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Abstract

Background  Color emotion research has predominantly focused on normal color vision populations,
leaving color vision deficiency (CVD) individuals' color emotion characteristics largely unexplored.
Studies on artificial intelligence (AI) capacity to simulate human color emotion responses have similarly
been limited to normal color vision groups, leaving open the question of how faithfully AI can reflect CVD
individuals' responses.

Methods Using 130 color stimuli from the Nippon Color & Design (NCD) 130 color system and
28 emotional adjectives, color emotion ratings from a CVD group were compared against responses
generated by three large language models (LLMs) prompted with CVD type-specific personas. Intraclass
correlation, Pearson correlation, one-way ANOVA, and principal component analysis were conducted to
examine within-group consistency, pattern similarity, mean differences, and dimensional structure.

Results AI showed high pattern similarity with the CVD group on perceptually grounded
dimensions but markedly low similarity on context-dependent dimensions. AI exhibited systematic
bias, underrating dynamic emotions while overrating calm and natural ones, and generated excessively
uniform responses relative to the CVD group. Although both groups shared the same three-dimensional
structure, CVD participants prioritized the arousal dimension while Al prioritized the rusticity-modernity
dimension.

Conclusions Al limitations stem not from CVD-specific factors but from a structural inability to capture
context-dependent dimensions, a pattern consistent across both normal and CVD populations. The
reversal in dimensional priority suggests that CVD's luminance-dependent perceptual characteristics may
influence the organization of color emotion space itself. In inclusive design, a collaborative framework
assigning Al to physical attribute-based screening and human designers to contextual and emotional
judgment warrants consideration.
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Within-Group ICC (3,1) per Adjective

Casual - 0.14 0.17 _
Modern - 0.03 034 m

Classic - 0.07 0.25 0.56

o0k
Cloudy - 0.14 037 0.53
Emotional - 0.15 0.36 0.29
Natural - 0.15 027 _—
:

Human Claude Gemlnl
0.0 0.2 0.4 0.6 0.8 1.0

ICC value: Poor < 0.50 Moderate 0.50-0.75 Good 0.75-0.90 Excellent > 0.90

Figure 1 Within-group ICC (3,1) values for 28 color-emotion adjectives across Human and three Al groups (GPT,
Claude, Gemini). Higher values indicate greater consistency among raters within each group.

Tukey HSD AFS A4 A3 (Figure 3), Human vs Claude -2 2871 d&A 5 96.4%° 4, Human vs
Geminie 92.9%°14, Human vs GPT+= 71.4%°l14 213 Ht 2to] 7k SR1E Aekp < .05). Bt #po] €]
ke AR H Al REELS High-tech (4t o] = 1.16), Intense (0.99), Active (0.65), Emotional
(0.54), Alluring (0.51) 59 @-&Atoll A Aot Feto] v AA|5] e Btk H At §HH Soft (-0.70),
Natural (—0.66), Calm (—0.63), Cloudy (-0.48), Classic (-0.36) S|4+ AI7F AefAr AR} =2
B Uedlleh & Al A EstAY 958 248 oA Mok AR @A, o] Ak A Al
Ao A= =4 Brkshs Aol ATt ol AZF MA-7HA] Hrboll A Mekal At A 9] e
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Active
Calm
Casual
Formal
Modern
Classic
Clear
Cloudy
Mature
Cute
Elegant
Alluring
Rational
Emotional
Masculine
Feminine
Soft **
Intense
Light
Heavy
Natural
High-tech
Rustic
Refine
Romantic
Chic
Child-like

Noble

Pearson r: Human vs Al per Adjective

v 09 | os0 |
ok - 0.35 0.28 0.24
HhE 0.10 0.06 0.19

- TS T T
- o

ok - 0.33 -0.01 0.20
ok 0.23 0.08 0.11
ook - 0.36 0.32 0.23

GPT Claude Gemini

-0.4 -0.2 00 02 04 06 08 10
Pearson r (Human vs Al) | Adjective labels: *p<.05 **p<.01 ***p<.001 (One-way

Figure 2 Pearson r between Human and Al group means per adjective across 130 color stimuli (GPT, Claude, Gemini).
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Mean Color-Emotion Ratings by Group
error bar = SD | *p<.05 **p<.01l ***p<.001 (Tukey HSD, Human vs Al)

