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Abstract

We study near point distance as a metric of eye fatigue in the
reading task; the goal is to develop an objective scale for creating
readable Electronic Paper. Near point distance can be measured
by moving a target mark toward and away from subjects as they
try to focus on it (Decrement method and Increment method). The
correlation between the increase in the near point distance and
subjective answers is evaluated in 120 minute reading tasks by
using the two methods of the near point measurements. The
measurement procedure based on near point decrement showed
superior correlation: it is regarded adequate as a quantitative
index of eye fatigue. The Decrement method is used to measure
eye fatigue with 270 minute reading tasks on three media: paper,
electronic paper (book reader using electrophoretic display), and
conventional display (LCD). Only the display evidenced an
increase in near point distance. This suggests that the electronic
paper used in this study is superior to the conventional display
with regards to avoiding fatigue in reading tasks.

1. Introduction

No reliable method that can quantitatively measure eye
fatigue has been established yet. We consider here the use of near
point distance as a metric of eye fatigue with the reading task.
Such a metric is essential if we are to develop readable Electronic
Paper [1]-[8]. Near point distance is the shortest distance at which
a subject can focus on an object. Near point distance generally
increases as our eyes become fatigued. The near point distance can
be measured moving a target toward the subject (Decrement
method) or away from the subject (Increment' method), see (Fig.
1). While the Decrement method is used by most ophthalmologists,
we seek to clarify which method is superior and should be used for
measuring eye fatigue.

We compare the results yielded by the two methods against
the fatigue as expressed by subjects after reading text on a liquid
crystal display (LCD). Decrement method, the method that most
accurately reproduced the subjective assessments, was then used to
compare three media (paper, electronic paper -- book reader with
electrophoretic display, and an LCD) in terms of reading task
performance.

2. Evaluation of eye fatigue measurement
methods [Experiment 1]

2.1 Method

The correlation between results of subjective assessments and
the results of NPD and Increment methods was evaluated.
Experimental conditions are listed in Table 1. Subjects were
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requested to read a novel for 120 minutes on an LCD. The near
point distance of each subject was measured just before and just
after the reading task by using the Decrement and Increment
methods. Mean values of the near point distances determined from
10 measurements for each procedure were calculated for each
subject.
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Fig. 1 Two near point measurement methods: Decrement method
and Increment method.

Table 1 Experimental condition

ltems Contents

Subjects 10 students (twenties)

Reading time 120 minutes

Display 20.1 inch TFT LCD (Dell Co.)
Place Sound-proof room

lllumination 650 Ix on the desk

Instruments NP Accommodometer (KOWA Co.)

Measured eye | Dominant eye (corrected vision)

Contents  for | Japanese novel: Prison hotel Vol. 1

reading (by Jiro Asada)
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The subjects indicated the level of their eye fatigue by _
choosing one of five answers for each of five questions (Table 2). §
Rates of increments were calculated between before and after the 2 8 20 i A
reading task both for the near point distances and a mean value of § g
the subjective answers for the five questions. The correlations E- 10 i A
between the rates were evaluated. 5 E ‘ A
2 2 0 A L L
gs A
Table 2 Subjective evaluations of eye fatigue [Experiment 1] & s
= -10 -
Questions | 1) Tired, 2) Painful, 3) Dry, 4) Bleary, 5) Blurred =
5 : Very strongly felt 20
-2 0 2 4 6
4 : Strongly felt Degradation of subjective score
Criterion 3 : Felt Fig. 2 Correlation between subjective score and near point
2 : Weakly felt distan;z IDecrement method].
1 : Felt nothing §
. 20
2.2 Results S 5
Figure 2 and Figure 3 plot score correlation. Decrement E 2 10 O
method and Increment method indicated correlations coefficients 2.5 s . .
of 0.72 and 0.56, respectively. Significance of the calculated 8 'E_ 0
correlation coefficients was then evaluated by Piasson’s method. é’ = N
Piasson’s method indicates a general level of significance (p) for g -10
the calculated value of correlation coefficients. Calculated p-values k=
were 0.02 for the Decrement method and 0.09 for the Increment 20
method. The statistical association is generally considered -2 0 2 4 6
significant when the p-value is < 0.05, so only the Decrement Degradation of subjective score
method provides an assessment of reading fatigue. Fig. 3 Correlation between subjective score and near point distance
[Increment method].
Table 3 Three media
Electronic paper:
Display LIBRIe
(Dell Co.) [EBR-1000EP] Paper
(Sony Co.)
TFT LCD with | Electrophoretic
Form backlight display Paperback
Size 20.1 inch 6 inch A6
Simultaneously 2 hages 1 page 2 bages
displayed pages pag pag pag
Font 16 point 9 point 9 point
Total page No. 2,122 pages 2,122 pages 1,463 pages
Contrast 10 : 1 9:1 7:1
P05|.t|on of Fixed Free Free
medium
Typical scene

