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Abstract 

This research has highlighted the importance of the prolonged reading of e-book 

displays, and three popular e-book displays including a personal digital assistant (PDA), 

an e-book reader (Reader), and a notebook computer (NB) were evaluated in ergonomic 

perspective. Twenty-two university students (11 males and 11 females) participated in 

the formal experiment. They performed three 100-min reading trials with a different 

display for each trial. Visual fatigue, reading performance, and subjective satisfaction 

were collected at the end of each trial. The results are as follows: first, visual fatigue 

was significantly greater when subjects read from the PDA compared with the other two 

displays. Second, reading speed and accuracy rate were not significantly different 

among the three displays. Third, female subjects tended to have better reading 

performance than male subjects did. Finally, the subjects preferred the NB to the other 

two displays, because the NB had the highest satisfaction ratings in text legibility, 

luminance contrast, and screen size. Furthermore, some recommendations were 

provided to select or design an adequate e-book display for prolonged reading. 

Relevance to industry 

With the increase in e-books publications, various e-book displays and their sales 

have continuously grown in recent years. For designing a good e-book display, it is 

necessary to understand what factors would affect user performances, visual fatigue, and 

satisfaction. Moreover, the significant effect of character size and screen size on visual 

fatigue and satisfaction may assist in improving e-book display related consumer 

products. 

 

Keywords: E-book; Reading performance; Visual fatigue; Evaluation; Satisfaction 
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1. Introduction 

 

An electronic-book (e-book) nowadays can be generally considered as an electronic 

version of a book. E-books are downloadable not only to computers but also to PDAs 

(personal digital assistants), smart cell phones, and even handheld global positioning 

systems (Weisburg and Toor, 2005). As compared with traditional books, e-books have 

many innovative advantages, e.g. less storage room, lower cost of publication, greater 

profits for writers (Stevenson, 2004), easier access for customers, and quicker search. 

More and more e-books have been published online owing to the popularity of 

computer network and the requirement of mobile reading. With the increase in the 

number of e-books publication, various e-book displays and their sales have 

continuously grown in recent years (Peek, 2005). In a 2,564 users investigation 

conducted by Woo (2005), the results showed that 71.8% of respondents preferred 

printed books to e-books. This may be due to conventional reading habits or inadequate 

design of e-book displays. For e-books to be widely accepted and used effectively, 

e-book displays need to be well designed. Therefore, how to design an adequate e-book 

display for the needs and capabilities of the people is an important issue for product 

design. Besides, the question of which kind of the e-book display nowadays is more 

suitable for certain reading task may be a major problem for the users. This study was 

tried to resolve these problems mentioned above. 

For providing the suitability of different display to the users, numerous evaluations 

have been conducted in prior research. Early in 1980s, some researchers had found that 

reading speed on the cathode-ray tube (CRT) displays was about 20%-30% slower than 

on a paper version of the same material (Gould and Grischkowsky, 1984; Gould, et al. 
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1987). They concluded that some combination of variables such as experience of using 

CRT displays, character size, font type, and polarity might explain the differences. 

Wilkinson and Robinshaw (1987) also suggested that using a video display terminal 

(VDT) for proofreading tasks will lead to greater fatigue and lower performance. 

Besides, it was indicated that the noticeable flicker (Ostberg, 1989) and the screen 

resolution (Harpster, et al. 1989) could affect recognition or search performance while 

using VDTs. All of the studies mentioned above were performed using CRT displays. 

Some results of these studies may not be generalizable to the thin film transistor liquid 

crystal display (TFT-LCD) because the TFT-LCD and CRT have different optical 

characteristics. 

