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Introduction

Abstract

Purpose: To conduct electroencephalography (EEG) and visual evoked potentials
(VEPs) measurements to establish quantitative data on brainwave responses to
changes in eyeshadow color, specifically the area ratio of red (R) and blue green (BG)
eyeshadows. Methods: A study was conducted on 60 males and females in their
20s using R, BG eyeshadow to determine brainwave responses via spontaneous
EEG and VEPs while presenting stimuli with changes in area. The analysis focused
on brainwave responses to changes in area. Results: The brainwave responses to
color stimuli demonstrated the maximum activity in the occipital lobe. Specifically,
the results of the EEG analysis indicated the highest level of psychological relaxation
response at the golden ratio (1.61) of the eyeshadow area. Furthermore, when
participants wore BG eyeshadow, their brainwave responses remained stable,
with consistent alpha wave activation. The presentation of stimuli using only the R
eyeshadow resulted in a significant increase in arousal and attention levels among
the participants. Perceptual responses exhibited variations based on the ratio of
the main color and point color in the color contrast, and rapid VEPs responses were
observed specifically under high saturation conditions. Furthermore, the study
revealed a high correlation between the brainwave response results and color
images, indicating that an optimal ratio of color areas can maximize the impact
of the color image. Conclusion: The results of this study suggest that by adjusting
the area ratio of colors, it is possible to scientifically determine and achieve the
desired color effects in color planning. The brain cognitive responses, resulting from
variations in eyeshadow area, can serve as valuable quantitative data for image-
making purposes, and can be applied to various fields in the beauty industry to
expand their usability.
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Table 1. Color stimuli used for the complementary contrast of red and blue green eyeshadows

Area ratios in the complementary contrast

Foreground color on the stimuli

Arore/ ABack Arore/ Atot Blue green/Red Red/Blue green

— — — —_—

1.42 0.41 o G o o
. — o~ —

161 0.38 - o = x>
e — — —

5 0.17 o A = o
— - — -

& 0.1 o ab = ®
- - — —

0 O © o

Arore and Agack is area of foreground and background color on the stimuli, respectively, and Atot is total area of the color stimuli.
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Figure 1. EEG responses to changes in the area of BG and red eye-shadows.

Six different eye-shadow colors were used with variations in their area, and brain wave responses were collected. The stimuli comprised
single-color BG and red eye-shadows, as well as variations in their area by a factor of 1.42, 1.61, and 8. The EEG responses to these
stimuli were recorded. (A) CVBs results for 6, «, B, and y waves with changes in the area of red eye-shadow on a BG background. (B)
SEF50 and SEF90 results with changes in the area of BG eye-shadow on a red background. R, red color; R8BG, the area of bluegreen
compared to the red background color is 8; R5BG, the area of Bluegreen compared to the red background color is 5; R1.61BG, the area
of bluegreen compared to the red background color is 1.61; R1.42BG, the area of bluegreen compared to the red background color is 1.42;

BG, bluegreen color.
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Table 2. P300 response to color stimuli of contrasting BG color on R eyeshadow background

Fz Cz Pz
Max. (uV) Maxp. (ms) Max. (uV) Maxp. (ms) Max. (uV) Maxp. (ms)
NES 3.78 367 3.79 314 3.71 273
Red 6.95 353 6.89 336 6.34 333
R8BG 7.00 355 7.01 343 711 296
R5BG 8.02 402 7.94 385 8.48 345
R1.61BG 7.63 383 7.90 381 7.46 365
R1.42BG 7.56 380 8.46 371 7.84 355
Blue green 7.97 330 7.97 355 7.39 296

NES, no eyeshadow; R8BG, the area of bluegreen compared to the background color of red is 8; R5BG, the area of bluegreen compared
to the background color of red is 5; R1.61BG, the area of bluegreen compared to the background color of red is 1.61; R1.42BG, the

area of bluegreen compared to the background color of red is 1.42.

Table 3. P300 response to color stimuli of contrasting R color on BG eyeshadow background

Fz Cz Pz
Max. (uV) Maxp. (ms) Max. (uV) Maxp. (ms) Max. (uV) Maxp. (ms)
NES 3.78 367 3.79 314 3.71 273
Blue green 7.97 330 7.97 355 7.39 296
BG8R 6.61 353 7.05 328 7.65 310
BG5R 6.36 339 7.55 323 6.90 341
BG1.61R 741 385 7.09 377 6.89 332
BG1.42R 8.93 411 9.05 415 8.53 365
Red 6.95 353 6.89 336 6.34 333
432 http://dx.doi.org/10.20402/ajbc.2023.0057
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(A) Color  scale CVBs (%) (B) Scale Spectral edge frequency
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R1.61BG

R1.42BG

BG

Figure 2. EEG responses to changes in the area of BG and red eye-shadows.

