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Abstract : Recently, consumers’ evaluation and purchase of online design has been increasing due to the popularization
of designing through personal computers, but there has not been enough studies on consumers' brain wave responses
depending on the change of PC monitor's color. Therefore, this study investigated how brain waves changed when dif-
ferent background colors with gray patterns were presented through PC monitors. Six background colors with same tone
of slightly low saturation were selected, including ivory, yellow, pink, green, blue and pure white as a base color. The
brightness and characteristics of color used were analyzed using the luminance meter and color scales. Brain wave was
measured by EEG measurement equipment. Brain wave measurement was carried out with 9 subjects at 6 points: F3,
F4, T3, T4, O1, and O2. Stimuli were shown for 15 seconds each and black screens were displayed for 15 seconds
between each stimulus. As results, the brain waves at O1 responded sensitively by different background colors, followed
by F4 and T4. Brain index such as ‘RT’, ‘RA, ‘RG’, ‘RSA, and ‘RAHB’ showed significant differences depending on the
background color at O1, whereas ‘RST’ differed at F4. Yellow and blue backgrounds pair was the only stimuli that showed
significant differences in six brain indices mentioned. Yellow background had higher value of ‘RG’ at O1 and higher ‘RST’
at F4, indicating yellow background enhanced concentration. Blue background activated ‘RT’, ‘RA, ‘RSA, ‘RAHB’ at O1,
meaning blue background induced calm and stable state.
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Fig. 1. Six stimuli with different background colors for EEG measurement.

Table 1. Color characteristics of pattern and its background

Background color

Pattern color mean

White Pink Green Ivory Yellow Blue (N=18)
Color(E) 160 219 60 24 37 136 160
Saturation(S) 0 90 57 199 165 185 0
Brightness(L) 240 189 130 218 165 95 179
L 100 78 65 94 88 47 81
0 18 -17 3 -7 -9 0
0 -5 25 13 51 -47 0
Red (R) 255 221 139 251 230 23 190
Green (G) 255 180 166 235 222 117 190
Blue (B) 255 202 111 212 120 179 190
HTML color names FFFFFF DDB4CA S8BA66F FBEBD4 E6DE78 1775B3 CACACA
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Fig. 2. Sensor positions for EEG measurement.

Table 3. Frequency range of brain indexes analyzed in this study
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Abbreviation Full terminology Frequency range
AT Absolute Theta Power Spectrum (4~8Hz)
AA Absolute Alpha Power Spectrum (8~13Hz)
AB Absolute Beta Power Spectrum (13~30Hz)
AG Absolute Gamma Power Spectrum (30~50Hz)
AFA Absolute Fast Alpha Power Spectrum (11~13Hz)
ASA Absolute Slow Alpha Power Spectrum (8~11Hz)
ALB Absolute Low Beta Power Spectrum (12~15Hz)
AMB Absolute Mid Beta Power Spectrum (15~20Hz)
AHB Absolute High Beta Power Spectrum (20~30Hz)
RT Relative Theta Power Spectrum (4~8Hz) / (4~50Hz)
RA Relative Alpha Power Spectrum (8~13Hz) / (4~50Hz)
RB Relative Beta Power Spectrum (13~30Hz) / (4~50Hz)
RG Relative Gamma Power Spectrum (30~50Hz) / (4~50Hz)
RFA Relative Fast Alpha Power Spectrum (11~13Hz) / (4~50Hz)
RSA Relative Slow Alpha Power Spectrum (8~11Hz) / (4~50Hz)
RLB Relative Low Beta Power Spectrum (12~15Hz) / (4~50Hz)
RMB Relative Mid Beta Power Spectrum (15~20Hz) / (4~50Hz)
RHB Relative High Beta Power Spectrum (20~30Hz) / (4~50Hz)
RST Ratio of SMR to Theta (12~15Hz) / (4~8Hz)
RMT Ratio of Mid Beta to Theta (15~20Hz) / (4~8Hz)
RSMT Ratio of (SMR~Mid Beta) to Theta (12~20Hz) / (4~8Hz)
RAHB Ratio of Alpha to High Beta (8~13Hz) / (20~30Hz)
SEF50 Spectral Edge Frequency 50 % = Median Frequency (4~50Hz)
SEF90 Spectral Edge Frequency 90 % (4~50Hz)
ASEF Spectral Edge Frequency 50 % of Alpha Spectrum Band (8~13Hz)