Lessin (1992) indicated that the TFT-LCD was equivalent or superior to the CRT in 

many areas, such as cell brightness, viewability, color gamut, response time, weight, and 

power consumption. It was also shown that better visual identification performance and 

greater preference were obtained for the TFT-LCD than for the CRT (Shieh and Lin, 

2000). This result evidenced the suggestion of Sanders and McCormick (1993) － 

reading from newer, higher-resolution VDTs should be as easy as reading from 

hardcopies. Mayes, et al (2001) conducted two experiments and revealed that people 

can, in fact, read information from a VDT as quickly as people can read the same 

information from a piece of paper. Therefore, it may not be necessary nowadays for 

arguing which medium would have better performance between e-books and paper 

books; it is more important to know how to choose an adequate display for reading 

e-books and how to design a proper text layout on the screen page. 

However, all of the previous studies focused on the performance and user preference 

evaluations of using desktop computers with 12-in to 17-in monitors, but similar 
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evaluations of portable e-book displays are relatively few. The popular portable e-book 

displays in Taiwan could be considered as a notebook computer (NB), an e-book reader 

(Reader), and a PDA (Ho and Chang, 2005). Because portable e-book displays have a 

completely different screen size and mechanism, the reading performance and 

subjective satisfaction for using e-book displays may not be the same as for using 

desktop computers. 

Chan et al. (2004) pointed out the participants took significantly more time (12 sec) 

for reading 400 Chinese characters on the 3.8-in PDA than on the 17-in desktop 

computer. Contrarily, Ho and Chang (2005) studied 30 university students reading 200 

Chinese characters on the 3.5-in PDA, 6.5-in Reader, and 14.1-in NB. Their results 

showed that no significant differences in time to completion among the three tested 

displays. One reason for the inconsistent results obtained by these researchers may be 

that the used character size and screen size differed between these two studies. The 

other reason may be that the text used by Ho and Chang (2005) was too short (200 

characters) to have significant difference in time to completion among the three tested 

displays. Actually, people who are engaged in tasks such as lengthy novels, theses, 

patents, technical reports, etc. usually have great motivation and aspiration to continue 

reading for a long period over one or two hours. The reason is that frequent rest breaks 

may disrupt a train of thought with high cognitive demand. According to Nishiyama’s 

study (1990), visual fatigue was observed in the VDT tasks, especially the tasks lasting 

for 90 min. From this review, the results obtained from short reading tasks (200-400 

characters) may not be applied in prolonged reading tasks (over 10,000 characters). 

For satisfying the requirement of prolonged e-book reading, it is very important to 

design e-book displays free of causing visual fatigue for a long period over 90 min. 
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Consequently, there is also a need to empirically evaluate visual fatigue and user 

satisfaction for prolonged usage of potable e-book displays. This study conducted an 

experiment to evaluate three popular e-book displays, i.e. NB, PDA, and Reader for 

prolonged reading. The main purpose of this experiment was to understand the 

differences in reading performance, visual fatigue, and subjective satisfaction among the 

three tested displays while reading a general novel for 100 min. Hopefully, some critical 

considerations for designing or selecting a good e-book display could be provided based 

on the findings of this study. 

 

2. Methods 

 

2.1. Subjects 

 

Thirty university students were recruited for the experiment. Eight subjects (four 

males and four females) participated in the pilot study, and the other 22 (11 males and 

11 females) attended the formal experiment. The mean age and body height of the 22 

formal subjects were 22.3 (±1.8) years and 166.7 (±5.8) cm. The mean self-reported 

reading time every day for the male subjects was 47.3 (±33.5) min, and that of the 

female subjects was 57.7 (±22.8) min. All subjects had normal (20/20) or corrected to 

normal visual acuity and normal color vision. The visual acuity of each subject was 

tested by the Snellen visual acuity chart (Hendee and Wells, 1997). None of the subjects 

had color blindness or speed-reading training. All of the subjects had no experience of 

using any portable e-book displays, and they never read the tested novel before. They all 

had some previous experience using desktop computers. The aim of this study was 
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explained in detail to all of the subjects prior to performing the experimental trials. 

