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Abstract : Inspection works are mainly carried out with the help of human sensory organs and are relatively simple
and repetitive, so that the workers easily become to feel fatigue and monotony, and their mental activity levels attenuate.
Consequently, during the work time, it is natural that various lighting conditions around the workplaces may have in-

fluence on work performance.

This study aimed to analyze cortical fatigue of inspection workers. Thus, an inspection work was simulated on a com-
puter monitor under various lighting conditions, and CFF, EEG, EOG, and HRV were analyzed.

According to the results, fatigue symptoms turned up about 60~90 minutes after the onset of the work. The work per-
formance also decreased when the fatigue symptoms due to lighting conditions turned up. The variations of fatigue and
work performance were affected by illuminators, illumination levels, or interaction of those two factors. The spiral
fluorescent lamp seemed improper to the inspection work, because the work performance under that condition was lower

than under any other illuminators.
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Fig. 1. Mean CFF variations in each illuminator over time.
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Fig. 2. Mean CFF variations in each illumination level over
time.

Table 1. Result of ANOVA on CFF

Source of Variation SS DF MS F  Signif.
Main Effects 161931 8 20241 2655 .011
ILLUMINATOR 29478 3 9826 1289 283
LEVEL 52236 2 26.118 3426* .037
TIME 80.217 3 26.739 3.507* .018
2-Way Interactions 86.374 21 4113 539 946
ILLUMINATORXLEVEL 39.795 6.632 870  .520
ILLUMINATORXTIME  37.070 4119 540 842
LEVELxTIME 9.510 1.585 208 974
3-Way Interactions 32261 18 1792 235 999
L e 32261 18 1792 235 999
Explained 280.566 47 5969 783  .822
Residual 731902 96 7.624
Total 1012.469 143  7.080

* significant, a = 0.05
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Fig. 4. Appearance rate of each EEG wave(spiral fluorescent).
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Table 2. Appearance rate of each EEG wave over time
(spiral fluorescent and 5001x) (unit 5 %)

Elapsed time

. 0 15| 30 | 45 [ 60 | 75 | 90 | 105 | 120
(min)

o wave |20.73(19.40| 18.81 |20.16(22.90|20.5520.58123.46{20.73

§ wave |53.54|56.73{58.08 |56.47{54.15(54.67(54.6652.96|56.11

0 wave {25.74123.88123.11|23.38122.94,24.77(24.76(23.58|23.16
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Fig. 5. Variation of EEG at each electrode position(spiral fluo—
rescent and 500Ix).

Table 3. Appearance rate of each EEG wave over time
(fluorescent and 1,1001x) (unit ; %)

Elapsed time
(min)

o wave |25.94i26.56/26.16|26.46]26.35|26.98(27.91|26.66/27.31
B wave |51.9151.01}51.21]50.53|52.04|51.33]49.75/49.07|48.18
6 wave [22.15/22.42|22.63(23.01(21.60{21.68|22.33|24.27(24.51
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siotxists|x), M2 M2, 20064

B 20
o 0
0 Frequency (Hz)
Fig. 6. Variation in power spectrum over time(fiuorescent and

1,1001).
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Table 4. Result of ANOVA on response time

Source of Variation SS DF MS F  Signif.

Main Effects 22,700 8 2838 2710 .010
ILLUMINATOR 8.991 32997 2.862* .041
LEVEL 13260 2 6.630 6.331* .003
TIME 449 3 150 143 934

2-Way Interactions 26602 21 1267 1.210 .26l

ILLUMINATORXLEVEL 25784 6  4.297 4.104* .001
ILLUMINATORXTIME 319 9 035 034 1.000

LEVEL<TIME 499 6 083 079 998
3-Way Interactions 902 18 050 .048 1.000
ILLUMINATORx 902 18 050 .048 1.000
LEVELXTIME
Explained 50204 47 1.068 1.020 457
Residual 100.533 96  1.047
Total 150.736 143 1.054

* significant, a = 0.05

117



0x

kn
ne
0o
o
El

Response time (sec)

¥ incandescent
=% fluorescent
—&— three-wave fluorescent
—O-- twisted fluorescent
—O— mean

4 T T T
30 60 90

T
120

Elapsed time (min}

Fig. 7. Mean response time in each illuminator over time.
8
74
)
8
]
2°%1 e———""7 T TTTT= -3
5
Q
2
o
51 e s00
~w-- 800 Ix
—— 1,100 Ix
~O— mean
4 T T T -

60 90 120
Elapsed time (min)
Fig. 8. Mean response time in each #lumination level over

time.

Hhg-AjZte) WMske 287 R Vel A2 Fig
738 e, AadE et B ol RSkl wE
& 5 Uik g —%EE—’F“’F-J 7490l = Fig. 8o
ule} 7ro] 800IxY W WHS-A|7te] 7}AF wh

tio

BEREE AGEN AL
Table 59} Zth

Ho| t}2 zH x| nlsld
2 HES Jehdr S,
i AdEe] A9t A
NA 57} %ﬂrﬂ-—Ol ==
7}%{1;1}}# mE Ao J&D‘rﬂ?iﬁ} w3,

= R00IxY o) AEEo) =, ¥k
omxur 1,100xd o uﬁ}ét}% RAE G F

i x—}‘ﬁ-r'?%‘-n—ﬂ

=9k, HP——A]7}E

%71%& Aerel ol vE, AY FBE
27| 7el wste] AUHoR shepe,
Yo WASHE Q2 Zze) 2377

[=3
3 AdEN BAL Eg) oFHE 4 vk

Table 5. Results of performance under different lighting con-

ditions
o illumination |correction rate(%) response time(sec)
illuminator level(lx) Vemn D Mean D
eal al
500 95.769 | +4.700 | 6.781 | £0.954
o candescent 800 97.445 | £1.415 | 5.175 | £1.197
1,100 94788 | £1.771 | 6272 | +1.065
total 95.527 {3238 | 6.019 | £1.145
500 91.664 | 3512 | 7.244 | £0.484
torescent 800 95322 | £4.056 | 6.552 | =0.711
1,100 94.666 | +4.019 | 5532 | =0.601
total 93.884 | 24.091 | 6.443 | +0.925
500 95.603 | £3.999 | 6.462 | 0972
three-wave 800 96.054 | £1.743 | 5.725 | £1.535
fluorescent 1,100 92356 | 5701 | 5.930 | £0.998
total 94.6707 | 24357 | 6.039 | +1.204
500 93.685 | £3.511 | 6316 | +0.527
spiral 800 91,186 | £7.596 | 6911 | +0.583
fluorescent 1,100 92.469 | +7.103 | 6549 | +0.754
tota) 92.447 | £6.240 | 6.592 | +0.659
500 93.824 | £4.094 | 6.701 | +0.827
800 95.002 | £4.908 | 6.091 | £1.249
ol 1,100 93.570 | £5.030 | 6.028 | +0.826
total 94132 | +4.704 | 6273 | £1.027
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Fig. 9. Relative spectral irradiance distributions of the standard
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