NIP24 and Digital Fabrication 2008
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3. Comparison of eye fatigue by reading tasks
on three media [Experiment 2]

3.1 Method

Eye fatigue was evaluated when performing the same reading
task on paper, electronic paper, and an LCD. The media are
detailed in Table 3. Experimental conditions are listed in Table 4.
Subjects were allowed to free handle the paper and electronic
paper. The LCD was ordinarily positioned on a desk. Near point
distances (mean value of 10 times of measurements) were
measured every 30 minutes during the reading task. Every 90
minutes, the subjects were asked to choose one of five subjective
evaluations of their fatigue for each of the four questions (Table 5).

Table 4 Experimental conditions

ltems Contents

Subjects 6 students (twenties)

Reading time 270 minutes

Rest 10 minutes for every 90 minutes

Place Sound-proof room

lllumination 600 Ix on the desk

Instruments NP Accommodometer (KOWA Co.)
Measured eye Dominant eye (corrected vision)
Contents for | Japanese novel: Prison hotel Vol. 1 ~ 4
reading (by Jiro Asada)

Table 5 Subjective evaluation [Experiment 2]

Questions Typical complaints Criterion
A) Eye ability Bleary or blurred view 5 : Very strongly
. . . felt

B) Eye fatigue Dry, itchy, or painful 4 : Strongly felt
C) Physical and | Tired body (except | 3 : Felt
mental fatigue | eyes), Mental fatigue | 2 : Weakly felt

. ] 1 : Felt nothing
D) Sleepiness Sleepy, Faint

3.2 Results

Figure 4 shows the rate of increase in the near point distance
over the 270 minute reading task. A clear increase in near point
distance was shown only for the display (LCD), see Fig. 4.
Degradation of subjective score were indicated both for ability of
eyes and fatigue of eyes commonly for the three media in Fig.5
and Fig.6.

An unexpected result is that paper and electronic paper
showed no increase in near point distance although their subjective
assessments indicated an increase in fatigue. The reason for this
disagreement between the objective and subjective results can be
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understood by explanations that eye fatigue does not always yield
a near point extension, or near point extension does not occur if
eye fatigue is rather slight.

Thus, the near point distance should be regarded as a useful,
not a comprehensive, metric for eye fatigue assessment. It should
also be noted that electronic paper showed similar performance to
paper with regard to eye fatigue. The reason for this may be
explained by their common characteristics; both are reflective
media that can be freely handled.
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Fig. 4 Rate of increase in near point distance in the three media.
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Fig. 5 Degradation of subjective score for eye ability.
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Fig. 6 Degradation of subjective score for eye fatigue.
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4. Summary

Validity of the near point distance as a metric of eye fatigue
was evaluated in 120 minute reading tasks. Eye fatigue was
measured for a 270 minute reading task on three media: paper,
electronic paper (book reader using electrophoretic display), and a
conventional display (LCD).
1) Compared to the Increment method, the Decrement method
yielded superior correlation with subjective fatigue assessment
(coefficient is 0.72) and so is a reasonable metric for assessing eye
fatigue.
2) Near point distance is seen as a useful, not a comprehensive,
metric for eye fatigue, since it can indicate rather heavy eye fatigue
or a part of eye fatigue.
3) A noticeable increase in near point distance was shown only by
the conventional display (LCD) for a 270 minute reading task.
4) These results suggest that the electronic paper used in this study
is superior to conventional displays (LCD) with regard to avoiding
fatigue in reading tasks.

References

[1] M. Omodani, “Concept of Digital Paper and its Technology Trend”,
Journal of the Imaging Society of Japan Vol. 38, No. 2, pp. 115-121
(1999) [in Japanese].