Active Calm Casual Formal
5 5 5
SHokk
—ekk—————————————— sokk
4 *okok 5 R 4 okk 4 —————————
e O — ———————
i 4 — —/
3 3 3
3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
Modern 5 Classic 5 Clear Cloudy
5 sorok 5 Hokk
——e————————— sokk —_———ee—————————
4 —_ 4 4 Horok 4
i — —————
3 3 3 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
Mature Cute Elegant Alluring
5 5 5
5 Fokk
———————— Kk
_— ——————————
4 4 4 ———————— 4 sokk
*kkK ’—‘,—n*—‘
3 3 e 3 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
5 Rational 5 Emotional 5 Masculine 5 Feminine
Hkk ok
I *kkK R
41— 41 ————— 4 4
I ————
3 3 3 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
Soft 5 Intense 5 Light 5 Heavy
5 Forok ook
—f—————— ok —
2 P 4 —e————————— 4 *okok 4 —Rk——————
—e——————— SworK
[ — ———————
3 3 3 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
Natural High-tech Rustic Refine
5 — 5 5 5
sokok
= — el
4 e mm— 4 R 4 ok 4 e
—_— o
—tere—————
3 3 3 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm
5 Romantic 5 Chic 5 Child-like 5 Noble
SHokk *
S — ————————————
4 koK 4 —e———————— 4 4
fit HKkk
— e
3 3 3 —ek————— 3
2 2 2 2
1 1 1 1
H G C Gm H G C Gm H G C Gm H G C Gm

BN Human N GPT WM Claude W Gemini

Figure 3 Mean color-emotion ratings per adjective by group (H = Human, G = GPT, C = Claude, Gm = Gemini). Error
bars indicate SD. Brackets indicate significant differences between Human and each Al group (Tukey HSD; *p < .05,
*p (.01, **p (.001).
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Figure 4-62 Y| o] PCA ZIHE vetdlich 378 A& 4 A vl&2 Mokt Yot
81.9%, Claude 87.9%, Gemini 87.2%= VFebth, Mokl Foho] gah Eatolal, oheket o
Aozt ek o A Lo Yo MR- FRE AFH R AYelth ol A ICC £400|A
I Al =2 o f Ao A T U FAE Bl

Human PC1 & Claude PC1 & GPT PCl & Gemini PC1

Cute
Child-like
Light
Soft

Clear

Casual

Feminine

Emotional
Romantic

Active

Refine

Modern

Natural
Alluring
High-tech
Elegant

Classic
Cloudy
Intense

Chic

Calm

Rational
Formal
Noble

Masculine

Rustic
Mature

Heavy

s Human W GPT
W Claude  mmm Gemini

0.0 0.2 0.4
Loading

Figure 4 PCA loadings for PC1 (Gravitas vs. Cuteness) across Human and three Al groups (GPT, Claude, Gemini).
Adjectives are sorted by Human PC1 loading in descending order.

JEu, FHE B 23 Aokt Wut Al 3EL § s
op FEtol A 229198 o] Al AL 349], 3291908 AHeo] 26912 Uehte 5, 3% &40
Zol7} Shgiek.
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Human PC2 & Claude PC3 & GPT PC3 & Gemini PC3

Alluring _

High-tech e ——
Elegant _—

Intense

Romantic
Emotional
Feminine

Active

Mature

——————————
——
F
—_—
=l
—
Rusti —
Heavy E
Noble —
Casual ———
S
| —
F
———
——
—
| —
—
—
—

Modern
Cloudy
Child-like
Cute

Formal

Classic
Rational

Masculine

Clear
Light
Calm

ﬁ
Soft —_—
=
———

|
_—

Refine

Chic

Natural

mmm Human s GPT
W Claude W Gemini

-0.4 -0.2 0.0 0.2 0.4
Loading

Figure 5 PCA loadings for PC2/PC3 (Arousal vs. Serenity) across Human and three Al groups. This dimension
corresponds to Human PC2 and Al PC3.

WA, A WA FA(Figure 4 Mature, Heavy, Masculine, Formal, Noble 5-2] F-&A7} gt F& o] F17,
Cute, Child-like, Light, Soft, Clear 5-°| Bt =& @45k= Gravitas vs. Cuteness(E3-3 ol 7o)
Aoz, vl A loading HEe] 7MY frAlSHA Uett, 48 #2585 HYS gelstgint. miiel PC1
A2 A 0] FAZE A Zhol| Qlof, Al Al 7He] YAE7} 2o, BE oA FEAH 2R e} A~
A3 7 7P RRAQ L2 YE E1E 5= A3

