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Abstract. In recent years, e-book terminals are spreading rapidly. In the current 
aging society, there is an increasing need for elderly people to use information 
devices such as e-book. The readability of characters on e-book displays is im-
portant especially for elderly people. Few studies have measured subjectively 
the visibility of characters on e-book displays. In this study we examined the re-
lationship between the readability of characters on e-book terminals compared 
with the characters printed on paper. The readability of characters on the dis-
plays of e-books deteriorates remarkably as the characters become smaller, es-
pecially when the user is an elderly person. Thus, makers of mobile text charac-
ters should consider aging so that e-book terminals are readable to all  
age groups. 
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1 Introduction 

E-book terminals are very popular in the world today. Tablet terminals with Liquid 
Cristal Displays (LCDs such as iPad: Apple Inc.) are also used as e-book reader as 
well as e-ink devices. Fairy tale picture books for children, digital textbooks for stu-
dents, and general books for all age groups can be read on e-book terminals. E-book 
terminal are accessible to all ages. However, the readability of characters on such 
books is important for especially children whose visual functions are in the develop-
mental stages and elderly with waning visual capabilities. While many studies stan-
dardized a recommended character size for personal computers as visual display ter-
minal work criteria (VDT), few studies have focused on a subjective measure of the 
readability of characters on e-book displays. Thus, we researched the readability of 
characters on a car navigation display [1] and mobile phone display [2-6]. In this 
study we examined the aging effects [5] and the relationship between readability of 
characters on displays [7] of e-book terminals and compared this with the readability 
characters printed on paper. 
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2 Method 

2.1 Subjects and Measurement 

The number of subjects was 112 (age: 17-89, average ±SD: 44.7±18.4) including 34 
young individuals (17-29, 25.0±5.2), 50 adults in the middle age range (30-59, 
47.3±4.2) and 28 seniors (60-89, 70.3±6.0). The subjects were all Japanese. All sub-
jects read Japanese characters out loud from each terminal while sitting on a chair in a 
comfortable posture. The subjects held terminals or paper on a board with own hands 
(Fig. 1). The study included a measurement of the reading time (RT), viewing dis-
tance (VD) or the distance from eye to display. A Subjective evaluation (SE) was 
employed for each task of readability of the characters using a 7-point scale (3: very 
easy to read, -3: very difficult to read). Subjects who usually wore glasses for reading 
were allowed to use them for the experiment. 

 

Fig. 1. Reading experiment 
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2.2 Presented Characters and Display Devices 

The Display devices used in this experiment were the third generation iPad (iPad3), 
iPad2 and paper. Three sizes of patterns (small, medium, and large) were displayed on 
iPad3 and paper. The iPad2 was used only for the medium size. Japanese characters 
(Fig.2) were used for the experiment in both an iPad (Fig. 1 a, b) and white paper 
(Fig. 1c).Various sentences were displayed with three different font sizes: small, 8 pt, 
(Fig. 2a); medium, 11.5 pt (Fig. 2b); and large, 18 pt (Fig. 2c). The Characters were 
laid out the same with 30 characters per line regardless of the size of the characters. A 
sufficient number of patterns with different contents were prepared as A-G (partly 
shown in Fig. 2). The patterns were displayed in random order so that no subject read 
the same content. The subjects read out loud three vertical lines from the right of each 
device: the iPad2 (only size M), iPad3 (S, M, L) and paper (S, M, L). The iPad2 has a 
9.7 inch liquid crystal display (LCD) with a resolution of 1024 × 768 pixels (132dpi 
approximately). iPad3 LCD has a 9.7 inch display with 2048 × 1536 pixels (264dpi 
approximately). The environmental illuminance was 404.0±9.2 Lx (horizontal), 
98.0±22.2 Lx (vertical) at the reading position. 

 

Fig. 2. Japanese text used for the experiment 
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Fig. 3. Aging effects for each character size on iPad3 
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Fig. 4. Aging effects for each device of iPad2, iPad3 and paper 
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3 Results 

The results of this study are shown in figures 3-5. The reading speed (RS) was calcu-
lated as 90 characters/RT. A significant difference in the average values is shown in 
these figures. 

Figure 3 shows the results of the readability on the iPad3. The aging effects are 
shown significantly in the RS (Fig. 3a). The reading speed deteriorates for older sub-
jects. Though larger characters helped slightly readability for the elderly, reading 
speed remained   slow even with 18pt characters (L). When the character size was 
small, the younger subjects shortened the viewing distance (VD) in order to maintain 
the viewing angle; however, the rate of shortening the VD was less in senior subjects 
(Fig. 3b). Presbyopia might have affected the elderly subjects. In the subjective evalu-
ations (SE), the younger subjects rated the M size (10.5pt) most comfortable to read, 
while the middle aged adults stated the L size was easier (18pt) (Fig. 3c). As the cha-
racter become larger, the ease of readability is stronger for the older subjects. Thus, 
larger size characters appear more suitable for senior individuals. 

Figure 4 shows the results of the case of the reading on paper. The RS and VD 
show the significant effects on the reading by the aging (Fig. 4 a, b). The same ten-
dency was seen in both the iPad3 (Fig.3) and paper (Fig.4), especially with the subjec-
tive evaluation (Fig 3c, 4c), although the iPad3 was slightly more readable than with 
paper.  

A comparison of the iPad2, iPad3 and paper is shown in Figure 5. A medioum (M) 
character size was used in all devices. Significant effects of aging were seen in RS, 
VD and the SE. The VD was shortest with the iPad3 in younger subjects (Fig. 5b), 
while the elderly showed almost same values in the VD with all three reading devices. 
The SE of the younger subjects rated the iPad3 as highest (Fig. 5c). Though the elder-
ly rated the iPad3 higher than reading from paper, the rating was not as high  
compared to younger subjects (Fig. 5c). 

4 Discussion 

For VDT work criteria [8], the International Organization of Standardization (ISO) 
[9] recommends that the minimum alphabetical or numerical character height should 
be 16 minutes of the arc, with preference for character heights of 20 to 22 minutes of 
the arc. In this study, this means the alphanumeric characters were approximately 3 
mm height. Younger subjects in the experiment stated that the M font size of 10.5pt 
(3.7 mm) was more comfortable to read compared to the other sizes. 

The larger sizes might suitable for seniors reading Japanese characters. The view-
ing distance increased with the age of the subjects due to the influence of presbyopia 
[2, 4, 10] so that larger character sizes was expected for the elderly persons. The aged 
may have difficulty in adjusting the viewing distance for reading to become optimal, 
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at least in the adjustable range allowed by arm length (with a mobile terminal in 
hand).  

The environmental illuminance was under 500 Lx in this experiment. In such a 
condition, an iPad is more readable than with paper or e-ink devices according to the 
recent research [11, 12]. The high resolution “Retina Display” (Apple Inc.) was supe-
rior for younger subjects to read the characters comfortably; however, the effect of the 
display resolution, or difference between the iPad3 and iPad2, was not as effective for 
the elderly. The character size displayed on the device might be more important for 
the elderly. 

5 Conclusion 

When characters are small, younger people ensure readability by shortening the view-
ing distance. However, elderly people find it far more difficult to see small characters. 
Small characters on an e-book might not be sufficiently legible for elderly even if 
there is a high resolution. The brightened LCD of an iPad is effective to help with the 
readability for the elderly in a relatively dark room. 

In the current conditions of society, e-book terminals should be usable and harm-
less for people of all age groups with various visual abilities. A universal design that 
considers the visual abilities of older people is desirable. 
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