
ABSTRACT 

Two experiments were conducted to investigate the effects of minimal legible size char­

acters on Chinese word recognition . In Experiment 1, the minimal legible size was deter­

mined empirically to be the character size necessary to attain ninety-five percent correct 

recognition for various Chinese characters which differed in the number of strokes com­

prising the character, ranging from three to twenty-seven. The results showed that the 

minimal legible sizes were larger for characters with more strokes. This indicates that 

characters with more strokes should be enlarged to attain the same recognition perform­

ance as that from characters with fewer strokes. Experiment 2 investigated recognition 

accuracy for a string of minimal legible size characters, versus, conventional equal size 

characters. The results showed that accuracy rate for the minimal legible size condition 

was higher than that for the conventional size condition. Although Chinese characters 

presented with their minimal legible size might change the present word configuration, 

the results suggest that minimal legible size of characters might help readers recognize 

words in situations where reading time is extremely short. In particular, the results sug­

gest that minimal legible size Chinese characters may be appropriate in the design of 

warning or emergency signs. 
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Chapanis (1965) called attention to a very 

important but often neglected area of human 

factors: the written information associated 

with the tools, machines, systems and opera­

tions, which have more often been the focus 

of research. Negligence of this particular issue 

has continued over the past two decades 

(Chapanis, 1988). Advances in technology and 

automation have resulted in the introduction 

of increasingly complex products, machinery, 

operational activities and systems that require 

increasingly more complex written informa­

tion to communicate between humans and 

machines. This expansion of information 

has contributed to the creation of brochures, 

warning signs, illustrations and operational 

manuals that are frequently incapable of being 

adequately understood by their users. The 

design of such written information for accu­

rate and efficient human processing deserves 

more study. 

An important concern regarding the design 

of written information is legibility. Legibility 

refers to the ease of identifying individual 

alphanumeric characters. Poor legibility may 

result in the information being difficult to 



read, and thus a deterrent to reading it. 

Important determinants of legibility are con­

trast, typographic style and size. Given ade­

quate contrast, legibility is strongly affected 

by the type style. Much research has shown 

that character size significantly influences legi­

bility (Chang and Konz, 1993; lmbeau et al., 

1989; joseph and Uhlarik, 1992; Miyao et al., 

1988; Silver and Braun, 1993). Some studies 

(Bouwhuis, 1993; Vigilante and Wogalter, 

1998) showed the effect of character size 

on reading performance was significant for 

elderly readers . In order to obtain good text 

legibility, an important question is how large 

a character must be to be identified and dis­

criminated from adjacent characters. 

Although extensive guidelines exist with 

respect to character size, contrast and typog­

raphy, problematic issues remain concerning 

the spatial arrangement and characteristics 

of the elements within a character, in partic­

ular, those affecting discriminability of the 

elements, and thereby the recognition process. 

In English, each word may fill a different 

amount of space, for example, the space for 

"people" is twice that for "the." But, the dis­

criminability for the letters of these two words 

is probably quite similar. However, written 

Chinese characters are square-shaped, and 

all characters occupy equal spaces. Some 

characters have few strokes, while others have 

twenty or more strokes. Thus, the discrim­

inability of the strokes that form the equal 

size characters is different. Some investigators 

(Yen and Liu, 1972; Yu and Cao, 1992; Zhang 

and Yang, 1987) indicated that the effect of 

stroke number on Chinese character recogni­

tion was statistically significant and suggested 

that characters with more strokes are more 

difficult to identify than those with less strokes. 

For instance, although the characters :lC 
(yuan, dollar) and W (baa, treasure) are 

the same size, in terms of space occupied, 

they differ significantly in number of strokes 

and the discriminability of their strokes. 

Based on the findings presented above, recog­

nition performance should be affected by 

the number of strokes within a character and 

character size. If this is true, then how do we 

redesign characters, such as :lC (yuan, dollar) 

and W (baa, treasure), so that they are more 

equally legible? Perhaps, :lC (yuan, dollar) 

should be drawn a little smaller, and W 
(baa, treasure) should be drawn a little larger 

to produce equally legible characters, and 

thus improve overall recognition performance. 

The purpose, then, for Experiment 1 was 

to determine, for Chinese characters having 

different numbers of strokes, the minimal 

legible size which produced a high (ninety-five 

percent) correct recognition accuracy. Exper­

iment 2 evaluated these minimal legible 

size characters presented within a string of 

Chinese text. 
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EXPERIMENT 1: SPECIFY THE MINIMAL 

LEGIBLE SIZE FOR CHINESE CHARACTERS 

The purpose of this experiment was to specify 

the minimal legible size for Chinese charac­

ters comprised of different numbers of strokes 

under extremely short exposure durations. 