 

2.2. Apparatus and materials 

 

Figs. 1-3 show aspects of the studied PDA, Reader and NB with the Chinese novel 

displayed on their screens, respectively. A handy flicker was used to measure CFF 

values in the subjects. The CFF, also called flicker fusion threshold, is the transition 

point of an intermittent light source where the flickering light ceases and appears as a 

continuous light. Because of high sensitivity and convenience, the reduction in CFF was 

frequently used to reflect the level of visual fatigue in VDT work (Iwasaki, et al., 1989; 

Kroemer and Grandjean, 1997). Iwasaki and Akiya (1991) have confirmed that the 

decrease in CFF reflects a decline in the activity of the retina or the optic nerve. The 

specifications of the above-mentioned apparatuses and materials are addressed in the 

following sections. 

 

2.2.1. Personal digital assistant (PDA) 

 

The tested PDA had a 3.5-in diagonal TFT-LCD screen that provided an active 

viewing area of 53.5 mm horizontally and 71.0 mm vertically. The pixel resolution was 

240 horizontally and 320 vertically, and the center-to-center pixel spacing was 0.2223 

mm. Its size was 80(wide) ×130(high) ×15(thickness) mm, and it weighed 250 g. The 

texts on the PDA screen could be controlled by either the scrolling bar or the Up/Down 

buttons. The scrolling bar was handled through a stylus pen. The preset text/background 

color combination of the PDA was black-on-bluish white. The maximum luminance 
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contrast ratio (Lbackground/Ltext) was 67.7, which was measured by a Minolta Color 

Analyzer CA-210 (Japan). In each reading trial, the PDA was controlled in constant 

luminance contrast ratio of 67.7. 

 

2.2.2. E-book reader (Reader) 

 

The evaluated Reader had a 6.5-in diagonal, monochrome, static SSCT (Surface 

Stablized Cholesteric Texture)-LCD screen that provided an active viewing area of 97.0 

mm horizontally and 129.0 mm vertically. The pixel resolution was 480 horizontally 

and 640 vertically, and the center-to-center pixel spacing was 0.2064 mm. The 

dimensions of this reader were 135(wide) ×180(high) ×17(thickness) mm, and it 

weighed 290 g. The main advantage of the SSCT-LCD is no glimmer and no radiation 

(Lee, et al., 2003), which intrinsically differs from the TFT-LCD. The vendor of this 

reader claims that the SSCT-LCD would cause less visual fatigue from prolonged 

reading compared to the TFT-LCD. The contents on its screen could easily be controlled 

by pushing the previous and next paging buttons. The paging control was quite similar 

to turning a whole page of a conventional book. The reader only had monochrome for 

displaying text. The color of background was greenish blue rather than white. The 

measured maximum luminance contrast ratio (Lbackground/Ltext) was 1.2, which was 

steady and could not be adjusted. 

 

2.2.3 Notebook computer (NB) 

 

The studied NB had a 14.1-in diagonal TFT-LCD screen that provided an active 
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viewing area of 285.5 mm horizontally and 214.0 mm vertically. The pixel resolution 

was 1024 horizontally and 768 vertically, and the center-to-center pixel spacing was 

0.2798 mm. Its size was 298.5(wide) ×236(high) ×30(thickness) mm with a weight of 

2.2 kg. Either the scrolling bar or the PageUp/PageDown buttons could control the texts 

on the screen of the NB. The scrolling bar was handled through a computer mouse. The 

preset text/background color combination of the NB was black-on-white. The measured 

maximum luminance contrast ratio (Lbackground/Ltext) was 192.8, which was fixed in each 

reading trial. 

 

2.2.4. Handy flicker 

 

The Handy Flicker HF (Neitz Instruments, Japan) is a portable CFF meter. The 

adjustable flicker frequency ranges from 1 to 79Hz with accuracy of 0.01%. Frequency 

can be changed either upward or downward by pushing buttons. It can be changed in 

1Hz increments or changed continuously. There are three colors (red, green, yellow) of 

LED lights with the same luminosity on the display panel. The green light was adopted 

to measure the CFF values of the subjects in this study. The distance between the 

display panel and the eyes was controlled to be 45 cm for each CFF measurement. This 

was based on the effect of distance from eyes being significant on the measured CFF 

value (Hosokawa, et al., 1997). 

