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Abstract

Background  This study examines how aging and color vision deficiency (CVD) influence single-color
image associations and affective structures, providing empirical foundations for fashion color planning
within a Color Universal Design framework. Moving beyond hue-centered models based on normal color
vision, the study investigates how perceptual differences reshape affective meaning space.

Methods Older adults, individuals with CVD, and adults with normal color vision evaluated
systematically controlled single-color stimuli (hue, value, chroma) using the semantic differential
method. Meaning-space distribution and hierarchical cluster analyses were conducted to compare spatial
dispersion, axis differentiation (Hard—Soft, Dynamic—Static), and levels of category integration.

Results Differences emerged not from shifts in the axes themselves but from variations in color
distribution and affective organization. The normal color vision group showed wide dispersion and
an eight-cluster structure. In contrast, the older adult group exhibited compressed distributions and
condensed affective responses, while the CVD group showed weakened differentiation under specific
hue and tone conditions, resulting in uneven affective contrasts. Both perceptually vulnerable groups
integrated categories at a six-cluster level, indicating less distinct boundaries. Thus, the precision of
affective communication through single colors may vary across user groups.

Conclusions  Aging and CVD reorganize affective meaning space rather than merely reducing
discrimination. Fashion color planning should incorporate value and chroma contrasts, avoid overreliance
on specific hues, and integrate non-color cues when necessary. This study extends Color Universal Design
toward emotional and symbolic communication in fashion contexts.

Keywords Color Image Association, Color Perception, Color Vision Deficiency and Aging, Affective
Meaning Space, Color Universal Design
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1. M8

1.1. 939 g ¥ 5%
Aoko|Lt My} Zho MZbo)Ake AA FA 9 5.9%, A9 0.4%7} dd =™ (Korea Disease Control
and Prevention Agency, 2024), 2020 $A1F 71+ EA4 1537 94, o4 109 o= oF 1605 ol
gettHMoon, 2020). MZroldAke] 77.3%= Mo oJgt &5 U QAL BEHS A& W ofy et AL A
A4S A5t 9oh(National Human Rights Commission of Korea, 2005). AZ+o]Abw} SHrA] A )
SRR BREe XA A AA L2 34 FubAd @ At 59 A7 Hstel Alg Ash 2 AJof
=4 5= AF) MAA LY ofHFS A1 UrHSong & Kim, 2007; Chung & Lee, 2020). L&,
YAl Hopof| A Mztol ket gL G MA okt gt Aot Sy fxil T AA H g2

T3 TARl HEok(Han & Lee, 2018; Oh, 2024)of FgtEo] glom, 2 AR 754 Holgh=
FANA FEE I glo], MA k2 giate g g Mol Ae)d, 7HAH 7)15) gigh dt o]Fo|x| |
23! Ith(Chung, 2018). &, WA 9] a3t 7% 5 shukel AA o 22 43 A4 ofn|x] Agof gt
ZefyHd bapel ‘ﬁ?%“"o}t}

E39], AAolu|A] A4S T8 AAA AfruAlAT A ZAE dge] 523 HATAA(Shin &
Lee, 2016)9] AA71€2, E EE} w2 vkl (Mass market) 49 AE7180] SHE& FaL o] AA

Sl 5 W 01$°1X111 @ sles, oldl r&_o} o&?— 2 5 A0l G S 4T 5 gl
o /5_ % = A3

7% A77t Bashe,
oo & A, AN HLZT AR SFF(HZeld % APl ANAL EAE AFHoR
MRS, A ok 39 ARolulA] A2ke] ol shotstaia Tk, o] B, A A
glolA] A olu Ao EEA ARUANAE AHsalA s Al driel A 43719
Sl5k AAPEE EE5TA st o] AT AR ool BAE BAH 47t obd A8 540 o
spgolets POl FT, AFATE B AAelnA A9 Aol g AFFozA delgy

ARl A7 5 AFI A8 93t 712 HlolH E Alg ettt HellA 2u|7t girt.

2.0|2X HiZ

2. 1. Mzl oFX}e} AMzHX|Z}
2.1. 1. AZ}O| &%}

AZrolgh QI7Fe o] AR thE oo U Wl gH A
A E(cone cells)ol] SJEFIT AFA = S J
al,, 2010), 54 39 dFAEZ7F AEHAY 715 ol

—‘17—.‘01 AH(Color Vision Deficiency)& YepH Al Hct.

