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Abstract. Using a multi-touch display on an iPod touch mobile multimedia 
player, an evaluation experiment was conducted to determine the most legible 
size for characters displayed on screens of mobile terminals. Subjects enlarged 
the characters by pinch-out (pinch opening) and/or reduced them by pinch-in 
(pinch closing) on a multi-touch display with more than one finger, and 
adjusted to the sizes of alphanumeric or Japanese characters to be the most 
legible. The characters were displayed positively (black characters on a white 
background) or negatively (white characters on a black background) using 
graphic text on the iPod touch. The adjusted sizes of characters and viewing 
distances were measured and visual angles were calculated. The influence of 
the positive or negative image display mode and the age of subjects on these 
legibility parameters is described.  
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1   Introduction 

Mobile information terminals are very popular in the world today. The use of text 
email and Web browsing on mobile phones is spreading. Mobile phones with 
embedded media players, such as the iPhone (Apple Inc.), and portable media players 
such as the iPod touch are also widespread. Opportunities to read characters on small 
screens of mobile terminals are increasing. Legibility and readability of characters on 
mobile terminal screens should be investigated and the appropriate sizes of characters 
should be estimated. Readability of characters on mobile phones has been studied 
using several patterns of character size displayed on the screen [1-6]. Most of these 
studies were conducted with voice reading experiments [1-5]. Recently we conducted 
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an experiment in which target characters were searched from meaningless text [6]. 
However, Tamura [7] pointed out that this method might not indicate real reading 
performance of users. 

In this study we evaluated the legibility of characters on the liquid crystal displays 
of mobile terminals, using the multi-touch screen on iPod touch, with which users can 
enlarge the characters displayed on the screen by pinch-out (pinch opening) and 
reduce them by pinch-in (pinch closing) with their fingers to adjust them to the most 
legible sizes (Fig. 1).  

 

 

     (a) top menu               (b) enlargement by pinch-out    (c) reduction by pinch-in 

Fig. 1. Multi-touch screen on iPod touch 

2   Method  

The iPod touch with multi-touch screen (480×320 pixels, 3.5 inch, 163 ppi) was used 
to display graphic text in PNG format. Four types of graphic texts were prepared as 
shown in Fig. 2. Alphanumeric characters were randomly ordered without meaning 
(Fig. 2 a, b) following the method of ISO 9241-3 Amendment 1 [8], with slight 
modification for the small screens of mobile terminals. ISO [8] shows a method to 
evaluate the quality of flat panel displays, but we used the meaningless alphanumeric 
character strings only for the purpose of investigating the sizes of characters displayed 
on mobile terminals that are legible. The Japanese characters (Fig. 2 c, d) formed 
sentences with meaning. Both were prepared in positive (Fig. 2 a, c) and negative 
(Fig. 2 b, d) images. Subjects enlarged the graphic text by pinch-out (pinch opening) 
(Fig. 1 b) and/or reduced them by pinch-in (pinch closing) (Fig. 1. c) with their 
fingers to adjust the character sizes to be the most legible. 

Two experiments were conducted in this study. All character images shown in 
Fig. 2 (a-d), including negative displays, were used in experiment 1 for young 
subjects of 19-23 (21.2±1.0) years old (n=30). Only positive images (Fig. 2 a, c) 
were used in experiment 2 with variously aged subjects of 19-76 (49.0±18.3) years 
(n=64). All subjects in both experiments were Japanese. Subjects who normally wore  
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(a) Alphanumeric, Positive          (b) Alphanumeric, Negative 

 
 
 
 
 
 
 
 
 
 

 
     (c) Japanese, Positive                   (d) Japanese, Negative 

Fig. 2. Graphic text. (a), (b), (c) and (d) were used in experiment 1. (a) and (c) were used in 
experiment 2. Red or cyan color squares were used to measure character height. 

glasses when reading the newspaper participated in the experiment wearing glasses  
as usual. Subjects sitting on a chair adjusted the character size to be easy to read in a 
comfortable posture. Character heights and viewing distances were measured and 
recorded for each adjusted character image on the screen. 