 

2.2.5. Reading materials and text settings 

 

The reading materials were selected from famous Chinese Kung-Fu novels. An 
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extensive novel with about 100,000 Chinese characters was adopted and divided into 

three reading units. Since the average reading speed of 180 ± 34 characters per minute 

(cpm) was obtained in the pilot study, each reading unit contained about 33,000 

characters. This was considered sufficient content to be read for 100 minutes. Each 

reading unit file was created and edited by a Microsoft Word program set at the 

horizontal format. The text was set originally to be the True type of font (or called 

computer type). This was based on the finding that the True type had markedly higher 

identification performance in VDT tasks compared to Standard Kai type (Shieh, et al., 

1997). The text layout was controlled to be identical on the three tested displays, i.e. 15 

lines per screen page with 15 characters per line. The shape of each Chinese character 

was nearly square. The presented texts on the three different tested displays were 

manipulated to be as similar a format as possible. 

The character size was set depending on the preset value of each display itself. The 

preset character size of the PDA was 10 point and its actual size was 2.22 × 2.22 mm. 

The preset character size of the Reader was 4.75 × 4.75 mm. Since the NB did not have 

specific preset character size, we adjusted its character size to be the same as that of the 

Reader. In order to simulate realistic reading situations, we allowed the subjects to 

adjust their viewing distances from the screens during the reading trials. Therefore, each 

subject could keep his/her constant preferred visual angle across the three displays. In 

other words, the subjects could reduce their viewing distance while reading from the 

PDA due to the smaller character size of the PDA. 

 

2.3. Experimental design 
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This experiment was a two-factor (3 × 2) completely randomized design. The factors 

were the e-book display and gender. The displays evaluated in the experiment included 

the PDA, Reader, and NB. The genders were male and female. Each subject had to 

separately perform three experimental trials with three tested e-book displays. To avoid 

possible biases resulting from the visual fatigue of the last trial, the reading trials for 

each subject were scheduled once a day for a period of 100 minutes. One of the 

prepared reading units was randomly assigned to each trial, and each subject was 

required to read the novel out loud word by word from the tested display during the trial. 

The workplace factors (such as table and chair) and environmental factors (such as 

room illumination and glare) were the same for all the trials. The ambient illumination 

was controlled to be 450 lx during the experiment because subjects performed better 

under ambient illumination of 450 lx than under lower illumination (200 lx), 

particularly for the TFT-LCD screen (Shieh and Lin, 2000). The dependent variables 

included visual fatigue, reading performance, and satisfaction. They are addressed in 

detail in the following: 

 

2.3.1. Visual fatigue 

 

Each reading trial performed a CFF measurement twice; one was executed before the 

trial and the other was completed after the trial. The measurement of CFF taken before 

the reading was subtracted from that taken after the reading. The difference in CFF was 

analyzed to determine the effects of display and gender on visual fatigue. Two values 

were collected for each CFF measurement; one was obtained when the flicker frequency 

changed upward (from 1 to 79Hz) and the other was gathered when the frequency 
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changed downward (from 79 to 1Hz). These two values were averaged to be the result 

of one measurement. 

 

2.3.2. Reading performance 

 

The reading speed and accuracy rate were collected as the overall performance results 

of the experiment. Since the subject was asked to read out the novel during each trial, 

the experimenter could check and record the wrong words read by the subject. A tape 

recorder was also used to record the reading sound of the subject for subsequent double 

checking. Finally, the experimenter could count the total reading words and wrong 

words following the trial. Reading speed was defined as the average characters read per 

minute during the 100-min trial. The accuracy rate was calculated by ‘(total reading 

words - wrong words recorded) / total reading words’. 