2oz F WA AL(Figure 52 MR Aok PC29} Al PC3¢] ti-2-5 1, Intense, Active, Alluring,
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Figure 6. PCA loadings for PC3/PC2 (Rusticity vs. Modernity) across Human and three Al groups. This dimension
corresponds to Human PC3 and Al PC2.
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www.aodr.org 253



olg|gt F HAel Al MA 8 oA AL MR} Ak} ALY M- F3F 24 WAY] Zpol &
Hrog g}, Aokr} Mk Arousal vs. Serenity M- Rusticity vs. Modernity AF Rt 942 0 2 2 Z5l=

WHH | Al Rusticity vs. Modernity2] tiH]E Rt 83 24 £0 2 Q4l5k= F3Fo] ATt

5.1, MOXt FThat Al2] Mxj| 28 oL €X|E

ICC 4] 23, Mopa Fehe o] 8ol Wg 0] AEE YehdthM = 0.20). Jonauskaite
et al.(2021)2 2= A7} oAl MA -7 dAgto] Aut Mot FEA o= tr=n] Hok uf el 7

: 4 Ao ZhEsty] of 2 pu, M7 o] de {3t ol
‘I}E} *“XH A kg0 ] oA ebs A0 = s = )l ol 912 2 2 Light(ICC = 0.51)¢} Heavy(ICC
= 0.50)0A%F B $2329] A&7t TFE QI Sato & Inoue(2016) A M7k o] 4d27} warmth B7F
Al luminance cone-contraste]l 2|Esh= o] ghaa Hastgetl, Wi 71N Aol A os &2
A =7} e & ko] Ayt ofoF Bl E ThsAdel 3L

o

ol9t 2A 07 Al:= FA9] w2 e W YAEE B rHClaude: M = 0.70). MR} HHM = 0.20)3}
AL 7kl ICC ztol= AIZF Mekat Hake] 7HQl 71 thefAS AlEH ol AdstA] Eatal 93-S AlASHH, Bojic et
al.(2025)9] A¥ete dx|grch. Ale] AA 7ol "Hat'oll etk FolAl, Al ' #+U4S Mokt
kel dig] A x2 $85h= A2 HdstA] gt H%i AR UL A Aol a5 2HdolAe
A7} 3-89 2 712 AT 5 o), MRt AHAL tiAre] HA Brtol Al AR o] Z]ute] H ol

SFEA] Ay ofof gk,

5. 2. Al2| A{oFX} Mz ZHd AlZ2|0|M 71541t sHA|
Pearson r £4] JJr Al= nght Heavy, Soft 5 &&]4 - A% &Ado] 2kt 2pof| A Meka; Yetat £
-] [e]

e GAAS Kol Wb, Classic, High-tech, Natural, Alluring 5 #gh 0|23 JEA AL A o]
@A 3] Skt 0]-?1%& Hltﬂ?zw & dut Ak ks e & Zheng Xu(2025)°l A = 545t
BIFEY o, F d7E Y T Det A9 A H|ie o g Y 420 Hu R AghE

I

Ol

T ATS FSE, AV ARG Wee] AR A4S 55|  mebb Aol oheh, dv Mz Aok g
BRA W o2y AUe THAA Bote Ale] F2E WAV FEHOE Uehtt A0 ShHH,
ANOVACIA SHelsl AAA B3, 2 AV 4S54 AL o, 444 AL A Hhshe A
914] o] 9] Yt} Haase & Pokutta(2024)] 17H-Al F542 Lo AAH, Al A2 7]ue] A7)
T2 Aokl Ak tiRfol Ul BabA- A A Wt 28] 22t 3L WHSH BY AAZ ek g A
CARIIA S FEE A OR AU 4 ek,

5. 3. Al2} AJOFX} EIThe| Mxjf Zid S7t 3= H[
PCA A3}, Mokx} Aok}l Al B 5 Gravitas vs. Cuteness, Arousal vs. Serenity, Rusticity vs. Modernity<]
Al AhE FRoth 12y T WAt Al WA FAHEY] &A7F A= o], Mok o2 Arousal vs.
SerenityE, Al= Rusticity vs. ModernityE © 4492 Hestglct. Sato & Inoue(2016)0f =
Aokl ke MY 744 B7} Al luminance®} blue-yellow Jdel ©j&3sl= o] gl=d], o]t X 2H4]
EXo] Y& Wstof WIZFst Arousal vs. Serenity AF¥-& o @A A4S whE 7HsAd 0] ATt Elyoseph
et al.(2023) LLMO] AT FARE FAA WE F2E BRSHAE AT A oA zFo]E Kelrka
AZstoletl, £ AT o5 MR A 74 G LA O Z Slskgiet. that o] 23t oAl HHo]