Al Fp2Fpl Al Asymmetry Index between Fp2 and Fpl Ln(sqrt(R)) - Ln(sqrt(L))
Al _F4F3 Al Asymmetry Index between F4 and F3 Ln(sqrt(R)) - Ln(sqrt(L))
Al T4T3 Al Asymmetry Index between T4 and T3 Ln(sqrt(R)) - Ln(sqrt(L))
Al P4P3 Al Asymmetry Index between P3 and P2 Ln(sqrt(R)) - Ln(sqrt(L))

A2 Fp2Fpl A2 Asymmetry Index between Fp2 and Fpl (R-L)/(R+L)

A2 F4F3 A2 Asymmetry Index between F4 and F3 (R-LY/(R+L)
A2 TA4T3 A2 Asymmetry Index between T4 and T3 (R-L)/(R+L)
A2 P4P3 A2 Asymmetry Index between P3 and P2 (R-L)/(R+L)




Table 4. Brain indexes of significant difference depending on stimuli

A R EEE HYGAS] TN Y] TR TS 657

Abbreviation (Index) Frequency range

State

RT (4-8)Hz/(4-50)Hz
RA (8-13)Hz/(4-50)Hz
RG (30-50)Hz/(4-50)Hz
RSA (8-11)Hz/(4-50)Hz
RST (12-15)Hz/(4-8)Hz
RSMT (12-20)Hz/(4-8)Hz

RAHB (8-13)Hz/(20-30)Hz

meditation, being sleepy, hallucinations
relation, calm state, light hypnotic, depressed
memory, concentration, learning, reminiscence, selective
relaxation, rest, predormition
concentrate
slow /0, attention

calm, relaxation

222. 34 ¥ 4 BAAR

AAE HAE dHolE S4S 98 RS ASE 8
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Table 5. EEG index value depending on background colors on Ol
position

Index Type Il sum of squares  df F p-value

RT 0.140 5 2.440 0.05"

RA 0.014 5 2.658 0.04”

RG 0.248 5 2.468 0.05"
RSA 0.009 5 2.939 0.02"

RST 0.464 5 1.044 0.41
RSMT 5.848 5 0.810 0.55
RAHB 6.740 5 2.691 0.03"
p<1, “p<.05
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Fig. 3. EEG index value depending on background colors on O1 position (Duncan post-hoc test).

Table 6. EEG index value depending on background colors on T4

position
Index  Type II sum of squares  df F p-value
RT 0.077 5 1.900 0.12
RA 0.010 5 1.930 0.11
RG 0.156 5 1.836 0.13
RSA 0.006 5 2.054 0.09"
RST 0.465 5 1.880 0.12
RSMT 4.787 5 1.596 0.18
RAHB 4414 5 1.903 0.12
p<1
ANOVA(Analysis of variance)®2] 8t Z3}(Table 6), o]z}
21 JERF= RSA A 3olA Tt wjg o] wet w3t vhg-

ol & B EO%—ZrOiE‘r(p< D).
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Fig. 4. EEG index value depending on background colors on T4 position
(Duncan post-hoc test).
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Table 7. Differences in EEG index value depending on background
colors on F4 position

Index Type Il sum of squares df F p-value
RT 0.067 5 1631 0.17
RA 0.007 5 1326 027
RG 0.125 5 1287 029
RSA 0.005 51632 017
RST 0.726 5 2739 003"
RSMT 6.860 5 225  0.07
RAHB 2.600 5 1500 021
p<.1, "p<.05
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