AFAEZ o]} £3 E 7T &4 Aol et MZtol 2 PR (Protan), DA (Deutan), T (Tritan)9] Al
7HA] W32 FEECH(Moon, 2015). PE A ZrolAle Ly Y5A|E2] 7% oj4eg AW (protanopia)
A ok(protanomaly) 2 & A=W, 2w Aol tgt B4l X 7o] AL E7He3et WA, Aok
U $29 A4 5 FAGHE A BE #Ip7L uAE A 250l 47 H“&“’}E} D MzZtoli2

F YA 29 o]Afo] B E 1 MW (deuteranopia)d &M K (deuteranomaly) & FRECH =M

o] Mifo]l M JM Ei= ST 2557 A ey A4 g o] A& Q] AL o oA

o] Ao Aottt TE Mol ST AFAEY] 7|5 oo = A Mu(tritanopia)Tt
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A oK(tritanomaly)S E3tsbH wheda} 2k 7t 2po]E AH5)7| o] 7 YgtiMoon, 2015; Chung, 2017).
2o WZgo g 604 ol THAE £ SISt dAF w2 T Mzho|Adztel 7He mhapa 9 w-gha] 74
2 A5} Ae] 7} T (Moon & Han, 2015) SHAA AR A 2] o] H2-& ZAErh

L

o

=, AzbolARE Telst MRATIA AR, G 7o) obd Azt §3 A7 SAT AA W e
FH 02 o AUst AR ek Seo] Baghe AR,

2.1, 2, 1EXL} A2} 5t §4

U 0 2 I EX M} BA A= 6541 ‘“AXH FAHR EF 71E 08 ALk §lA(Kim & Kim,
2019), o] AI717} =W 1A 9] ZF A d A AR FAAQ] 3} IS AXA =] 24 9 7154 g3t
vrepdt,

d7lol= Jfﬂﬂiﬂ PIAIE ] 71 A sl AlAIE 9] viA| F27F WEE o], AR thE T 9|
dof tigt ZF=rt At o 8 ASFEH(Kim & Kim, 2019). T3, 533 349 &4 42 8] dalo
Sgols 9o o 5015“5 Al S Wste] digt A& FEo] AA oA AR Y] B ANt o7
ASHARITE. E5] ARk A AR &3t FHA AAE Heho] Q14oke vl 2 ol 85 A=THSong
& Kim, 2007; Kim et al., 2014).

TS, A Wold w2 TR S fA0HE 27 duldoe] HA M H o] ZesiA 2 S

‘117‘" 5 o](Yoshida & Sakuraba, 1996), ¢ 400~500nm ]9 du}go] Wuo g 213 B35 %
FoHA Hi=t, ol2lgt @] AlA HstE ugRte] MRzt 5 Aot Fadt AA 42l F SR
Ry gon, ol <lsf, Aa Wi =yl oA Jaa S g 314 710] ALEo] £3
]2 ¢ W HChung & Lee, 2019).
LS A (A, G Bapd ol ek 7 s o] fhsts W, A (R, ) A
SAE AdH R Wik Aol gogt AFS Blth(Song & Kim, 2007). 15Ut G4 F9 oA =
g Aol ot A A HY] wARE Aol A=hs] FEsk7] o ¥ Chung & Kim, 2015). 7341
I3tE Qs AA A1 FEo] ARtH o g Aot AgolA LA = a4t MA Aol B Wk fiH|of T
A oJ&sto] ME 6}% &S Holu(Hahn & Park, 2011), A4 2}, B 2}, A= 245 o435t M)
Ago] Fas¥hKho et al., 2026). 01310} e 3bof o7k AR ZF A AAY oFAke] B d Q1A
E/0] A M7 5—’31 o7 52 AlARRH

o

H_P"

2.2 ZB|LIHA X

A tjAl(Universal Design)olzt A=, A4 Ak 53t dAglo] HE Abgo] AglshA AHge 4
= AFH g2l oJulstH(Lee & Park, 2012), AHE Il A SIS 5 9l Eel3 9 X4 S
sheho 24 1 EstE 84S Ad eI JEFF S P55 AL BRE gt
FUHA HARl dS 7Iete g W Aelf-yHA tA1(Color Universal Design)< A/-42}
et Q1] A% B4, o] Agtol| np2 ohofeh Mg 7HA = BE AHEARE A dARlelA