 

2.3.3. Satisfaction 

 

Subjects were asked to rate the satisfaction of the tested e-book display along eight 

dimensions: text legibility, luminance contrast, character size, ease of use, screen size, 

background color, portability, and aesthetics. Each dimension had a five-point Likert 

scale, with 1, 2, 3, 4, and 5 representing “very unsatisfactory”, “not satisfactory”, 

“acceptable”, “satisfactory”, and “very satisfactory”, respectively. When the rating score 

was greater, the satisfaction level of that dimension was better. 

 

2.4. Experimental procedure 
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In the preliminary phase of the experiment, the reading task and the questionnaire 

were explained to the subjects. To familiarize subjects with the operation of the tested 

e-book displays, they performed the exercise reading for 10 min each using the three 

different displays. Before each trial, the CFF value of the subject was measured first. 

The subject was then asked to read out the novel as clearly as he/she could during the 

100-min trial. In order to simulate general reading behaviors, the subjects were allowed 

to take their preferred sitting postures and to turn the screen-page forwards during the 

reading trials. But, all of the subjects were not allowed to adjust the original settings of 

polarity, character size, font type, luminance contrast ratio, and text/background colors 

during the trials. At the same time, a tape recorder recorded all the reading of the subject. 

An experimenter also recorded the wrong words read by the subject and the total words 

read during the trial. In order to roughly understand the differences in sitting posture 

and viewing distance among using the three displays, a digital camera was used to take 

a picture on the side view of the subject every 30 min during each trial. After 100 min of 

reading, the CFF value of the subject was immediately measured again. Finally, the 

subject was required to fill out the questionnaire to rate the satisfaction level of the 

tested display. 

 

3. Results  

 

Table 1 shows the descriptive statistics (average ± standard deviation) of each 

dependent variable for the male and female subjects after using the PDA, Reader, and 

NB. The ANOVAs (analyses of variances) results were summarized in Table 2. The 
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display had a statistically significant effect (p < 0.05) on the difference in CFF, the 

satisfaction ratings in text legibility, luminance contrast, character size, screen size, 

portability, and aesthetics. The gender effect was only significant for reading speed and 

accuracy rate. The interaction effect between display and gender did not significantly 

affect any of the dependent variables. 

 

3.1. Difference in CFF between pre- and post-reading 

 

The display effect was significant on the difference in CFF (Table 2). Post hoc 

comparisons were carried out using the Duncan method to find if there was any 

difference in change of CFF between each pair of the three displays. Analysis indicated 

that the PDA had a significantly (p < 0.05) greater difference in CFF (-1.4 Hz) than 

those of the NB (-0.4 Hz) and the Reader (0.2 Hz), as shown in Fig.4. This meant that 

only the PDA led to obvious visual fatigue after the subjects had read for 100 min. The 

gender effect and the interaction effect between display and gender were not significant 

in terms of visual fatigue. 

 

3.2. Reading speed and accuracy rate during the trial 

 

The experimental data show that the reading performance measures were not 

significantly affected by display effect (Table 2). However, the female subjects tended 

to have significantly higher average performance measures (185.6 cpm of the reading 

speed; 99.5% of the accuracy rate) than the male subjects did (165.1 cpm of the reading 

speed; 99.0% of the accuracy rate), as shown in Fig.5. 

吳欣潔
印章



15 

 

3.3. Subjective ratings of satisfaction 

 

ANOVA results show that the display had a significant effect on the satisfaction ratings 

in regard to text legibility, luminance contrast, character size, screen size, portability, 

and aesthetics. The satisfaction ratings as to both of the ease of use and background 

color for the three displays were similar. This may be due to that all of the operation 

methods were very easy and the background colors were similar between these displays. 

Post hoc comparisons were then performed by the Duncan method for six dimensions of 

the satisfaction ratings, and an analysis of the results were illustrated in Fig. 6. The 

analyzed results revealed that the NB had significantly better satisfaction ratings in 

terms of both text legibility and luminance contrast compared with the PDA and Reader. 