Brain waves were extracted using six different eye-shadow colors with variations in their areas. Stimuli were presented using single colors
of BG and red eye-shadows, as well as two colors with area variations of 1.42, 1.61, and 8. The EEG responses to these stimuli were
examined. (A) CVBs results for 6, o, B, and y waves in response to changes in the area of red eye-shadow on a BG background. (B) SEF50
and SEF90 results in response to changes in the area of BG on a red eye-shadow background.

(A)
Color Scale White R/BG 1.42 R/BG1.61 R/BG5 R/BG8 BG

P 300
brain map

Color Scale White R/BG1.42 R/BG1.61 R/BG5 R/BG8

P 300
brain map h

Figure 3. P300 response according to the area changes of red and BG eye-shadow.
Stimuli with area changes of 1.42, 1.61, and 8 for the solid colors of red and BG eye-shadow, and two colors were presented, and the
resulting P300 responses were observed. (A) Results of P300 response to the area changes of BG on the red eye-shadow background. (B)
Results of P300 response to the area changes of red on the BG eye-shadow background.
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Figure 4. VEP responses shown according to changes in the area of the red background color (R) and focal color (BG).

Stimuli were presented with six eye-shadow colors, including no eyeshadow, single-color eyeshadows on R and BG backgrounds, and two-
color eye-shadows with area changes of 1.42, 1.61, and 8. P300 waveforms were obtained for each eye-shadow color. (A) No eyeshadow;
(B) Red; (C) R8BG; (D) R5BG; (E) R1.61BG; (F) R1.42BG; (G) BG.
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Figure 5. VEPs response to variations in the area of the background color (BG) and the focal color red.

Stimuli were presented with variations in the area of single-color BG and red eye-shadows as well as in the form of two different colors at
area changes of 1.42, 1.61, and 8. A no eye-shadow stimulus was also presented. P300 waveforms were obtained for each eye-shadow
color. (A) No eyeshadow; (B) BG; (C) BG8R; (D) BG5R; (E) BG1.61R; (F) BG 1.42R; (G) Red.
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BGY] whgo] o WA Lehon, F A4S HARR L] A
A3t MARHREBG, R1.42BG, BG1.42R) The] H|3k P300
o] w27 Vrelth, o]of wiste] NES A2 A& 713 1x|5kso]
L9JtH(Table 2, Table 3). 0= T =} THE | ofo] =& AR}
3l R7} ol A2o] 22 NESY] A2 Kt 398, 7|93, AR}
ol METE= Z 02 {58 4= i of=o] FHHE Qg0
o 7 AL ofo] 5] HAF QS Hsto] A ZR bluett
greenA| GE ARIGY, o= M7} AL /o] WHEHA A
wjo] geng LAz Mo wheh AFke] ol autao]r] uiE
oltk(Birren, 1973). o|2jdt 0|21 A= BGY ofo] =9 M4
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0}0| =< Red/Blue green2| HXH| H3}0f| = |2IX|

Aol 23t QJIXEEER1 P300°] o] A $EH A& ARt
(Table 2, Table 3), Mehta & Zhu (2009)2] 2|51 red2] A= A] 7]
gL kol Aol 1Y, blue: ol Al A&
ATt AYeA ) FHETNE £ 4 okl st E oE a7
oA purple wheelst} grayscale wheelsE A=E2 3o X2} gA
H(perceptual task)S A3 A} =7} §l= grayscale wheelsE
t} color (purple) wheels & ¥-3-0| § ®2A YERGTHSimmons
et al., 2007), o] 4L & AT ZFe} FUsHA FAHM (white,
black, gray)2th SXjM ojo] H=Qo)A AjZt Q1R|¥RZo] WTH
(Figure 4, Figure 5). & A7l =7t & redieh =7t 2
< BGY A=A P300 ¥Ego] 3A vehd Aaeke o2 =&
=ich AZFYZ ajdE MAiHred?}t green)d] A= AR =
ot £ Aol A= uira oju] vj o) WA w7t 1,429 A=
AAEG-0] Tkl §58 4= QIATHTable 2, Table 3). 71 9] F-to|
] white, red and blue lightZ flashA=& & 23} white= & A3
Aol o] QIA] ¥h-go] A9kom red} blues A9 HSHBH =&
E9tHSubramanian et al., 2012).