AL ouldtth(lLee & Park, 2012). &, thget A7 E402 et 2821 A2 dAelS F9f 2t
AR A 2 7Fe s Al 84S A5t sk TiARl HEkol gt

vl TjARle] Aee 7 At MR Mgyt AR AA] BAS HE5ho g R Mol At MAF
A AA He FE HHAY oS HasEla, Dut AR} B53 £520 AMg BT

B HZAL gR5t= AL ou|FtH(Chung, 2017). SRS Bopel AAAS o)A AR FHZo
EA4YE 457 5t THeE F2 gFoA 1 9 em(Moon & Han, 2015; Lee, 2019; Kim & Lee,
2025), MA A2 A o|u] 2|7} F a5 tHFo] A= AT AR Fofol| A HEfun A TRl of A7

%3 YrkKho et al., 2026). ol & AT 7154 WY FUHATARI 237& 9L

EipS| \‘41}01 FOKKim, 2024; Cho, 2024)°f MR 2| 2tzt 74742 2o & s Aefauud gapel /idS
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AAS Belg oA 1S AFek3 7)o sickBac,

1992). M) AAFE B4 AL RS 1] § T A9 o]n] A2 Lok (Woo & Kim, 2010) Lho}r}

4 AR Azkel AT AWS Fo AT OJnE ARATlE ded wee ofnlgic e uat

QUA), B3k 7)olst Agtstel 54 oln|Ag YA, ol=ie By L el

o 93 3HEt B3 AAES B3 A olu]A Ao ket o]t
J o

b M |
9L 4 A, BoME BT B A4S 49 Lol Mol Aae Be AuEel A 2L 7
o

2]
2
L
rulm
X,
°

lo =
%0,
o
fa|
U
ox,
[
i
2
u
_O|L
k=
e)
>,
=)
&

Lo oo
& YERiA et o] wiize] M2 o gloj= dntoes
A AfryAolAd etoln] HHAQ Aol 7Hedt A AR F
2

L7l A o ]
Al Z+slgt A olm| x| iﬂl?—.l(Color Image Scale)o] THEoF T}, o]+ MA7L 7HA| 1L =

v o g IS RS VRS THE ATE SA0A, dAkel Foll FAAQI QulE Foshs AlAH
A2} kS AgAR] W o] th(Kim & Park, 2022).

o E o,
U oo

2. 4, IjMMzHe} O] X|
AR Hoks 55 MAQE S8 EAE JE Ade] digh oJE&E7} ul$ =1 (Baek & Kim, 2009),
718 Al A olu| x| 9t v o] F QA thFolAw, MA ojulx] AHE F AFH AFUA AT
gzpel A E o] Ado] a3t Hofo|th(Shin & Lee, 2016). o]of whal sjAt]z}el Hofoll A o] M3 df=
irs] o]Folx| 1L gl=tl, B4 iAo MA A% E4AT(o & Yoo, 2008; Hong, 2024), EE M|
W5} (Baek & Kim, 2009; Goo & Lee, 2013; Lee & Koo, 2021) 50| Qlth. o] A s dr]zlel HolofA]
AR Ate BHEA Q] ARSI ] EREY whE B4, T8i 4 s A oju] ] eke] x| EA
T TS A7t o] FolX| AL ok AR ofAbe] BEAJS w1 gttt ugASo A M) A%
A7 (Kim et al., 2014; Lee & Koo, 2021)7} 2}, o] T3t TR0 MAR|Z EAof w2 A3 AAF 2

AR olulA| o] Aoli= thEA gleh. B4 2ulAE WASHA R, TS LG S ol AT
wistol, Aol UuA txelo] o] ARk SAFET gl AL T ), A5 ofae] A oju] X7t
E4 BT A o]u 4 AALT A o]l A A8 el e 712 A7 L a g Agelet.