[2] M. Omodani, What is Electronic Paper: The Expectations, SID 2004
Digest, pp.128-131 (2004).

[3] M. Omodani, S. Okano, E. Izawa, A. Sugiyama, “Studies on
Readability as a Target of Electronic Paper —Current results and
suppositions brought by reading experiments on displays and papers-
”, Journal of the Imaging Society of Japan, 44, No. 2, 121-129 (2005)
[in Japanese].

NIP24 and Digital Fabrication 2008

[4] S. Okano, M. Omodani, A Study on Readability as a Goal of
Electronic Paper - Effects of media handling styles -, Proc. IS&T’s
NIP21, pp. 65-71 (2005).

[5] E.Izawa, M. Omodani, Difference in Performance between Paper and
Displays Used for Proofing: a Study for Electronic Paper, Proc.
IDW/AD ’05, pp. 847-850 (2005).

[6] S.Okano, M. Omodani, “Requirements for Realizing Readable
Electronic Paper —Evaluation of Effects of Medium Handling Styles,
Medium Weight and Displaying Area on Reading Tasks-", Journal of
Printing Science and Technology, 43, No. 5, 34-41 (2006) [in
Japanese].

[7]1 J.Imai, M. Omodani, “Reason why comprehension level tends to
decrease at reading tasks on displays -Challenge to the realization of
readable electronic papers-", Journal of the Imaging Society of Japan,
46, No.2, 90-94 (2007) [in Japanese].

[8] J.Imai, Makoto Omodani, “Reason Why We Prefer Reading on Paper
rather than Displays - An approach to the ideal design of readable
Electronic Paper —, Proc. IS&T’s NIP21, pp. 628-632 (2007).

Author Biography

Mitsuru Sakamoto was born in 1985. He received his BE degree in
2008 from Tokai University. He was engaged in a study of readability as a
target of Electronic Paper in Tokai University.

Junko Imai was born in 1983. She received her BE degree in 2006

from Tokai University. She also received her ME degree from the graduate

school of Tokai University in 2008. She was engaged in a study of
readability as a target of Electronic Paper in Tokai University.

Makoto Omodani received his B.S. and M.S. from Tohoku University
in 1978 and 1980, respectively, and his Ph.D. from Tokyo University in
1987. He joined NTT in 1980 working on printing technologies at Yokosuka
Electrical Communication Laboratories. He has moved to Tokai University
in 1997. His current position is a professor of Department of Optical and
Imaging Science & Technology of Tokai University. He is now engaged in
imaging technologies, especially electronic paper technologies

Final Program and Proceedings 161



	155
	46
	219
	245
	18
	119
	57
	137
	100
	103
	63
	104
	101
	165
	116
	69
	127
	159
	199
	130
	86
	140
	150
	151
	226
	246
	223
	167
	222
	175
	185
	186
	85
	71
	109
	75
	58
	93
	61
	99
	124
	205
	98
	247
	200
	237
	134
	162
	80
	201
	102
	89
	178
	147
	146
	215
	111
	183
	115
	154
	74
	113
	114
	177
	253
	11
	33
	22
	24
	38
	40
	8
	9
	19
	14
	15
	92
	195
	156
	67
	70
	181
	221
	68
	94
	231
	83
	95
	96
	53
	133
	112
	225
	148
	62
	168
	230
	170
	66
	189
	232
	172
	214
	257
	54
	169
	174
	160
	126
	55
	52
	143
	84
	157
	120
	184
	163
	117
	78
	135
	136
	192
	252
	3
	28
	23
	20
	34
	43
	27
	47
	48
	64
	121
	76
	141
	216
	224
	211
	188
	190
	202
	82
	118
	244
	212
	105
	227
	196
	97
	243
	158
	65
	123
	206
	166
	138
	125
	152
	72
	209
	51
	110
	161
	204
	194
	233
	144
	128
	228
	234
	235
	255
	250
	249
	42
	17
	7
	39
	44
	16
	2
	21
	254
	25
	12
	37
	31
	50
	73
	106
	198
	229
	164
	56
	142
	176
	87
	187
	179
	180
	90
	81
	197
	239
	182
	242
	193
	203
	60
	122
	59
	88
	79
	107
	207
	149
	139
	171
	210
	236
	258
	240
	256
	241
	36
	30
	26
	10
	29
	32
	5
	6
	35
	4
	41
	45
	49