o O
Sob 559 A7 S0l Z|AS A Qv A2} Gealel BT 68 59 A5 B Ak

254 Archives of Design Research 2026. 08. vol 39. no 3



HAel A, Al H

74 A 72 8RA 28 A0, AT 4849 4934 B3] Taw
RAGNAE QU Aol o] ol

ugkss o3 Beo] A,

.4, MOIXLE 28t H CIXIRloA 2] &l

3 , Al Mokrt ko] A 74 &
Fdo] AUAA ot Mokl ko] Al 7h thok
o Al Mokl ekt e fARGol Ril(5.2), MA
1TH(5.3). Hayashi et al.(2025)2 & AJZb-qlo] mdlo] X
7} ol A7t AA Adshe AZHH A3kE Adst] Kot 28
astoleh £ Ao A3t A AlZF Mokl Fghe] luminance 9]

A=) Aol & 23] WAISSAL QA Sk AlAteitt.

(¢]
-

2
iy, W
|
ja :
i
s
© ol
g,
r-lm
)
o
[t
=
i
0.
ok
>
pied
oo
o,
E
o,

;.:HE

o
o}:I 2

D g
=

-
[«
=

¥ H
rjg AU
o,
=)
&
=
S
L)
Mo

2

)
w2 e

-‘-404..

HCERERETE)

N

>

oX

b

[¢]
1= d
Ji
o,
ox .
=
n)
=
>
i}
2o
B
>

b

Jo

ol

-
a3

b 2

(¢

of
i

_lZ:L
2z,
o 22
D)
)
o
i
&
o
ol
rlr
o flo
=
o

vy

2
2
)

N

N

yur)

-
)
L
T
)

%,
of 3O
o
lo

iy

4 A BHAA, oA T A= Al MR tiA dAl Bt =4 E 28
23+ AR Tapang & Espineda(2024)7F 223195, MRS 91t TA¢1L
A}Z}E’J %}*W %‘3& Hhgste 284 FZol Basteh AL Algste A A%
3 719be] 7] A3 A= f-86HA 282 & o, Mot e
GARRL o] 7)ute] AHgAL AR Hebs|ojof gitt, AvtF oz Afoka}
= e Bdg Jfdeietd, AL 7N 24 TRl B

=
2
2 ol
et}
Y
ry
o

L
)
N
ox,
o

o of aE

N

N

Moo M1 2
oL

z oE sk

—
r
1
)
2

& oft
)

ol

e

icH
oG

I

0.
“

o
i
2
ol
ﬂ
O}'N O_u
st

10 ofn

(DN}
Holo
il = o
)
oy
oX,
é
o
a,
b B
39,
o ET; rlo
% =
=
Lol
>
N

e}
fr
n)
N
2
T

2 At AMoRRp oo AR g Wk Al 7HA] ’%‘”‘éffé Al B9 SH& HuF o2, AlZF AIZHE
TS 7HA Heko] AR S HEe 4 J=RS HESHI ICC, Pearson r, One-way ANOVA, PCA
45 Fofl MekaF Adat GPT, Claude, Gemini Al E’%‘% v W gt A}, Al 524 - 2|24 HAo] st
Ao A= Aokt ﬂ‘:‘fﬂr frAkSE RS Hof ‘“ZH 719 9] 27] @Al A &8 7FeAdE Flstel o, Wt
o)X oAl HE FAMY BE, AAE A, A Wl =3 94, MA A ] A SAES
Aol 59 AL FRIH G o= A Al Hdo] Mokt Heko] MR S S0l wrgsA 13
AAFstH, 8A T]RQ] Wt A AIE S48 wfi= BHEA] AR} o] 715Ee] o] B E] ofof gt

B Gl Mokrt Ttk O she] At Az Hetake] A4 Wit olFol A gk, Tl

1
=2
doleg BEatarts IAS /ML, G5 AoIAlE vt A2 Fekte] wwE Fo Mokt S44E
TSt Aokt dlolel 2 Al shel Bashe Wke] 2d AW @77k 499 Bask gt

References

1. Bojic, L., Kovacevic, P., & Cabarkapa, M. (2025). Comparing large Language models and human
annotators in latent content analysis of sentiment, political leaning, emotional intensity and
sarcasm. Scientific Reports, 15, 11477 .

2. Elyoseph, Z., Hadar-Shoval, D., Asraf, K., & Lvovsky, M. (2023). ChatGPT outperforms humans in
emotional awareness evaluations. Frontiers in Psychology, 14, 1199058.