B A7 Azol kst wste] mhE MRAZ 4ol AR olux] ql4je] A
A<l g e] A7 ol =8 AT AL BH 02 Gt o] 9a *ﬂiHXV#El
oz

A
olegel Sl AR 1Y, GBL A2V} ATLIPADE O 2 B A7 Al
B3 ojul ) Bt AL 4, #4824, HRA 58

3.1, Hot =t 7L
3.1, 1, Mzl ZHEEA EE
A olnl A HrHE A% A4 FEALe AAF LR 5-85+= Kobayashi A& o]u]x] A7 Y (Kobayashi
Color Image Scale)Z 7|§te 2 MAAstglch 13 A P84 =& DA oA+ Kobayashi(1981)9] A4
olu| ] FEAL A AL WA A FEAF T AP A (Park & Park, 2000; Choo & Kim, 2002; Cho & Kim,
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2006; Kim & Lim, 2012; Park, 2015)8 243}e] A7 o|u] x|} s M| 7H4] Q14 %
FEAE SA0R FRIEE FAS & 733709 FEAE SHEA, 1] F5E
LA Al9Jete] 7070 FEALR 12} FEH o 122 & H HA) 11 P84 TR
T AT RIEE o] 53 st o] AEF 5U0S R 8 BEE Hrks AA
Bk P44k ofn] WA, F8AL 2F ou] ARG, s AA oluj] o] AL 71EL

o,

7}l

oo

Mo & Hf A
24 rlo fr

N
-

ik

o
ox
1)

;Fll: -
N
5

of

2y e

QL
32,
i)

il
2}
o
i)
32
lu)

A, A4 AR olw A AdE Brkshrlof Adstrtar wahE 28709 A M A A HE

A= tH(Table 1).

Table 1 Color-emotion adjectives
HS Zd At Hs oy dEA
1 SE¢ Active 15 =2 Masculine
2 A Calm 16 (GRSEShl Feminine
3 H|AAXOI Casual 17 228t Soft
4 AAHQI Formal 18 ZEst Intense
5 el Modern 19 72 Light
6 e Classic 20 22 Heavy
7 #He Clear 21 AHEQI Natural
8 SEst Cloudy 22 prezshll High-Tech
9 =5t Mature 23 A2 Rustic
10 HH=2 Cute 24 HHIE Refined
11 0pst Elegant 25 SfaEShl Romantic
12 IHEZ21 Gorgeous 26 EHH = Chic
13 (UpsEShl Rational 27 Fxlet Child-like
14 FapsEshll Emotional 28 Ak Noble

3.1. 2, 42X 74 E Mz X== HE
A A olu] ] FIt= 57 HER AASHATE Bke] AHEE A A5+ Kobayashi 7]H4¢1
13048 7]1Fo 2 5ot ZF A A2ES AP A (Lee et al., 2012)5 Farste] A ol 2-gt
4.5cm x 4.5cm 7|2, A5SAF]A(21.0cm X 14.8cm) N5 3| %] Z2abof| 3t 7|4 BaFsiqict, HEF o7
A A=E 1308 sl 212 28719 A FEAE BUHE 4 e 5A AAYY 282 AEATL
T/ = At

A7o] AT MAXZE S4 w2 AR ojulX A7} Aol S vlw BAHY] 8| Al Ao
z 1& QA wsl7h AP 65A o4 1A

-+ rl
o,
i
32
o
b
tol
2,
1o
Ol
1=
B
)
£
olr
1%
o
N
B
=
i)
ol
H

2802, AAA Azbolol Gl AEA A4 @ AR ofml A Aol de SHol s Felgz

ARSI AAH M7holgArel AF 2= AW, Aoy, SAlof, Palok 5 WA Aoyl i

20~500 A9l 27702 FASIGT ML AAHNZoln, ARA ok AW ke 20~307] A2l

20702 st

AYe ARAZL BN EL Teistel AdFo] FATE FUHAA 2F 12488 25 34 Aol

st A4 v 8 B asol ALY FFS Aases] 99 A HolRele N5 A=
A

s shc, RE IS Aaelole Shelnt LAe 98] AR ade] AFIYE S sct.

