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Abstract

Using event-related brain potential (ERP) and 
psychological rating of readability, the fatigue 
and readability when reading with four types of 
individual reading lights was evaluated as a 
function of age. For each type of lights, the 
reading was continued for 30 minutes. Four 
types of individual reading lights were (1) 
incandescent light, (2) fluorescent light, (3) white 
LED(blue LED + yellow phosphor) ;WHITE Hi, 
and (4) white LED(purple LED + RGB
phosphor);TRUE WHITE Hi type.     

The participants were categorized into young 
(21-24 years old) and older adults (65-76 years 
old). As for the older adults, the rating of 
readability of texts was high for the white 
LED;TRUE WHITE Hi type. On the other 
hand, for the young group the rating was not 
different among four types of lights. Concerning 
the older adults, the evaluation of fatigue 
induced during a 30 minutes reading by means 
of ERP, especially P300 amplitude and latency, 
showed that the fatigue was less for the white 
LEDs than for the incandescent and fluorescent 
lights. On the other hand, as for the young 
adults, the fatigue did not differ significantly 
among four types of lights. The white 
LED;TRUE WHITE Hi type  was found to be 
effective especially for the older adults from the 
viewpoint of readability and fatigue. 
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1.INTRODUCTION

The development of the light emitting diode 
(LED) has been advanced in recent years, and 
a LED with high brightness has been 
developed. LED has the advantage that the 
consumption of electric power is less than that 
of an incandescent lamp or a fluorescent lamp. 
As LED has very sharp spectral 
characteristics and the response speed in their 
radiation is high, the visibility afforded by 
LED to transmit a message or warning to 
users must be taken into account. The color 
types for LED have also increased. With such 
development efforts, LED has become 
applicable to many systems such as computers, 
printers, or duplicating machines in order to 
quickly and accurately transmit information 
or warnings to users.   
Although the readability afforded by 

fluorescent lamps has been examined (Ohtani 
and Takanose, 1966), the readability afforded 
by white LED has not been examined fully and 
systematically. The readability of white LED 
has not been explored systematically. The 
spectral characteristics of white LED are 
different from that of fluorescent light or 
incandescent light. Therefore, the fatigue 
when reading might be different according to 
the type of reading light. Four types of 
individual reading lights (two types of white 
LED, incandescent light with dispersing film, 
and fluorescent light with ND film and 
dispersing film) were prepared for 
experiments. 
In this study, the fatigue and readability 

when reading with four types of individual 
reading lights was investigated as a function 
of age. The experimental factors were type of 
individual reading lights(four levels) and 
age(young and older adults). The effectiveness 
of the four types of lights when reading 
documents under dark environment for one 
hour was evaluated from the viewpoints of 
mental fatigue measured using event related 
potential P300 and psychological rating on 
readability.

2.METHOD

Participants
Ten participants took part in the 

experiment. Five were older male adults from 
65 to 76 years of age. Five were male 
undergraduate students from 21 to 24 years of 
age. None of the subjects had known 
neurological or psychiatric problems. 

Apparatus
Using Neuropack2200 (Nihonkoden), the 

EEG was recorded from three leads Fz, Cz, 
and Pz with a sampling frequency of 1 kHz 
(the time constant was 10 s). Silver-silver 
chloride electrodes were applied at Fz, Cz, and 
Pz according to the international 10-20 system. 
The reference electrode was linked to both ear 
lobes, and the difference of the potential 
between each EEG site and the reference 
electrode was recorded(mono-polar recording). 
The grand electrode was fixed to the forehead. 
The following four types of individual reading 
lights were used: (1) incandescent light, (2) 
fluorescent light, (3) white LED (blue LED + 
yellow phosphor);WHITE Hi(Toyoda Gosei),
and (4) white LED(purple LED + RGB 
phosphor);TRUE WHITE Hi(Toyoda Gosei) 
type. Types (3) and (4) will be called WHITE 
Hi and TRUE WHITE Hi, respectively. The 
relative spectral sensitivity function of the 
four types of individual reading lights are 
shown in FFig.1.

Fig.1 Spectral characteristics of four types of 
reading lights: incandescent light, fluorescent 
light, and two types of white LEDs. 