METHOD 

SUBJECTS 

Thirty college students between 20 and 22 

years old (M=20.8, SD=0.82) served as subjects. 

All had 18/20 corrected visual acuity or better. 

The subjects were paid for their participation. 

MATERIALS AND DESIGN 

Two hundred fifty characters with 10 occur­

rences per 800,000 characters in Chinese 

literature (Wu, 1987) were used in this exper­

iment. The 250 characters were divided into 

f ive levels based on the number of strokes per 

character: Level 1 (3 to 7 strokes), Level 2 

(8 to 12 strokes), Level 3 (13 to 17 strokes), 

Level 4 (18 to 22 strokes), and Level 5 (23 to 

27 strokes). Each level contained fifty charac­

ters, ten characters per stroke number. 



Ten levels of character size were used: The 

largest characters were 19 mm by 19 mm; the 

smallest characters were 8.2 mm by 8.2 mm. 

The increment between levels was 1.2 mm. 

The selection of 19 mm x 19 mm as the largest 

size character was based on the results from 

a preliminary study using the method-of­

limits (Gescheider, 1976; Liu, 1976). In this 

preliminary study, 10 subjects (who did not 

participate in the formal experiment) were 

presented 50 words consisting of 27-stroke 

characters for 250 msec at a viewing distance 

of 200 em . The result was that a 19 x 19 mm 

character size was required to achieve 95% 

correct recognition. 

The design consisted of a 5 (Stroke Number 

Level) x 1 0 (Character Size) mixed design, with 

character size as the between-subjects factor 

and stroke number level as the within-subjects 

factor. Subjects practiced ten characters before 

their performance data were collected on 

the experimental characters. Each subject 

received five blocks of trials in about 80 

minutes. A block consisted of 50 trials with 

stimulus characters of the same stroke number 

level. There was a 5 minute break between 

blocks . The sequence of the five stroke num­

ber levels was randomized. 

TASK SPECIFICATION 

All subjects were tested individually. A Model 

G1290 tachistoscope (by Gerbrands Corpora­

tion) was used to present the task. Prior to the 

presentation of each stimulus, subjects were 

instructed to fixate their eyes at the center of 

the screen. Two seconds later, a stimulus was 

presented for 250 msec. exposure duration. 

Then, the subjects reported the character just 

presented. Subjects were instructed to per­

form the task as accurately as possible. 

PERFORMANCE MEASURE AND ANALYSIS 

Accuracy rate (percentage correct) were 

obtained for each block of 50 trials and 

entered into the analysis of variance per­

formed using SAS. 

RESULTS AND DISCUSSION 

The means for accuracy rate under the dif­

ferent experimental conditions are shown 

in table 1. The results of analysis of variance 

showed a main effect of stroke number 

(F4,80=629.3, p<.001) on accuracy rate. 

Multiple comparisons with the Duncan test 

showed that the differences among Level 

1 (M=90.9, SD=12.8), Level 2 (M=84.8, 

SD=18.1 ), Level 3 (M=77.0, SD= 27.0) and 

Level 5 (M=58.9, SD= 30.9) were significant. 

The difference between Level 3 and Level 4 

(M=76.1, SD=24.9) was not statistically 

different. The results indicated that the more 

strokes a character has, the more difficult it 

is to recognize the character. 
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Character Size 

8.2 

9.4 

10.6 

11.8 

13.0 

14.2 

15.4 

16.6 

17.8 

19.0 

Subtotal 

Stroke Number 

Level 1 Level 2 Level 3 Level 4 Level 5 

M SD M SD M SD M SD M SD 

66.27 1.94 47.45 1.24 27.10 3.00 36.26 1.19 13.92 3.52 

72.44 2.30 64.42 3.59 40.74 1.48 38.23 2.80 18.04 1.73 

78.27 3.85 68.17 1.94 49.48 6.59 49.57 2.44 27.34 1.41 

95 .38 3.87 83.60 2.19 74.59 3.82 72.60 3.59 42.48 1.91 

96.55 2.81 88.67 6.44 84.38 3.10 79.58 2.61 52.40 4.88 

100 0 97.27 1.70 96.95 1.49 91.60 1.72 74.14 3.43 

100 0 98.29 2.99 98.17 0.30 94.63 1.25 84.44 2.05 

100 0 100 0 98.86 0.26 98.89 1.02 87.51 1.61 

100 0 100 0 99.77 0.39 99.84 0.28 91.92 1.25 

100 0 100 0 100 0 100 0 96.57 1.73 

90.89 72.9 84.79 78.2 77.00 27.0 76.72 24 .9 58.88 30.9 

M eans and Standard Deviations of Accuracy Rate(%) under Different Conditions of Exp. 1 (n=3). 