3. Haase, J., & Pokutta, S. (2024). Human-Al co-creativity: Exploring synergies across levels of creative
collaboration. arXiv:2411.12527. https://arxiv.org/abs/2411.12527

www.aodr.org 255



4. Hayashi, K., Ozaki, S., Sakai, Y., Kamigaito, H., & Watanabe, T. (2025). Diagnosing vision language
models' perception by leveraging human methods for color vision deficiencies. arXiv:2505.17461.
https://arxiv.org/abs/2505.17461

5.Jonauskaite, D., Abu-Akel, A., Dael, N., et al. (2020). Universal patterns in color-emotion
associations are further shaped by linguistic and geographic proximity. Psychological Science,
31(10), 1245-1260.

6.)Jonauskaite, D., Camenzind, L., Parraga, C. A, et al. (2021). Colour-emotion associations in
individuals with red-green colour blindness. Peer/, 9, e11180.

7.Jonauskaite, D., Epicoco, D., Al-Rasheed, A. S., et al. (2024). A comparative analysis of colour-
emotion associations in 16-88-year-old adults from 31 countries. British Journal of Psychology,
115,275-305.

8. Kobayashi, S. (1981). The aim and method of the color image scale. Color Research & Application,
6(2), 93-107.

9. Kho, J., Kim, J., Park, T., Liang, C., & Lee, J. H. (2026, May 22-23). Comparative analysis of color
image perception between normal color vision and color vision deficiency for fashion color planning
[Poster presentation]. 2026 International Conference on Clothing and Textiles, Seoul, South Korea.

10. Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. Journal of Chiropractic Medicine, 15(2), 155-163.

11. Machado, G. M., Oliveira, M. M., & Fernandes, L. A. (2009). A physiologically-based model for
simulation of color vision deficiency. IEEE Transactions on Visualization and Computer Graphics,
15(6),1291-1298.

12. Miotto, M., Rossberg, N., & Kleinberg, B. (2022, November). Who is GPT-3? An exploration of
personality, values and demographics. In Proceedings of the Fifth Workshop on Natural Language
Processing and Computational Social Science (NLP+ CSS) (pp. 218-227).

13. Osgood, C. E., Suci, G. J., & Tannenbaum, P. H. (1957). The measurement of meaning. University of
[llinois Press.

14.0u, L. C., Luo, M. R., Woodcock, A., & Wright, A. (2004). A study of colour emotion and colour
preference. Part I: Colour emotions for single colours. Color Research & Application, 29(3), 232~
240.

15. Sakamoto, T., & Ichihara, Y. G. (2019, July). Exploring Color-Universal Design Considering Kansei
Differences: Color-Vision Types and Impressions of Color Images. In International Conference on
Human-Computer Interaction (pp. 62-72). Cham: Springer International Publishing.

16. Sato, K., & Inoue, T. (2016). Perception of color emotions for single colors in red-green defective
observers. Peer/, 4,e2751.

17.Schloss, K. B. (2024). Color semantics in human cognition. Current Directions in Psychological
Science, 33(1), 58-67.

18. Tapang, R. K., & Espineda, M. N. E. (2024). Empowering inclusivity: Understanding and designing
for color vision deficiency in consumer behavior and product packaging. Archives of Design
Research, 37(4), 27-41.

19. Wright, B., & Rainwater, L. (1962). The meanings of color. Journal of General Psychology, 67(1),
89-99.

20. Zheng, L., & Xu, L. (2025). Comparing Al and human emotional responses to color: A semantic
differential and word-color association approach. Color Research & Application, 50, 286-300.

256 Archives of Design Research 2026. 08. vol 39. no 3



A

r

l

H

e ilycy

A

A
S

ALSH A7} o] A7)

THr
1K{

A= o], A7}

Kis

i

Ao AyjH o 2 7hakE|o] gtk ALe] A

wjr

Foi, Mok

5]

T2 A

1H

g2

S

443

NCD 130 XA 9] 13070 A 322} 2871

LR

H2a S HolEet vl wstgleh. SuideAr,

o 438

w3,

3|
&

Shz AlA

] Lo}
R A

S

Flol A Aol B

|

steiet.

A2

=
=

by

oA e Aokxto] W O£ A7} S4o]

Aot

d

N

7] 232,

o

TRkl Al B4 &4 7]ute)

EREEE

QI7k Tl Aol Ul w0l 3 2t

of e, A4 AL SJ]m] 2

Py

*WAIA AL 5% (xulong@qut.edu.cn)

www.aodr.org 257



	생성형 AI와 색각 이상자의 색채 감성 반응 비교 연구
	Abstract
	1. 연구의 배경 및 목적
	2. 이론적 고찰
	3. 연구 방법
	4. 연구 결과
	5. 논의
	6. 결론
	References
	초록


