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Abstract. The visibility of Japanese characters on the liquid crystal displays in 
mobile phones was studied by measurements of reading time and visual 
distance, and subjective evaluations. Graphic text was used to prepare various 
samples with various character heights of 1, 1.25, 1.5, 1.75, 2 and 2.25 times 
greater than the width of the characters. The vertical length of the characters 
had a significant effect on the parameters of reading speed and subjective 
evaluation of legibility. Characters with a height of between 1.5 and 2 times 
greater than the width showed the highest visibility in this experiment. 

Keywords: readability, character size, cataract cloudiness, mobile phone e-mail 
and graphical characters. 

1   Introduction 

Today, the utilization of IT devices such as mobile phones (MPs) is a focus of 
attention as one way to enable elderly people to remain independent and continue 
participating in society. We thus need maintain an environment in which everyone, 
including elderly people, can enjoy the benefits of IT. 

However, in previous studies on the use of MPs, the subjects were mainly ordinary 
young people. No systematic studies have been done on how elderly people, 
physically handicapped people, and foreign residents of a country use, operate and are 
physiologically and psychologically affected by IT devices. 

Although the recommended character size on video display terminals (VDTs) of 
personal computers has already been standardized (ISO, 1992) [1], (JIS, 2002) [2] 
supported by many studies [3], research on the visibility of characters on LCDs in 



 Influence of Vertical Length of Characters on Readability in Mobile Phones 431 

MPs remains insufficient. The visibility of characters displayed by fonts supported by 
MPs was studied previously [4]. 

The purpose of the present study was to examine the relationships between the 
visibility of mobile phone displays and aging effects or subjects’ visual functions, 
based on measurements of vision, including far and near eyesight, refraction of the 
eyes, accommodative power, cataract cloudiness, and power of eyeglasses. 

We investigated the reading performance of users who read characters on LCDs in 
MPs, and examined character size, which may be related to readability. Graphic 
characters in Portable Document Format (PDF) were used in this research. The use of 
graphic characters allows characters of various sizes, shapes and contrast beyond the 
display functions of the product to be displayed in an experiment. 

2   Method 

2.1   Subjects and Methods 

The subjects were 74 people aged 20 to 80 years (age = 39.2±16.7), with normal or 
corrected-to-normal vision. The following visual functions of the subjects were 
measured: pupil distance (PD), refraction and lens power of their glasses, far visual 
acuity (5 meters), near visual acuity (NV: 70 cm, 50 cm and 30 cm) and cataract 
cloudiness (CC) using an anterior ocular segment measuring instrument, EAS-
1000TM (NIDEK Inc.). The indication of cataract cloudiness had 256 levels [5], in 
which 0 indicated no cloudiness and 255 maximum cloudiness.  

We investigated readability with 6 character heights of 1, 1.25, 1.5, 1.75, 2 and 
2.25 times greater than the width of the characters. Using the 6 character heights, we 
analyzed the performance of elderly people in reading Japanese sentences with each 
character height on MPs. Then the subjects, with either naked eyes or glasses for near 
visual acuity, were asked whether they could read the sentences on backlit MPs in 
daytime room luminance conditions (bright luminance: 700-800 lx). We used 
sentences adopted randomly and shown in random order. We measured the time it 
took the subjects to finish reading the sentences (reading speed: RS), and recorded the 
number of figures they misread (ER). 

2.2   Display  

Figure 1 show mobile phones (MP) used in the experiment. The size of the liquid 
crystal display used in this experiment was 2.4 inch (48mm×36mm). This is about the 
same as mean size of the MP displays used by the subjects in the experiment. The 
LCD resolution is 240×320 pixels and the display is QVGA TFT.  

Image characters in the Portable Document Format (PDF) were used in this 
experiment. Vector data has the advantage that the expansion and reduction of the 
display is possible with the layout maintained. The sentences used by the experiment 
were excerpted from an article in a newspaper. The subjects did not scroll the display 
but read out loud the sentences on one screen. The luminance and the contrast of the 
MP were adjusted to the appropriate levels by the tester in advance. Window blinds 
prevented glare or uncomfortable light. 
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2.3   Character Size 

In this experiment, the readability between font and size of graphical characters on 
small liquid crystal displays (LCDs) in MPs was researched. In the experiment, two 
different fonts (Ming type and Gothic type) were used. The base character size was 
height and width of 3mm×3mm. The font did not change in width (3mm), only the 
height of the character was changed. Examples of character size are shown in Table 1. 
With each font size there was a uniform ten characters per line. 

