt xalat AFH S
A&l Uakes 218 5

155=2 7444 | BoF W8E = U/UXE AR 4
N A AlE Z-g3te] W= Fak= 2, 353 o ¢
21 ZRAE A ], 652 W] M= AH| 2 A A
Al R olm 2] A, 8,952 W T]ARRISH= AH]2 t]AR17}
ofo] o] el Azto =z AABII

A3 Alell tigh HERIAE 1 ARE RIETZ} 455
HlEaA] o= 2S & = AT TRl Z2AES] &
Hho] Fgels UX Z2EEl]FAZ Al s AAEY
Ale] OeYst &85 B 5 QIith ZEEEoP] 84
B3] 2= 2o Yojobe-g 49} ool ZEe] g 4w
A v Al ofeloluh ARl 21 2L A1 A
g Ale] 87} EA N gojolo] thekgt vixl= S
o] A3 &= 497} ol qlth.

A Flojol-2 1tk el WHevE
o] ¥ 9t ofo]Zo] ~EYL

o
I e ofol T TR 2 3

O O

i)

=

o],;d Eat=

3L

a|

o



S FrAgE o] A o] T2 ALgH L,

Pel AHEAGo] Q= Y iE-giE Bl mY Y
Ale] SH3Ee] HERIAE ol HRA) Mg 3
glojat BBl ), oju]x]-o]u]xe] WElwE P Al
= Ag Aol Anb EEuE 1 AA F4H =
2 F& so] wgtort sk o WY 4% HaE-
AE 9 B Y Alsh B vl ol 2
Sk o] drobsitt,

FEel A7 Pe] Qs BAE-HAE Hel BY A3
Ale] shyEe] MElRlA) = oA wwAel AnE &
§lo]a1 BBl ), oju]x]-o]u]xe] WE|wE Y Al
= Ag AHgols Aat mEEE 1 AAle] F4H v
e Fi Shye] Wetorh whavt o A 55 eE-
9 we A Alsh Bl nE Bel B
= Hlgro] rolAth el Rt o) - iAo} BlaE-
A gele] A AL Bh7] Zuol} kAol FAE
97 3= o] Ao glgict.

ol B A4 Al T A8l Zlehd AR L
A @& A% JAARE AT TG0l @S Eo|lBR
21 ol B0 HlelE Al
ool Arki # 4 ik, olF AP AN B4l oje
gloll7} ojyiriul ofo] tigh nlwHa Aba wa o] 7t

)

&

o
HH
<L}
12]]
-1
A1
A

> ot

i)

o
2
H o
=)
&
a2
-0,
H,
o

B9 dighe] Ozl g5ate] HETho| e
Alz=ol| A R3S Alel] gt HERRIA| 9} A7) &s7ke] A
Al thell AZslarxt skt 1552 tixkelstz) et 73
T 4TA 2 AAISHE AEE AIE E8-3F TRRITAIE 627
o] AL Hofsleiar HpAl o] x| A Alel digh HE}
X9} 1 o] F o] HERIXNE A3 Ay} vy} g AR
& =E&359)

A, ARE AlF OAE-GXE glud QA Al
gk WERIA| 7} 7HE Egkom, A zl8el ule} v]ghA] A
3 580] 60.7% = AT

A4, WE|RY Y AlT E2E-oln|x]o tigt HElS]
A7} 7V =g, on|x] At Q1A o] dAMER X453
o= A,

&l

i
Lo o

A, B AL AHEE A1 T B2 Ao
i Aol £419 HEsglont TeToR BEsE A
B8 o] ofel9) BiE AnEnr @ A5H9

A, 494 ARE S TS Al $HA Q1AEC]
12.9%°014 87.1%= wA3] F=om, 4dg =7 A
Y55 91.9%° 23t

A, A Aol tigh WIERIA] = TRkl #he] A4
vl lsiA 28t A7) et ek vAEE A E5AQ] &

HE| 22 M Alo| HIEIRIX| A7 TAIQl SHEALE Sal22

2wt
oheel U/UXEIASl 78 598 B3l S5e 4483
AT9] T 2] g gl HIRA g el Tie %)