For both character size and screen size, the PDA had a significantly worse rating than 

the other two displays. When it came to the portability, the PDA had a significantly 

better rating than that of the NB, but no significant difference was found between the 

PDA and Reader. For the aesthetics rating, the PDA had significantly superior 

satisfaction to both the Reader and NB. 

 

4. Discussion 

 

The results were compared with those of previous related studies. Some important 

findings and recommendations for e-book display users and designers are described in 

the following sections. 
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4.1. Visual fatigue after prolonged reading 

 

Chan et al. (2004) indicated that the change of CFF value after reading 400 Chinese 

characters on the 3.8-in PDA was similar to that on the 17-in computer, although the 

screen and character sizes of the PDA were markedly smaller than those of the computer. 

However, our results showed that reading from the 3.5-in PDA led to a significantly 

greater decrease in CFF value (-1.4 Hz) as compared with both the 6.5-in Reader (0.2 

Hz) and 14.1-in NB (-0.4 Hz). This inconsistency can be explained by the fact that the 

reading task of our study was prolonged (100 min), but that of Chan et al.’s study (2004) 

was quite short (about four min). 

It should be noted that the subjects tended to voluntarily reduce the viewing distance 

while reading from the PDA, as observed from the pictures taken in the experimental 

trials. The shorter viewing distance has been proven to cause more visual strain than a 

longer viewing distance does (Shieh and Chen, 1997; Shieh, 2000). Therefore, we 

proposed that an e-book display with a too small screen (3.5 in) and character size (2.22 

× 2.22 mm) would lead to the user voluntarily reducing the viewing distance causing 

marked visual fatigue after 100 min of reading. 

Of the three tested displays, the least change in CFF was observed (0.2 Hz) after 

reading from the Reader, but it was not significantly different from that of the NB (-0.4 

Hz). Although the screen materials of the Reader (SSCT-LCD) and NB (TFT-LCD) 

were fundamentally different, both of them did not cause obvious visual fatigue after 

100 minutes of reading. The current experimental results therefore did not prove that the 

SSCT-LCD screen is superior to the TFT-LCD screen. 
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4.2. Reading performance 

 

The display effect did not seem to impact the reading speed and accuracy rate, 

although the three displays had clearly varying screen sizes, character sizes, and contrast 

ratios. This result was not consistent with the findings of Kingery and Furuta (1997) and 

Lin (2003). On one hand, Kingery and Furuta (1997) claimed that the monitor with a 

larger screen and character had significantly better skimming performance than that of 

the smaller screen and character. On the other hand, Lin (2003) indicated that superior 

visual identification performance was obtained from a higher contrast ratio screen than 

from a lower contrast ratio one. These inconsistencies can be explained by the fact that 

the viewing distance and sitting posture were not fixed in this study, but the previous 

two studies mentioned above adopted constant viewing distances and sitting postures 

for all of the experimental conditions. As observed in this study, the subjects changed 

their postures to voluntarily reduce the viewing distance to read from the PDA that had 

a smaller character size and lower contrast ratio as compared with those of the NB. This 

meant that the subjects were able to maintain the same level of reading performance by 

devoting more resources to the inferior displays. At the same time, a significant 

deterioration in mean CFF value was also observed 100 min after reading from the PDA. 

These findings propose that if people are not limited to a fixed viewing distance and 

posture, they will accommodate themselves to smaller character size and lower contrast 

ratio in order to maintain a normal level of reading performance. Consequently, they 

will tire more rapidly. 

The results in this study indicated that the female subjects had a significantly higher 

reading speed and accuracy rate than the male subjects (Fig. 5). This may be due to that 
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the female subjects were used to a longer reading time every day (57.7 min) than the 

male subjects (47.3 min). It is suggested that the reading habit would markedly affect 

the reading speed and accuracy rate while reading an e-book. This result was consistent 

with the findings of Chan et al. (2004) that indicated people with a habit of reading had 

significantly better reading performance than those who did not have a habit of reading. 