 

 
(a) Mincho                                    (b) Gothic 

Fig. 1. 1 Samples of graphic characters (Mincho, Gothic) 

Table 1. Samples of graphic character 

Type of 

font 

Characters 

per line 

Width length of 

character（mm） 

Vertical length of characters（mm） 

1 time 1.25 time 1.5 time 1.75 time 2 time 
2.25 

time 

MS-Mincho 
10 3 

3 3.8 4.5 5.3     

Gothic 3 3.8 4.5 5.3 6 6.8 

 

2.4   Experimental Procedures 

Experimental conditions were adjusted so that the average luminance was 800~1200 
(lx) on the horizontal plane on the desk, and the MP display was vertical.  

Sample sentences were displayed in rotated order. Reading time and visual 
distance between the eyes and LCD were measured. After each reading, subjects 
evaluated readability by choosing from 1 (very hard to read) to 5 (very easy to read).  

The total number of characters displayed on one screen was different according to 
the font size. The number of characters displayed on one screen was therefore divided 
by the reading time. Reading speed (number of characters/sec.) was calculated from 
the measured reading time. 

In a two-way ANOVA, the two dependent variables of RS and Error were used for 
the subjects' reading performance. For both ANOVAs, two independent variables 
were taken from among 3 variables. In all cases one independent variable was the 
type of font or size of character, while the other was taken from age, CC and NV. 
Only the results of CC are reported. 
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We classified subjects by cataract cloudiness into 3 groups as follows: (-): 0-100, 
(+): 100-160, (2+): 161-255. 

3   Results 

3.1   Result of MS-Mincho 

In the two-way ANOVA, we analyzed whether reading speed or the error rate in 
reading was influenced by the two factors of the height of a character on the display 
and CC. 

CC was associated with a significant difference in RS in the results of the two-way 
ANOVA (p<0.001). In multiple comparisons of CC, significant differences were seen 
between 0 to 99 and 100 to 159 (p<0.001), and between 0 to 99 and 160 or more 
(p<0.01). Namely, RS was faster in the non-cataract cloudiness group (-), and RS 
became slower as cataract cloudiness grew severer. However, a significant difference 
was not seen with the font size (Figure 2). 

We analysed the number of errors (ER) in reading as well as reading speed. ERs 
were tested statistically as the dependent variable with the two independent variables 
of character height and CC group. 

CC was associated with a significant difference in ER in the results of the two-way 
ANOVA (p<0.001). In multiple comparisons of CC, significant differences were seen 
between 0 to 99 and 100 to 159 (p<0.001), and between 0 to 99 and 160 or more 
(p<0.001). Namely, ER decreased in the non-cataract cloudiness group (-), and RS 
increased as cataract cloudiness grew severer. No significant difference was seen in 
ER with the size of characters (Figure 3). However, when CC was 160 or more, ER 
was 0 (1.5 times).  
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Fig. 2. Relation between RS and cataract cloudiness for different character heights with the 
Mincho font 
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Fig. 3. Relation between errors and cataract cloudiness for different character heights with the 
Mincho font 
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Fig. 4. Relation between subjective evaluation and cataract cloudiness for different character 
heightswith the Mincho font 

Moreover, a significant difference was not seen in the results of the visual distance 
for either CC or font size. However, a tendency was seen in which the visual distance 
increased when the CC was 100 layers or more. 

In the SE, the CC was associated with a significant difference in the results of the 
two-way ANOVA (p<0.05). In multiple comparisons of CC, significant differences 
were seen between 0 to 99 and 100 to 159 (p<0.05). The evaluation of non-cataract 
cloudiness group (-) was good with all character sizes. Moreover, a significant  
difference was not seen in the font size. However, the evaluation of 1.5 (times) was 
best when CC had more than 100 layers. (Figure 4). 
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3.2   Result of Gothic Type 

Similarly, we tested statistically whether there were any associations between the size 
of graphical characters and the readability. Gothic type was tested statistically as the 
dependant variable with the two independent variables of character size and three 
ranks of CC using two-way ANOVA.  

Figure 5 shows the relation between CC and RS. CC was associated with a 
significant difference in SR in the two-way ANOVA (p<0.001). In multiple 
comparisons of CC, significant differences were seen between 0 to 99 and 100 to 159 
(p<0.01), and between 0 to 99 and 160 or more (p<0.001). Namely, RS decreased in 
the non-cataract cloudiness group (-), and RS increased as cataract cloudiness grew 
severer. A significant difference in RS was seen with character size (p<0.001). In 
multiple comparisons of size of character, significant differences were seen between 
1.5 (times) and 2.25 (times) (p<0.01), and between 1.75 (times) and 2.25 (times) 
(p<0.01). Thus, RS became slower with font size of 2.25 (times).  