""' 00 

Table 1 

Subtotal 

M so 

38.20 7 8.57 

46.77 20.3 7 

54 .57 7 8.43 

73.73 78.39 

80.32 75.96 

97.99 9.87 

95.7 7 5.99 

97.05 5.02 

98.37 3.34 

99.37 7.56 



The main effect of character size (F9,20=2261.7, 

p<.001) on accuracy rate was significant. 

Multiple comparisons with the Duncan test 

showed that the differences among 8.2 mm 

(M=38.20, 50=18.57), 9.4 mm (M=46.77, 

50=20.31 ), 10.6 mm (M=54.57, 50=18.43), 

11 .8 mm (M=73.73, 50=18.39), 13.0 mm 

(M=80.32, 50=15.96), 14.2 mm (M=91.99, 

50=9.80), 15.4 mm (M=95.11, 50=5.99), 

16.6 mm (M=97.05, 50=5.02) and 19 mm 

(M=99. 31, 5D= 1 .56) were significant. The 

differences between 16.6 mm and 17.8 mm 

(M=98.31, 50=3.34), and between 17.8 mm 

and 19 mm were not statistically different. 

The interaction between stroke number and 

character size was also significant (F 36,80=32.0, 

p<.001 ). Figure 1 shows this interaction, in 

which the effect of stroke number on accuracy 

rate was greater for smaller characters than for 

larger characters. However, when the character 

size exceeded 15.4 mm, the effect of stroke 

number on accuracy rate was less significant. 

The purpose of this experiment was to specify 

the minimal character size necessary to attain 

a recognition level greater than ninety-five 

percent correct, for characters with different 

stroke numbers. These minimal sizes referred 

to herein as the minimal legible sizes are pre­

sented in table 1, and are as follows: 11 .8mm, 

14.2mm, 14.2mm, 16.6mm, and 19.0mm, 

for stroke number Levels 1 through 5, respec­

tively. These results indicate that characters 

with more strokes must be enlarged to obtain 

the same recognition accuracy as that for 

those with fewer strokes. 
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Recognition accuracy as a function of character size for characters which varied in number of strokes per character. 

(Note significant interaction between stroke number and character size). 
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EXPERIMENT 2: EFFECTS OF MINIMAL 

LEGIBLE SIZE CHARACTERS ON RECOGNITION 

The purpose of this experiment was to inves­

tigate the effects of minimal legible size 

characters on recognition performance in a 

task using a string of Chinese characters. 

METHOD 

SUBJECT 

Thirty-six college students (6 women and 30 

men) between 20 and 24 years old (M=22.4, 

SD= 1.02) served as subjects. All had 16/20 

corrected visual acuity or better. The subjects 

were paid for their participation. 

MATERIALS 

Ninety-six four-character Chinese strings, 

including 32 high-frequency, 32 low-frequency 

words and 32 nonwords were used in this 

experiment. The high-frequency words 

appeared over six times per 800,000 charac­

ters, and the low-frequency words appeared 

only one time per 800,000 characters in 

Chinese literature (Wu, 1987). 

Two presentation conditions for the character 

strings were employed. In the redesign condi­

tion, each character was presented at its mini­

mal legible size as obtained from Experiment 1. 

Thus, the sizes of the four characters within 

any string could be different. In the conven­

tional condition, the size of all four characters 

of a string was the same; it was the average of 

the minimal legible sizes of the string's com­

prising characters (see figure 2 for illustration). 

DESIGN 

The design consisted of a 3 (Word Frequency) 

x 2 (Presentation Condition) mixed design, 

with presentation condition as the between-

subjects variable. Subjects practiced with ten 

training strings before their performance data 

on the experimental strings were collected. 

The stimulus exposure duration was decided 

in a preliminary study, in which 12 persons 

(who did not participate in the formal experi­

ment) received 30 stimuli in a recognition task. 

The results showed that a 400 msec. exposure 

duration was necessary to produce a mean 

accuracy rate of 52.2% (SD=9.2) at a viewing 

distance of 200 em. Thus, the exposure dura­

tion of the stimulus was set at 400 msec. in 

the formal experiment. 

TASK SPECIFICATION 

Subjects were tested individually and informed 

that the character string was to be recognized 

in the left-to-right direction. A Model G1290 

tachistoscope (by Gerbrands Corporation) was 

used to present the task. Prior to the presenta­

tion of each stimulus, subjects were instructed 

to fixate their eyes at the center of the screen. 

Two seconds later, a stimulus was presented, 

then, they reported the string they had just 

read. Each subject received three blocks of 

32 trials in about 40 minutes. There was a 5 

minute break between blocks. Subjects were 

instructed to perform the recognition task as 

quickly and accurately as possible. 

PERFORMANCE MEASURE 

Accuracy rates (percentage correct) were 

obtained for each block of 32 trials and 

entered into the analysis of variance per­

formed using SAS. 