A% A A AFEE0) o 5B AF A BAET A4S P AU, olF ol AT
S FRE 1308 2424l o) 2870 A4 FgARl T 5H AR BIhE SAstelek. DA Foldo] A9
Q7B 20| HEA 718L B3, Foldrt 4 37 8-S HAShE S shoiet,

Ol
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3. 3. HloIE 24

3.3.1. QAR U FHE M
SAF B A 24 A A 431 F2E ERlsty] $l6l| SPSS28 BAIZE IS o] 83t &Y
QIEA(EFA)S 4351t 89l & 7|32 %{I(elgenvalue) 1.0 o]AS 7]1& 2 2 5F9 e, Varimax
S-S A8yl erm KMOS Bartlett] #3834 A4S A9, 24 F8APE 28 354050 o4
2] AP E=AE 354 (communality) © & gl5tSiTt.

oo Y -lil off fob ko oflt
o,

i)
N R A o oF

HEAPCAIS Fehd A7 ofux] BroIA] kb F4 ojn] AUS B2, ofu] 30 We
917 9 BE Ao) B wlwshy] 915 SAstech. WA AT FF ARE /O MG g4 Plold
& 533, W 7H AT T2 AL KMOSH Bartlett] T4 A 402 A% 7, B8t 4
Ak 2R PC13} PC2E A, o] Bhe] X5 YE-0.2 Attt

)
T
e

].
(PC1, PC2)yE& 71L& Hed A #3(PC )9 AAH=E AlAlskLL, Fe Zfol= PC13 PC2
& 3 MANOVA(Wilks” Lambda, 2 & Pillai’s Trace)® H35st90H, F2Jst
Partial 7° & 374 R135}7 RAE AL Hu| & a5l dc), npxjuto 2 3
23513, Heke] 244 (centroid) F#9} H 4 EEtH2H(convex hull) H&& At
SHit A& 5 vl Wk

b

o

= 0“3‘ ﬂllﬂl oX
oY o
Mo oX

o
t1

o L

-3
2
1o,
Shs
2=
oE
do
o

), AR 2870l A), v (M) AR ofulz] Q1A ztol & R AGH7] 9l5h
E AAstglon, Jod BE Ao oigh ‘%’”ﬁ.‘;‘ﬁq QAEH(EFA) #H& dgde

A E A (Hierarchical Cluster Analysis)S 435ttt Ward d2HS 43
=2 I3(dendrogram)®] ¥ HHS 2ARE A 3 +& ﬂﬁo}_ﬂ A HAL 9 ou]A] FLA}
A4S ZHCE 223 7, 4 8 B4 23S AEst A9 SAE 249 A onA 7YER
AESHAL) o] & o R FAR BAS B3 £&¥ oJu] FIKX: Hard-Soft, Y: Dynamic-Static)ol| 4 <]
RE MAE FHEE Rk, AT 5 AA o|u]A] 7t EA olE AREH £ 9S4 Mxel Ml

o= BAg,

oN
o>

4.1, O|0|X] FEAF 2202M At
A QoI RA(FFA) A, KMO= A3+ 1( 27 .8 A
9098 BT oF53k 2301901, Bartlett®] FEA AA A Al Agk BFo|A %Jo}‘ﬂq(m 001) OJ
& 2L Y8 237 Txet AYH FRAS W JES A, Al Ao BRolA 5891 o]F 13t
UJ} el A= gFarol ERlEo] 570 81 Akt 354 (communality) A% 2] ofn|z|
FEATE 40 o2& ety 252 3EAAE A SE3] AYEe AoR . o &
Aol A AHERE 2871 o]H|A] FEAFE B4 fA|5kE Ao] HFBHE QI niA|uto 2 A E FRA HE
A3, AFER 229 57 35890 AFF 1(ZFHAD)ANA 63.947%, AAF 28 o] Ahol A 88.330%,
|2 ZHol A 86.839%2] 2] BALS: AHsto], ZF Xeho] 287) o|u] x| FEAl A o] 57 aglo R
ofglo] A e 4 Q18-S S1Fh, Table 2= Bl (YA ZH 9] @ Q1BA AT} go|rt,

it

=

Hy
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Table 2 Factor analysis results for the control group (normal color vision)