A2 SRS ATk g AP ute) R AT BGAAS
B} redWS] A= Al putet yute] 7153} SEFS0, SEF909] vt
$0] ZA UepdthFigure 1, Figure 2), 0] A= =7t &2 A
Aol thigt Ho] A3 &4 Bert 2A vehd o= mobe
Z =0 A=2Q) RO Z Qo] ZHdwkg-o] IA =5 wtof
= STk BGHFZA tiH] Roto] H&=--uiA HAo] 54 uf pu},
y=}, SEF50, SEF909] §R&-2 ]9 A gl =311, Relg
A ojH] BGHIAY HZo] 1,42 wf pu}, yut, SEF50, SEF902] HH&-
= A gHollA S71stichFigure 1), vRgAo] BGY| 791t RY
o) A ZHPEREST QIAERSo] FA| B4 E UK Table 2, Table 3).
o3t A= v T thulA o] HAju|&o| wizt Mof| thgt <17
ATt HEr= AL 758 5 A5l ARG E F A9 dWay
3} & A% AZhkgo] 7] tE2A =58 4 Yt £ 9 A
oA H=7t &2 R ofo] M= A= Al BGEF putet yat, SEF50
T} SEF90 ¥hgo] &2 ZTE Foto] et w245 A4 A=
< FESR, P3009] QAR =the AL 458 4= 9t o=
ofo] = Aite] WA nof mEbA st ATE K= 4 St
= 2& 43S,

BGY A4 olu] A= oHY, ]t 78, A%, FS 5 A ofu|A
2 W ARFEIA Aol glo] Bzt o|n|x|o|th(Birren, 1984;
Shin, 2009). BG °o}o] = M A=ER st Hupg 543 2
3t QrEa AR HukR] 89l ombr} 7V A SU1e AL Bot
of greenA| F 9| Aol ek} QPZFE Erhe A4 ofm| X<} Y
A3}, Kim & Ryu (2011)0] 9JshH A4 ou| A= Hupgkg A7}
oF WS AT} k. £ ArATel A= GA] At o]w]x|et
Huphga FUs AR ST Ail= AR ATATL st

YRS = AU
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i (color scheme) H23} 7150 Aget avtE &7] 9Iste]
og] A& AYHez wjAjsts Aoz, WA Aol /g0l
ZFoht A= AR o) Ao A EE A Hrk g A o]m|R|
of ofate] 2eEl= 7397F Wrk(Kuehni, 2003), 22 A2 gt
A = the| g e HAH]o| me} PEot Y =r) th2EA X E
tHMoon, 2010), & AtollA Aol FAL 0|83t ofo] H=
O] upgtli} ZRIEMO] HAR|E HSA|A Hut &4 A o2 |
A v 2o} vigtdidie] 2RI EM HAo| 1,619 % &, AA A
WA v7} SgElE d o Hugk3o] o) F=rt 713 IA 4
ot FaH]e WA= g dufuirt @4 2 23 ZEE 5
o] Axh= FFHlEo] =L HASHA A ZtE= o] E(Andreassi,
2007y& Frlshe Hudn itk (Figure 1, Figure 2), o]=gh 0|2
< uo g FHEEEED)L IARE R o|27|71A] o
& Bof, B3] 145, vl 5ol 4 85t & AtollA Al
ZF =gl 9Jet 1o Bh3o] WAR|7} 1,614 wf =1 ojeks
o it =EEglon 227t MdE 1 Lyl AgeEh Rt
S A%, v|e o]EQ] FFHEA RS =AY = olE I
A|stet, A2 diH|shs WA 2719 wE) 2A A=A, &
Aol A= Bl T} diujAe] YR E vt ShaHlEoA kY
ol B L FYstsit). & v di] 24 9] HAH]go]
H3tof whet At |uke] H]&(relative band power) YAgH wiE
< vetiion o] Aal= gl iz mo| diu|7t 24 =AY
o izolgta Atz Hr,