RESULTS AND DISCUSSION 

The mean accuracy rates under the different 

experimental conditions are shown in table 2. 

The results of analysis of variance showed a 



Figure 2 

Redesign condition Conventional condition 

High-frequency word 

Low-frequency word 

Nonword 

Some examples of character size design in Experiment 2. In the redesign condition, the sizes of characters for the 

high-frequency word were 19.0, 11.8, 14.2, and 11 .8mm; those for the low-frequency word were 14 .2, 16.6, 11.8, 

and 14.2mm; those for the nonword were 19.0, 11 .8, 14 .2, and 11.8mm, respectively. In the conventional condition, 

the size of all characters were the average of the sizes of the characters in the redesign condition: 14 .2mm. 
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main effect of presentation condition (F1,34= 

37.9, p<.001) on accuracy rate. The accuracy 

rate for the redesign condition (M=50.8, 

SD=8.3) was significantly higher than that 

for the conventional condition (M=47.3, 

SD=8.7) . The main effect of word frequency 

(F2,6s= 407.1, p<.001) on accuracy rate was 

also significant. Multiple comparisons using 

the Duncan test showed that the differences 

among high-frequency words (M=56.2, 

SD=3.0), low-frequency words (M=53 .1, 

SD=3.0), and nonwords (M=38 .0, SD=4.0) 

were significant. Interaction of the two 

factors was not statistically significant. 

The results indicate that the accuracy rate 

was higher when the characters of a word 

were presented at their minimal legible sizes 

than when they were presented at their con­

ventional size. The results also showed that 

word frequency affects accuracy rate. High­

frequency words were correctly recognized 

more often than were low-frequency words, 

which in turn, were recognized better than 

meaningless nonwords. 

CONCLUSIONS 

The results of Experiment 1 indicate that 

recognition accuracy was higher for Chinese 

characters with fewer strokes than for char­

acters with more strokes, a finding consistent 

with other researchers (Yen and Liu, 1972; 

Yu and Cao, 1992; Zhang and Yang, 1987). 

According to just and Carpenter (1987), the 

average focus time for each stroke is 4.6msec. 

Hence, subjects need more time to identify 

the characters with more strokes. In addition, 

characters in Chinese text have the same size 

regardless of number of strokes. Thus, the 

characters with more strokes would necessarily 

have a higher stroke density, and would be 

-4._,....,._,.,..,• 
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more difficult to recognize. One implication is 

that the size of Chinese characters should vary 

directly with character stroke number, in order 

to maintain the same level of discriminability 

for each character. 

This implication was confirmed in Experiment 

2, in which recognition accuracy was higher 

for words consisting of minimal legible size 

characters, versus, the conventional equal 

size. One possible reason for this result is that 

when the size of the character with more 

strokes was enlarged, it became easier for the 

subjects to recognize and the accuracy rate 

increased. However, perhaps the smaller size 

for characters with fewer strokes did not 

degrade recognition performance because 

the size was still within the minimal legible 

range. The recognition accuracy rate for high­

frequency words was greater than that for 

low-frequency words. This result is similar to 

the results of other studies (Clark et al., 1994; 

Duchek and Neely, 1989; Howes and Solomon, 

1951; johnston, 1978; Scarborough et al., 

1977). The effect of word frequency was still 
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Table 2 

Word Frequency 

High-frequency Low-frequency Nonword Subtotal 

M SD M SD M SD M 50 

Design 

Redesign condition 57.87 2.56 54.54 2.50 40.05 3.44 50.82 8.30 

Conventional condition 54.47 2.43 51.57 2.75 35.92 3.59 47.32 8.72 

Subtotal 56.7 7 3.00 53.06 2.99 37.99 4.04 

Means and Standard Deviations of Accuracy Rate (%) under Different Conditions of Exp. 2 (n= 7 8). 
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significant when the characters of a word 

were individually designed with their minimal 

legible sizes. 

The minimal legible size design varies the sizes 

of the characters according to their stroke 

numbers: Character with fewer strokes required 

less size and vice versa. Different character 

sizes may not be plausible in the same text due 

to editing and aesthetic considerations, but 

for "signs" with only a few characters, char­

acter sizes could be designed according to 

stroke number. If the sizes of the characters 

in a sign must be equal, the appropriate size 

should be equal to or larger than the minimal 

legible size of the character with the highest 

stroke number. These character size recom­

mendations may prove appropriate for emer­

gency situations where recognition accuracy 

is critical and time is short. 

The findings of this study might be useful for 

a designer in creating a more easily recog­

nized Chinese character string. However, 

the experimental stimuli used in this study 

were short character strings; future research 

is needed to explore the effects of minimal 

legible size design on reading sentences or 

text. This design also changes the word con­

figurations. The effect of these changes on 

recognition accuracy needs further study. 
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