Figure 6 shows the relation between CC and ER. CC was associated with a 
significant difference in ER in the two-way ANOVA (p<0.01). In multiple 
comparisons of CC, significant differences were seen between 0 to 99 and 100 to 159 
(p<0.001), between 0 to 99 and 160 or more (p<0.001), and between 100 to 159 and 
160 or more (p<0.01). Namely, ER decreased in the non-cataract cloudiness group (-), 
and ER increased as cataract cloudiness grew severer. A significant difference in ER  
was seen with the size of characters (p<0.01). In multiple comparisons of character 
size, significant differences were seen between font sizes of 1 (times) and 2 (times) 
(p<0.05). ER was low with the 2 (times) font size.  

In the SE, CC was associated with no significant difference in the results of the 
two-way ANOVA (p<0.05). However, a significant difference was seen in the size of  
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Gothic font 
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Fig. 6. Relation between errors and cataract cloudiness for different character heights with the 
Gothic font 
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Fig. 7. Relation between subjective evaluation and cataract cloudiness for characters of 
different heights with the Gothic font 

characters (p<0.01). In multiple comparisons of size of character, significant 
differences were seen between font sizes of 1.25 (times) and 2.25 (times) (p<0.05) 
(Figure 7). SE had the worst evaluation with the font size of 2.25 (times).  

4   Discussion 

MPs with built-in cameras are useful to send and receive graphic data by e-mail. 
However, the liquid crystal displays (LCDs) in MPs are so small that the characters 
on the LCDs may not be adequately visible.  
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ISO 9241-3 (1992) [1] and the Japanese VDT guideline (2002) [2] recommend that 
on VDTs “the minimum character height shall be 16 minutes of arc and the maximum 
character height shall be 24 minutes of arc for tasks in which readability is important. 
Character heights of 20 to 22 minutes of arc are preferred for reading tasks.” Thus, 
character height of 3 mm or more is preferred, which becomes approximately 2.9 mm 
at 20 minutes of arc for a 50 cm visual distance. 

However, in the JIS S 0032 (2003)[6]: Guidelines for the elderly and people with 
disabilities--visual signs and displays--estimation of minimum legible size for 
Japanese single characters, the minimum legible character size is presumed. 
According to this JIS criteria, the legible size ranges from 5.4 points to 7.3 points with 
a Gothic object, when people younger than 22 years of age read characters at a visual 
distance of 30 cm. The number of points is converted into mm as follows: 5.4 points = 
1.90 mm, 7.3 points = 2.57 mm. These standard values (minimum legible size) were 
set for signs, displays or pamphlets with dark characters and white background on 
boards or paper, rather than dot characters on CRTs. In this experiment, the e-mail 
text used was a Gothic object and character size was 3 x 3 mm. Although it was not 
written on paper but on an LCD, the text (3 x 3 mm) was larger than the minimum 
legible size. 

With the MS-Mincho font, readability was not influenced by the character size. 
However, when the CC had 100 or more layers, it was thought from the readability 
evaluation that the 1.5 times character size was readable. With the Gothic font, RS 
was fast and the ER was high with both character sizes of 1.5 (times) and 2 (times) 
and CC of 100 layers or more. However, RS was slow with the character size of 2.25 
(times).  

With both Ming and Gothic type, legibility was judged to be good with the 1.5 
times font size. The character size is converted into mm as follows: 1.5 times = 3.0 
mm, 2 times = 6 mm and 2.25 times = 6.8mm. Therefore, it was shown that the 
character heights from 4.5mm to 6mm are readable. Hasegawa [7] reported that 
readability of Japanese characters improved when they were vertically enlarged to 
approximately twice the width. In the present experiment, the character sizes from 4.5 
mm to 6 mm suggest that readability can be assured for anyone when they read the 
sentence with proper near sight glasses and receive appropriate cataract care. 
However, font size of 2.25 times is not easily read. Therefore, character size of 6.8 
mm is an improper height for readability.  

5   Conclusions 

Today, MPs are essential as IT devices for most of people aged 40 to 60 years, as well 
as for young people. Today’s MPs can send and receive not only sound but also 
letters and pictures. The functions of MPs will continue to progress. However, the 
size of the display is restricted. In thinking about the universal design of MPs, it is 
important to consider the property of MPs and visual functions.  

In the present study, readability was improved by lengthening the height of the 
character. It is desirable that display settings such as character height can be easily 
adjusted, so that elderly users can adjust the displays to meet their individual needs. 
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