3   Results 

Visual angles were calculated from measured character heights and viewing distances. 
The results of experiment 1 (positive vs. negative) are shown in Fig. 3 (alphanumeric) 
and Fig. 4 (Japanese). Experiment 2 results are shown in Fig. 5 (age dependency), 
Fig. 6 (age groups. alphanumeric) and Fig. 7 (Japanese), respectively. Sixty-four 
subjects in experiment 2 were grouped into 19 young (age: 19-39, 26.6±5.9), 22 
middle-aged (40-59, 46.9±6.1) and 23 elderly (60-76, 69.5±4.3) subjects in Fig. 6 and 
Fig. 7. Significant differences of the averaged values are shown in these Figures with 
the p-values. 
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Positive Negative

Positive Negative

Positive Negative

(a) Viewing distance (Alphanumeric)  

p=0.0447

(b) Character height (Alphanumeric)   

(c) Visual angle (Alphanumeric)          

Positive Negative

Positive Negative

Positive Negative

 (a) Viewing distance (Japanese) 

 (b) Character height (Japanese) 

    (c) Visual angle (Japanese)  

Fig. 3. Positive vs. negative (alphanumeric) Fig. 4. Positive vs. negative (Japanese)   
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(a) Viewing distance 

(b) Character height 

(c) Visual angle  

Fig. 5. Age distribution of legibility 
 



400 S. Hasegawa et al. 

(a) Viewing distance (Alphanumeric)       

(b) Character height (Alphanumeric)        

(c) Visual angle (Alphanumeric)             

(a) Viewing distance (Japanese) 

p = 0.0147 

p = 0.0483 

(b) Character height (Japanese) 

  (c) Visual angle (Japanese)  

Fig. 6. Age group effects (alphanumeric) Fig. 7. Age group effects (Japanese) 
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Character height and visual angles were larger with positive images than with 
negative ones (Fig. 3, Fig. 4); the difference was especially significant in the height of 
alphanumeric characters (Fig. 3 b). Visual distance and legible character height 
tended to be larger as the age of subjects increased (Fig. 5, Fig. 6 and Fig. 7). 
Significant differences were seen in the height of the Japanese characters (Fig. 7 b). 

4   Discussion  

As VDT work criteria [8], the ISO 9241-3 [9] recommends that the minimum 
alphabetical or numerical character height should be 16 minutes of the arc, with 
character heights of 20 to 22 minutes of the arc preferred. In this study young subjects 
in experiment 1 indicated the most legible sizes to be 35.3±19.8 minutes (3.1±1.3 
mm) in alphanumeric character height, and 29.5±12.1 minutes (2.9±1.0 mm) in 
Japanese character height in the positive display. Subjective estimation of the most 
legible character size shown in the results of this experiment might be larger than the 
recommended size or the size needed for legibility. Negative images showed lower 
legibility than positive images in experiment 1. Positive displays are expected to be 
legible for young persons with normal eyesight. Since the experimental conditions are 
not equal, results of experiments 1 and 2 cannot be compared easily. The decrease in 
legibility with age was shown in the results of experiment 2. The elderly may have 
various visual conditions and need greater viewing distances than younger persons. 
Viewing distance increased with the age of the subjects due to the influences of 
presbyopia [2,4,10]. Larger character size is expected to be needed by elderly persons. 
The aged may have difficulty in adjusting the viewing distance to become optimal, at 
least in the range of adjustment allowed by the length of their arm with a mobile 
terminals in their hand. 

The influence of contrast (positive or negative) and age on legibility can be shown 
with this method by the character sizes adjusted by subjects. It is notable that the 
legibility of characters on mobile terminal screens has been quantified with the use of 
subjectively adjusted legible character sizes, and the influences of display contrast 
and user's age clearly indicated. 

5   Conclusion 

When characters are small, younger people ensure readability by shortening the 
viewing distance. However, elderly people find it far more difficult to see small 
characters. Legibility also deteriorates in negative display modes. Adjusted sizes 
might not be sufficiently legible for some elderly.  

In the current ubiquitous society, mobile terminals should be usable and harmless 
for workers, students and people of all age groups with various visual conditions. 
Universal design that considers the abilities of older people is desirable. 

The results of this study may contribute to developing guidelines for mobile 
character terminals equal to VDT work standards [8,9] that have been established for 
conventional desktop type information.  
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