HH | 2 Huhgo] 9| MFLx vjdE HdEc Ay
7% O = 23 G Aol E FAE EAY FHFAFI7]
95}e] vivid tone?] redit yellow redE o] ARESIT} PCCS tone
B2 93} 12 tone = vivid tone 7F FO1E 71 toneo| 1 B
<= A F red7t 7H F9(awareness)E Ti= A4/do]tHMoon,
2010: Birren, 1984), £ AF|AE R ofo] A= 2FojA] 7t}
uio wetute] B LTt 22 AR Kol F2A4}9 ofo] e
7t AFHolo| M ZHYEE Fole AR {58 5= St

Z white, black, gray, red, green, blue, yellow, purple A=%
2 3}o] 233 A3} P08, Fz, T7, P5ollA] Hkg-o] Bk o m(Becker
et al,, 2009), 23321 blue, green, redE A=E2 3o Huls 23
gt A3} Pzoll A 7Fg = A whSSHATHYoto et al., 2007), =< §Hg-
Goof T3t E T2 AFE occipital lobedl A & 4= 9l A1ZY Y
olgt B 1= Y(Glazov, 2007) £ A2} MAAIZA] SEGo|
A Eukgo] @tk A3 AX|SHAHFigure 3). YEIH
9] 7H=AdS AR A3} color combination®]] TS E=2A 7] what
P100} P300¢] §Hg-o] A ¥E3SIGITt, o] b= Tt Mg
tH|AZ] e Q1A whgo] 2 AL usHATH(Yeh et al., 2013),
2 AT AT A= HA| H9| thu|of w2 §RAT7F FEF,

2 AollA ofolH =t e 2 w9 §h3 MY o] 23} Hlgt

ANE 2] 7|29 0|25 AT = e 7I2E v 4 9

glov], AR olu)x) ol uio g volae) AH) AL AL 73
9 T} AR AN 4 9 A0 AR

Conclusion

+ A= red9} bluegreen?| ofo] H=%-E WA HopAA A=
S AT HuSA AT o 29t

ofo] Hm= ATl oft ka2 Hof &4 74 T 7 FE2ol
7P 2= STk, 5714 HARSK1.42, 1.61, 5, 8)f mE Hupikg:
A= Farle(le)d] WY i Hupgkgo] 7Py ojeE Yt &
A) BGY ofo] = A=A a7k B4E0] e At
2 =EER 40 Fog2 HavH] | AEG A A=
A HESol B3, 11 F Rol 7P FER M olE Sl of
o] A= IO ufefE ey, Agtiu] A F2AT} B of v
£ w2t Huhkgo] fEA Agsiglon, 55 A= d ¢ A
Zkgo] w=A| 2185kt E Hupeks: A3k A oju| x|k Fd
sto] AVt Huke] B2 M2 AVt ke AE IS &
AT, WA ofo] A WA wE =EH AR
ojm|A| wo|7) Al AAfe] oju|z] EIE ATt FFA HlolH= B8
o] 7FsshH FEAY ZoflM= & A7 23] JFAEE 83
o E22Q o|m]A| wolol =S W 4 & AR A=
e,
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X IHE
ARHERRRSAT IR RN LI i T AR AR
EBR

REXFERFH, R8G8ET, HE

By #iThEE (EEG) MMTTFLRBM (VEP) NE, URIUMEKRMNBZACTCRVNEEHIE, 57
=& (R) MEZE (BG) REMNEMLL, FHiE: 1608202 5B ML E#TT —IA%E, £H R BG
BRES, B BAREEGHVEPHEMBIRRN, FRSMERELHRIE. DTHERZM LR KEECHR
Ko G55 MERERIBBIM BN N ETIHNRAER. BEKREE, REBEEDTERKA, BREXKHES LA
(1.61) BIDEBRMRNMATF RS, 5, HE5EMB BG R, tiIHMERRNARFRE, o KE
—X, XEA R BEEZVRFBZEERSSSENMRBEEIEIR KT, BRARNKXIHETHENEERE
BNRBNLEANER, HERIZRERIBMESRMG TUEIIEN VEP RN, b5, HAZREIET T LRI
NERSEXBEGENSERXNE, RARENTEXELATURAREMAELBEGHNEM, &t X
MRLERKHA, FEEANS, BTEBECNERLILA, AIUBZEREHAFIEENETHR. HREXE
TP ERNROAR R N A UEAEG&FIF BB MENEERE, HAETUNATERTIEIR TN
T REAT AN,

RIBiE. EARLL, KB, fNFEE, BREC, MITHAKEELL
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