.
B ATE GEAOE thaa 2 oot irka @ 4 9
oL A3 ALYl B4 el T @A) e ARt

St WAolm ol MRAOR o] nE o)ye] T
QoA TG WoroZ AHEE 5 Qo o] F 915 24
2 vk & 4 9lek obgel A4 AlS] AR o
A9l g ohd Hi@A A B4 Qi A1}

i}

TRl BT B AT 9ok e AAbAe] gl
W UVUX tiAel 919] 312 £3] k= te) 7]2348
A 2 oee =3 Fent e o
3 Al B8l TS AT} ob4l S ol m 2§ 3] 3
3 QA7 olojxlthel wek frolv|ek AR AAE 4 o)
2 Aol

02

[1] S. Feuerriegel, J. Hartmann, C. Janiesch, and P. Zschech,
“Generative Al,” An Information Systems Journal, Vol. 66,
pp. 111-126, 2023.

[2] D. Gustafsson, Analysing the Double Diamond Design
Process through Research & Implementation, Master’s
Thesis, Aalto University School of Arts, Design and
Architecture, Espoo, Finland, 2019.

[3]J. Ngiam, A. Khosla, M. Kim, J. Nam, H. Lee, and A. Y. Ng,
“Multimodal Deep Learning,” in Proceedings of the 28th

International Conference on International Conference on
Machine Learning, Washington, pp. 689-696, 2011

[4] D. P. McAdams and R. L. Logan, “What is Generativity?,”
in The Generative Society: Caring for Future Generations,
Washington, DC: American Psychological Association, pp.
15-31, 2004.

[5] J. White, Q. Fu, S. Hays, M. Sandborn, C. Olea, H. Gilbert,
... and D. C. Schmidt, “A Prompt Pattern Catalog to Enhance
Prompt Engineering with ChatGPT,” in Proceedings of the
30th Conference on Pattern Language of Programs,
Monticello: IL, pp. 1-31, 2023

[6] L. Giray, “Prompt Engineering with ChatGPT: A Guide for
Academic Writers,” Annals of Biomedical Engineering, Vol.
51, pp. 2629-2633, 2023.

[7]1 M. Avital and D. Te’eni, “From Generative Fit to Generative
Capacity: Exploring an Emerging Dimension of Information

Systems Design and Task Performance,” Information

http://www.dcs.or.kr



C|X ™ 2El = &5[=&X|(J. DCS) Vol. 26, No. 11, pp. 3035-3044, Nov. 2025

Systems Journal, Vol. 19, No. 4, pp. 345-367, 2009.

[8] A. Efklides, “The Role of Metacognitive Experiences in the
Learning Process,” Psicothema, Vol. 21, No. 1, pp. 76-82,
2009.

[9] J. H. Flavell, Metacognitive Aspects of Problem Solving, in
The Nature of Intelligence, London, UK: Routledge, pp.
231-235, 1976.

[10] S. Lee and J. Hann, “The Relationship Between Learners'
Interest in Software and Al, Programming Language
Utilization Level, Al Self-Efficacy, and Intention to
Continue Al Learning,” Journal of the Korean Society for
Computer Education, Vol. 23, No. 6, pp. 51-58, 2020.

[11]J. Song and J. Park, “The Effects of Strategy of Enhanced
Metacognition on the Improvement of Creative Problem
Solving Skills,” Journal of Digital Convergence, Vol. 15,
No. 7, pp. 1-12, 2017.

http://dx.doi.org/10.9728/dcs.2025.26.11.3035 3044

F Y Al¥0o[(Young-Mi Shin)
20184 : AN g ARFYAlA
PR (S A4

2025%d - &ojo) gk
O; [e]

(oﬂ /\le—ul—,x},og /BL?_]H ‘21 4:‘])

20091 ~2013d: 7}7F2 UX designer

20164 AAITH A AL A" A7 AT

2017A ~2024d: KB Rl tx g ey UX researcher

2024~ Al TS, FAdEtn, SR, Al
susta, pAtelH O st 9w

P EOF AR TARJMUX  Design),  BEBAI

(generative Al) 5



	멀티모달 생성형 AI의 메타인지 연구: 디자인 학습자를 중심으로
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 이론적 배경
	Ⅲ. 연구내용
	Ⅳ. 결론
	참고문헌


