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Electroencephalogram Analysis on Learning Factors during Relaxed or
Concentrated Attention according to the Color Temperatures of
LED Illuminance
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Abstract

The objective of this study is to investigate learning factors (stability, attention and activation) in school by electroenc-

ephalogram (theta, alpha and beta waves) analysis during relaxed or concentrated. In order to measure electroencephalograms, MP
150 by Biopac and ECI Electro-Cap are employed. Three types of color temperatures (3000K, 5000K, 7000K) are used and 13
undergraduate and 12 graduate students are selected as experimental subjects. When subjects are relaxed during contemplation or

concentrated during mental arithmetic, we compare with stability, attention and activation indices. The test results show that

subjects were stable when color temperature is S000K. Subjects gave best attention when color temperature is 7000K. Subjects

activated well when color temperature is 3000K during relaxed attention. However, subjects activated rigorous when color

temperature is 7000K during constrained attention.
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Table 1. Frequency and characteristics of electroencephalogram
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Wave Frequency Characteristics
. related to contemplation and
Theta(©) Wave 4-8Hz creative activity
related to relaxation and
Alpha(a) Wave 8-12Hz stability
SMR 19-15H related to stand by for focusing
B Wave and concentrating attention
(Et)a M Beta| 15-20i related to absorption of learning
Wave or activity
H Beta | 20-30Hz related to excitement, tension or
stress
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Table 2. Chromaticity coordinates and color temperatures of illuminance
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Chromaticity Color Rendering Lumi )
Tluminance | Coordinates |Temperature| Index (R.) vmmnous
Flux (Im)
X y (K) Ris | Ri-15

L1 0.40 | 037 7000 80 74 3,820

L2 035 | 034 5000 82 76 3,800

L3 0.31 | 032 3000 80 74 3,750
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Table 3. Experimental procedure(A¥Exl 3 L&)
order Color tupe Experimental Procedure
temperature | (min)

1 [Natural Light| 30 |attaching electrode and preparation

2 3000K 10 |adaptation to experimental conditions
5 R1 |rest in comfort status
3 T1 relaxed atte.ntlon

(contemplation)

3 3000K -
5 R2 |rest in comfort status
3 ™ concentrated attention

(mental arithmetic)

4 5000K 10 |adaptation to experimental conditions
5 R1 |rest in comfort status
3 T1 |relaxed attention

5 5000K -
5 R2 |rest in comfort status
3 T2 |concentrated attention

6 7000K 10 |adaptation to experimental conditions
5 R1 |rest in comfort status
3 T1 |relaxed attention

7 7000K -
5 R2 |rest in comfort status
3 T2 |concentrated attention
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