4

HI

g8 ZE4
1 2 3 4 5
0|4 %9l 0.893 0.903 0.213 -0.058 0.163 -0.05
Hul= 0.841 0.896 0.081 0.081 0.002 0.156
HIZAIROI 0.909 -0.864 -0.36 -0.041 0.176 0.011
AHEQl 0.932 -0.825 -0.204 0.422 0.114 0.14
ZAIHOI 0.867 0.82 0.377 0.227 -0.021 0.029
HHel 0.878 0.819 0.044 -0.016 -0.445 0.08
KXIst 0.908 -0.76 -0.419 -0.143 0.365 0.027
=pokshull 0.865 0.757 0.366 -0.315 0.195 -0.145
Xl 0.843 -0.725 0.004 0.116 0.545 -0.086
HHL 0.959 -0.695 -0.608 -0.034 0.313 0.085
TSt 0.892 0.66 0.45 0.482 0.004 0.144
228t 0.967 -0.227 -0.921 0.059 -0.192 0.163
Az 0.918 0.348 0.869 -0.042 -0.08 -0.183
7t 0.961 -0.4 -0.865 0.007 0.186 0.133
22 0.967 0.464 0.848 0.013 -0.152 -0.1
st 0.939 0.063 0.833 0.128 0.471 -0.05
st 0.929 0.555 0.676 0.367 -0.167 0.028
M= 0.736 0.188 -0.506 0.371 0.353 0.426
2o0fst 0.835 0.212 0.04 0.873 0.054 0.149
U E=2Sh]l 0.889 -0.117 0.456 0.727 0.287 0.237
Szl 0.901 -0.593 -0.125 0.687 0.18 0.172
[RSRR] 0.89 -0.604 -0.259 0.606 -0.065 0.295
5313t 0.71 0.168 -0.147 -0.138 -0.789 0.136
2 0.955 -0.432 -0.577 0.11 0.65 -0.022
QIS EQI 0.903 -0.048 -0.085 0.266 -0.025 0.906
RFAFQI 0.902 0.008 0.038 -0.226 0.349 -0.853
SO EQI 0.58 0.157 -0.196 0.122 0.409 0.579
ul=xshll 0.548 0.11 0.475 0.197 0.122 -0.507
KMO 909
_ x? 6280.048
Bartletj;iclj-?%ig o 378
P {0.001***

p*( 0.1, p**( 0.01, p***( 0.001

FEALS o] 7 FAAS A FEAME M HAg e R FAE A x LA P dig PCAS
AA P Al A B3 PCAS] A& A PC1, PC2¢] H3) lloading] = 403 8AMS A3t 5, 9F+)
S WFe] dix FEARt AAFS AN 1 3% Qg aokste] AT E 4t PClollAlE F(+)<]
kol 71012:(.934), FATH.865), 7HH2(.846), T-2(.773), Tt A I(.758) 59 REee A o] &4
A HHE, 2() 9] Wkl A 2(-.866), A%7H-.811), AZ(-.806), A2]H (-.800), A& (-.784)
o] 225} AGo] &A A= o], PC1L Hard(-)-Soft(+) oJn] 208 FAFct PC2o| AL ok+) Bk
57 Q1(.846), 7ETH.619), FTAI(593), AEAI(557), TAU(548) 59 AAA A= 4 5d
Je7b 2 8 FAE v, S0 Fdols SRTH-541), 227H-.491), HZ9(-.434) 52 FEAPT
A=l o], PC2E Dynamic(+)-Static(—) &Ju] 02 FA Tt

oN

)
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PCA A Zoll A ot 7k Bax= Figure 13 2t o] st Jat 7+ B Zpolg HZsl7] $1al MANOVAE
AT A3t Jt f-3Fof uhe) ou| 7 BEoA F-og o7t I ATHWilks” A = .814, p € .001).
@ HAo A= PCLI PC2 BFRoA Jat adr Ueyton, £35] PC2oA Adides & a7}
R A AR A3 AP 1@ HADS AP 2870l D v wE(ZAAMZH I gt Zol&
B o}, AT 282kl sk v BRYANZD) 7ol BAH 02 §olek 2ol 7k LA kit
group
400000 T OuseZ1
Oxdgz2
° Qunz
3.00000 e
2.00000
1.00000
.00000
-1.00000
-2.00000
-3.00000
-3.00000 -2.00000 -1.00000 .00000 1.00000 2.00000 3.00000

Figure 1 Group distributions in the PCA-based color-adjective semantic space
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