Task
The experimental task was to read 

documents referenced from articles or columns 
related to politics, economics, sports and 
science for 30 min. These were collected from a 
few Web sites. The documents were written on 
white A4 paper. The number of words per one 
page was about 1000. The font and size of 
characters were MS gothic and 12 pt, 
respectively. Four types of documents were 
prepared. 
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Before and after the experimental task, ERP 
was measured as follows. The stimulus was 
presented as a flash stimulus using an LED 
goggle to obtain the P300 waveform. The 
subject was required to respond to count the 
number of LED flash stimulus when noticed it. 
The number of added EEGs to obtain an ERP 
waveform was 40. The analysis interval was 
from 160 ms before the stimulus onset and 900 
ms after the stimulus onset.FFig.2 shows 
example of ERP. 

Fig.2 Example of ERP 

Design
The experimental factors were lighting 

condition (four levels) and age (two levels). 
Lighting condition was a within-subject variable. 
Age was a between-subject variable. 

Procedure
The four lighting conditions were randomly 

assigned to each of four documents. One 
lighting condition per day was conducted for 
each participant. A total of four days were 
necessary to exhaust all of four lighting 
conditions. For each lighting condition, the 
lighting environment was adjusted so that the 
illumination on the center of documents 
became about 102 lx.  The i l lumination
on the center of document was measured 
according to JIS 5-point measurement (10 cm 

 10 cm). Before and after the reading task, 
ERP measurements were carried out. The 
P300 measurements were carried out two 
times with eyes closed for each subject. The 
participant was instructed to keep a mental 
count of the number of LED flashes. This 
number was reported immediately after the 
measurement. One measurement required 
about 15 min for each subject. Between two 
measurement sessions, the subject was 
allowed to take a rest for about 1 min. Using 
the grand-averaged ERP waveform, the 
latency and amplitude of N100, P200, N200, 
P300, and N400 components were obtained for 

each measurement. The EEG that included 
EOG was removed from the grand-averaged 
waveform.
After the experiment, the participant was 

required to rate the visibility of document 
under each lighting condition using a seven-
point scale (1:very difficult to read, 7:very easy 
to read). 

3.RESULTS

As a result of a two-way(age by lighting 
condition) analysis of variance conducted on 
the three psychophysiological measures, 
significant main effects of age were detected 
for the N100 latency(F(1,7)=6.242, p<0.05) and 
N1-P3 amplitude (F(1,7)=6.198, p<0.05) of Cz 
EEG site. As a result of Friedman non-
parametric test conducted on the psychological 
rating on readability, a significant differences 
of rating score among four lighting conditions 
was detected only for the older 
adults( 2=7.978, p<0.05).
In FFig. 3 the change of N1-P3 amplitude (the 

difference between N1 and P3 amplitudes) 
before and after the task (the value after task 
minus the value before task) is plotted as a 
function of lighting condition (type of 
individual reading lights) and age. The 
negative value means that the fatigue is 
induced. If this value is nearly equal to zero, 
less fatigue is induced after the task.  

Fig.3 Change of N1-P3 amplitude before and 
after experiment (N1-P3 amplitude after 
experiment - N1-P3 amplitude before 
experiment) as a function of type of reading 
light and age.       

In FFig. 4, the change of N100 latency before 
and after the task (the value after task minus 
the value before task) is shown as a function of 
lighting condition and age. The larger value 
means that the fatigue is induced. In FFig. 5
the change of P300 latency before and after 
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the task(the value after task minus the value 
before task) is shown as a function of lighting 
condition and age. The larger value means 
that the fatigue is induced. 
In FFig. 6, the results of rating on readability 

of documents are shown as a function of 
lighting condition and age. 

Fig.4 Change of N100 latency before and after 
experiment (N100 latency after experiment-
N100 latency before experiment) as a function 
of type of reading light and age. 

Fig.5 Change of P300 latency before and after 
experiment (P300 latency after experiment-
P300 latency before experiment) as a function 
of type of reading light and age. 