 

4.3. Satisfaction ratings among the three e-book displays 

 

Text legibility on the VDTs was proven to be associated with font type, character size, 

luminance contrast, and resolution of the screen (Sanders and McCormick, 1993). The 

satisfaction rating in text legibility for the PDA was significantly worse than that for the 

NB, although the screen resolution of the PDA (0.2223 mm of the center-to-center pixel 

spacing) was superior to that of the NB (0.2798 mm). Two explanations for the 

above-mentioned result are offered. Firstly, the preset character size of the PDA (2.22 × 

2.22 mm) was obviously less than that of the NB (4.75 × 4.75 mm), and consequently, 

the pixel number per character of the PDA (10 × 10 pixels) was less than that of the NB 

(17 × 17 pixels). Secondly, the PDA had a lower luminance contrast ratio (67.7) than 

that of the NB (192.8). Undoubtedly, the relatively lower pixel numbers per character 

and lower luminance contrast ratio would result in worse text legibility. 

Besides, the Reader also had a significantly lower satisfaction rating in text legibility 

than the NB, although the screen resolution (0.2064 mm of the center-to-center pixel 

spacing) of the Reader was comparable to that of the NB (0.2798 mm). This is owing to 

the fact that the Reader had a marked lower luminance contrast ratio (1.2) compared 

with that of the NB (192.8). Besides, the background color of the Reader was greenish 
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blue, which was a little darker than that of the NB (white background). The luminance 

contrast ratio and color combination were proven to be important factors that could 

significantly affect subjective preference and text legibility (Pastoor, 1990). 

For the satisfaction rating in luminance contrast, the NB had a significantly greater 

rating score than those of the PDA and Reader. This result revealed that the subjects 

preferred a display with a higher luminance contrast ratio (about 193) to that with a 

lower ratio (below 68). When it came to the portability, the NB undoubtedly had the 

lowest rating score for all of the tested displays. This is due to the used NB being 

significantly heavier (2.2 kg) than those of the other two displays (less than 300 g). 

The PDA had the worst satisfaction ratings for the character size and screen size (Fig. 

6). This result is attributed to the fact that the PDA had the smallest screen size and 

character size when compared with those of the Reader and NB. Consequently, this 

result suggests that people do not like to read a prolonged article from a small screen 

PDA with the Chinese character size of 2.22 × 2.22 mm. These findings are similar to 

those indicated by Chan et al. (2004). On the contrary, the PDA had a significantly 

greater rating score in aesthetics as compared to the other displays. This could be 

attributed to that the used PDA had a handy and fashionable form being coated with the 

bright silvery white color (Fig. 1), which might be considered a high-tech and favorable 

product for the young adults. 

 

4.4. Recommendations for users 

 

One of the important findings of the current study is that the PDA with its preset 

10-point character size (2.22 × 2.22 mm) led to obvious visual fatigue after 100 min of 

吳欣潔
印章



20 

reading. Since the screen luminance of the tested PDA cannot be adjusted, the only way 

to improve its text legibility is to enlarge the character size. However, as the character 

size increases, the number of characters decreases in a given short length (about 50 mm). 

Taking the used PDA as an example, when the character size is enlarged to be 4.75 × 

4.75 mm, the number of characters per line will decrease from 15 to 10 characters per 

line. The less character numbers per line was proven to result in significantly slower 

reading speed (Hwang et al., 1988). Therefore, a small size of screen (3.5 in) is a critical 

limitation in applying the PDA to prolonged reading tasks. In other words, the PDA can 

be solely applied to short visual tasks such as taking a note or reading a short article 

with about 400 Chinese characters. 

The visual fatigue measurement results suggest that people can continuously read 

from an e-book reader or a notebook computer for 100 min without increasing visual 

fatigue if the used display has a proper LCD screen (at least 6.5 inch diagonal size) with 

the character size of 4.75 × 4.75 mm. Since the performance measures were also not 

significantly different between the Reader and NB, the user was thus recommended to 

select a display from them depending on his/her preference and the purpose of usage. 