4.DISCUSSION

The event-related brain potential (ERP) is a 
transient series of voltage oscillations in the 
brain that can be recorded on the scalp 
following a discrete event. The ERP has been 
traditionally partitioned into a number of 
separate components. The component labels, 
such as N100 and P300, indicate both the 
polarity and approximate latency of the peak. 
The N100 component represents a negative 
peak occurring approximately 100 ms after the 
stimulus onset. The P300 component is a 
positive peak that appears approximately 300 
ms after a stimulus onset. The amplitude and 
latency of the components occurring within 
100 ms of a stimulus onset are labeled as 
exogenous and are influenced by the physical 
attributes of a stimulus, such as intensity, 
modality, and presentation rate. Later 
(endogenous) components, such as P300, are 
nonobligatory responses to stimuli that vary 
in amplitude, latency, and scalp distribution 
with strategies, expectancies, and other 
mental activities triggered by the event 
eliciting the ERP. These components are not 
influenced by the physical attributes of the 
stimuli.
 The P300 components are useful to identify 
the depth of cognitive information processing. 
It has been reported that the P300 amplitude 
elicited by mental task loading decreases with 
the increase in the perceptual/cognitive 
difficulty of the task (Ullsperger, Mets, and 
Gille, 1988;Kramer, Wickens, and Donchin, 
1983;Isreal, Chesney, Wickens, and Donchin, 
1 9 8 0 ; I s r e a l ,  W i c k e n s ,  C h e s n e y ,  a n d
Donchin,1980;Donchin,1979;Wickens,1979; 
Ullsperger, Neumann,andGille,1986;Johnson 
and Donchin, 1980; Neumann, Ullsperger, and 
Gille,1986;Mangun, Hillyard,1987;Magliero,
bashore, Coles, and Donchin, 1984;Kramer, 
Wickens, and Donchin, 1985). The P300 
amplitude or the difference between N100 and 
P300 amplitudes, that is, N1-P3 amplitude 
reflects the depth or degree of cognitively 
processing the stimulus. In other words, it is 
strongly related to the level of attention.  In 
the studies cited above, the relationship 
between the P300 latency and the 
perceptual/cognitive difficulty of the task was 
also discussed.  The P300 latency was found 
to reflect the temporal aspect when cognitively 
processing the stimulus. When the stimulus 
was cognitively difficult to process, the P300 
latency was prolonged. The smaller the 
difference of N1-P3 amplitude, N100 latency, 
and P300 latency before and after the task, 
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Fig.6 Psychological rating of visibility as a
function of type of reading lights and age.



Vol.47 No.2 (2005) 50

50

the less the fatigue induced during the 
experimental task is.        
From FFig. 3, 4, and 55, it is clear that the 

degree of fatigued induced differs between 
young and older adults and among four types 
of lighting condition. As for the older adults, 
two LED individual reading lights ((3)WHITE 
Hi,(4)TRUE WHITE Hi) induced less fatigue 
than (1)incandescent light, and (2) fluorescent 
light. On the other hand, as for the young 
adults, it tended that (1)incandescent light  
and (2)fluorescent light induced less fatigue 
than two LED individual reading lights. 
Psychological rating also showed that the 
readability for the older adults is higher than 
that of incandescent light and fluorescent light. 
As for the young adults, the psychological 
rating on readability did not differ among four 
types of lighting conditions. Such differences 
between young and older adults must be due 
to the difference of relative spectral function 
among four lighting conditions. As shown in 
Fig. 1, the types (3) and (4) reading lights 
include more relative luminous efficiency with 
low wavelength than the types (1) and (2). 
Such characteristics of relative spectral 
sensitivity function must be proper for older 
adults whose visual or perceptual function 
degrades as compared with young adults. 
Comparing the types (3) and (4), the type (4) 
was more desirable than the type (3). This 
must be because the type (4) includes more 
relative luminous efficiency with broad 
wavelength than the type (3).  
In conclusion, this study indicates that the 

LED individual reading light the relative 
spectral function of which includes more low 
wavelength relative luminous efficiency is 
more proper for older adults. When designing 
individual reading lights in vehicles and 
airplanes, the types (4)TRUE WHITE Hi is 
recommended especially for older adults. 
Future research should verify the results of 
this study by collecting more samples. 
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