Based on the satisfaction rating results, the Reader was inferior to the NB in the ratings 

of text legibility and luminance contrast, but the ratings in the other five dimensions 

were not significantly different between the Reader and NB. These data concluded that 

the NB was the first choice for reading an e-book indoors, and the Reader was the 

second choice. Because of the heavier weight and greater energy consumption of the 

NB, it is not convenient to take the NB outside and read from it without a table. For 

reading an e-book outdoors, the Reader was thus recommended to be the first choice. 
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4.5. Recommendations for designers 

 

The satisfaction rating results indicated that the subjects preferred an e-book display 

with better text legibility, higher luminance contrast ratio, larger characters, bigger 

screen, lighter weight, and ease of use. There are two contradictory factors affecting 

user satisfaction− screen size and portability. As the screen size increases in a given 

LCD material, the weight of the display increases and the portability decreases. These 

two user requirements for e-book displays may require mutual concessions. However, 

all of the factors mentioned above should be taken into consideration when designing an 

e-book display. 

Based on all of the evaluation results in this study, it is clear that the tested NB was 

the best display for reading an e-book indoors. The NB had the greatest satisfaction 

rating in text legibility, luminance contrast, character size, ease of use, and screen size 

for all of the tested displays. Only the portability of the NB was obviously inferior to 

those of the other displays. This is due to the used NB being significantly heavier (2.2 

kg) than those of the other two displays (less than 300 g). If the weight of the NB can be 

reduced a lot, it will be an ideal display for reading prolonged e-books outdoors. 

It is interesting that no significant visual fatigue was found 100 min after reading 

from the Reader, even though the text legibility and luminance contrast of the Reader 

did not satisfy the subjects. This result might suggest that when the character size was 

large enough (about 4.75 × 4.75 mm) to be identified, inferior text legibility and lower 

contrast ratio would have little effect on visual fatigue. However, further research is 

required to confirm this theory. 
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5. Conclusions 

 

This study used an ergonomic perspective to evaluate different e-book displays in 

terms of visual fatigue, reading performance, and satisfaction. Notably, although the 

PDA had the advantages of being handy and multifunctional, greater visual fatigue 

resulted from its smaller screen size (3.5 in) and preset size of character (2.22 × 2.22 

mm). This finding suggests that a small size of screen is a key limitation in applying the 

PDA to prolonged reading tasks. This study found that the subjects could continuously 

read from the Reader or the NB for 100 min without increasing visual fatigue as the 

character size was set to be 4.75 × 4.75 mm and the characters on each screen page were 

arranged in 15 lines, with 15 characters per line. Based on the consideration of usage 

purposes, we suggested that a notebook computer and an e-book reader was the first 

choice for reading a prolonged e-book indoors and outdoors, respectively. For the 

performance measures, there were no significant differences in reading speed and 

accuracy rate among the three tested displays. This meant that the subjects were able to 

maintain the same level of reading performance by devoting more resources (e.g. 

reducing viewing distance) to the inferior displays and then they tired more rapidly. The 

e-book display designers are therefore recommended to create a display free of causing 

visual fatigue by setting sufficient large character size and luminance contrast ratio. 

Besides, the satisfaction evaluation results of this study can provide useful information 

for designing an e-book display to be favored by the users. 

This study tried to make the tested Chinese text attributes, workplace factors, and 

environmental factors as similar as possible for all conditions. But, it is still hard to 

avoid some variables being confounded because of the fundamental differences among 
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the three tested displays, such as the screen size, resolution, and luminance contrast ratio. 

In order to fully understand the effect of single variable on performance or fatigue, some 

sequential researches should be conducted to manipulate each variable in the identical 

display. Since the current empirical data were obtained from healthy young adults, these 

results may not be applied to design an adequate e-book display for the children or older 

adults. Further studies are necessary to investigate whether these findings should be 

adjusted according to different age groups.  
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