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SIGNIFICANCE: This study suggests that Chinese newspaper characters are more legible than English newspaper
letters. Characters in Chinese newspapers have higher acuity reserve than English newspapers.

PURPOSE: The purpose of this study was to evaluate visual demand and acuity reserve for Chinese newspapers in
comparison with published data on U.S. newspapers.

METHODS: The test distances for visual acuity in Chinese clinical studies were reviewed systematically. Characters
from different sections of newspapers printed in simplified Chinese were evaluated. The character height, fre-
quency, and visual demand and acuity reserve of each newspaper section were determined for Chinese characters
of the six different levels of complexity.

RESULTS:More than 70% of Chinese clinical studiesmeasure near visual acuity at either 33 or 40 cm. The height
of Chinese characters ranged from 1.95 to 3.28 mm across different sections of five newspapers compared with
1.0 to 2.0 mm for English letters. The frequency of Chinese characters from least to most complex ranged from
7 to 34% across 12 sections of one Chinese newspaper. The angular threshold across the six complexity levels
of Chinese characters ranged from 4.62 to 5.93 arcmin (0.54 to 0.69 mm at 40-cm reading distance) with a
weighted angular threshold of 5.18 arcmin compared with 3.37 arcmin (0.39mm) for the English letters. For Chi-
nese newspapers, at 40-cm reading distance, the acuity reserve for the smallest and largest median size was 3.55
and 4.61, respectively.

CONCLUSIONS: Chinese characters are larger than English characters in all newspaper sections newspapers by a
factor of 1.60 to 2.34. Given that Chinese characters need to be 1.54 times larger than English letters to provide
the same acuity reserve, on average, Chinese newspapers are more legible than U.S. English newspapers.
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Visual acuity testing is the standard evaluation of visual func-
tion and the first step in the clinical management of ophthalmic
conditions. Visual acuity is typically measured using standardized
charts comprising various letter sizes. Although visual acuity test-
ing in the clinic informs on how the eye functions, it is equally im-
portant for the visual acuity measurement to be functionally
relevant, that is, to perform vision-related activities. In this regard,
most people list reading as their primary visual requirement.1

Reading is an essential skill, a basic near visual task that re-
quires a complex integration of visual acuity, visual fixation, ac-
commodation, binocular fusion, saccades, convergence, field of
vision, and form perception.2 Factors such as language skills, vi-
sual perception and cognition, character type, style, spacing, con-
trast, and reading distance add to the complexity of reading
proficiently.3–6 Accordingly, populations in different cultural or de-
mographic areas, with different languages/script,may differ in their
reading skills.

Unlike English, the Chinese language does not have an alpha-
bet but uses a logographic system where one or two characters
may stand for one word. Chinese and English characters also differ
significantly with respect to their spatial structure.7 Written Chi-
nese characters contain a large range of spatial complexities, and
there are more than 2500 frequently used characters. English
characters vary in width and height. While around half are the same
height as an x or o, the remainder have either ascenders (e.g., b or
d) or descenders (e.g., p or q). In contrast, Chinese characters with
the same font type and size occupy a constant square area and con-
sist of anywhere between 1 and 52 strokes within a letter, making
themmore complex and less legible as the visual angle decreases.8

Furthermore, a Chinese word typically consists of only one or two
characters. Ma et al.9 showed that the visual configuration of such
a word contributes to the retrieval of the word's meaning. On the
other hand, the average word length in English language is approxi-
mately 4.7 characters. Pitt and Samuel10 showed that longer English
words allow for better lexical activation and thereby better retrieval
of a word's understanding and meaning. These differences between
the languagesmay also add to the variability in visual acuity demand
and thereby influence reading ability and performance.

Reading speed is related to how large the print size is relative to
threshold size. As size increases above threshold, reading speed
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improves steadily until maximum speed is reached at a critical
print size. At still larger sizes, reading speed remains relatively con-
stant. Whittaker and Lovie-Kitchin3 coined the term acuity reserve,
defined as the ratio between the font size being read and the
threshold size, and proposed that the acuity reserve should be at
least 3 for highly fluent reading.

Zhang et al.8 systematically studied common Chinese charac-
ters and demonstrated that the threshold size of Chinese charac-
ters increased linearly with their spatial complexity. Nonetheless,
there are few studies that assess the demands and acuity reserve
for Chinese and how it compares with English.6,11 Evaluating the
demands of newspapers not only requires consideration of charac-
ter style and print size but also the reading distance. In U.S. Food
and Drug Administration clinical trials, measurement of near visual
acuity is usually performed at a distance of 40 cm, a distance com-
monly used to perform near visual tasks, although there is consider-
able between-subject variation.12,13 Considering the fundamental
differences between Chinese and English reading material, it is im-
portant to understand the relationship between commonly encoun-
tered print sizes and the visual acuity demand to read Chinese.

In this study, newspapers were used as amedium to understand
the visual acuity demand of the Chinese population. First, the test
distance of near, intermediate, and distance visual acuity in clinical
studies in China was reviewed systematically. Second, the sizes of
Chinese newspaper characters were measured and compared with
the previously published data for U.S. newspapers. Finally, the visual
demand and acuity reserve of these Chinese newspaper characters
were determined and compared with that for English newspapers.
FIGURE 1. Flowchart of the systematic literature review. *For PubMed: “near v
(China OR Chinese), “distance visual acuity” AND (China OR Chinese); for C
acuity” (“ ”), “distance visual acuity” (“ ”). †
VIP Information Co., Ltd.), and Wanfang Med Online.
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METHODS

Systematic Literature Search

To understand reading distances in China, a literature search
was conducted in PubMed and the Chinese databases (CNKI
[China Academic Journals full-text database], CqVIP [Chongqing
VIP Information Co., Ltd., China's first Chinese journal database re-
search institution under the Chongqing Branch of the Institute of
Scientific and Technical Information of China], and Wanfang
Med Online). The PubMed search was conducted to identify arti-
cles published in the last 5 years using the following keywords:
“near visual acuity” AND (China OR Chinese), “intermediate visual
acuity” AND (China OR Chinese), “distance visual acuity” AND
(China OR Chinese).” Chinese databases were also searched for ar-
ticles with keywords “near visual acuity” (“ ”), “intermediate
visual acuity” (“ ”), “distance visual acuity”
(“ ”). Abstracts retrieved from the search were screened to in-
clude articles either on ophthalmological clinical studies con-
ducted in China or those in which near, intermediate, or distance
vision was measured. Articles that did not report visual acuity test
distances were excluded (Fig. 1).

Character Selection

The most common Chinese characters used by Zhang et al.8

were selected, given that their visual demand had been well char-
acterized. Briefly, among a linguistic corpus of 138 million, the
500 most frequently used Chinese characters were selected from
isual acuity” AND (China OR Chinese), “intermediate visual acuity” AND
hinese databases: “near visual acuity” (“ ”), “intermediate visual
CNKI (China Academic Journals full-text database), CqVIP (Chongqing
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an official character-frequency table (Modern Chinese Character
Frequency Table).14 These were then screened based on the num-
ber of strokes and categorized into six groups (2 to 4, 5 to 6, 8 to 9,
11 to 12, 13 to 15, and 16 to 18 strokes). Zhang et al.8 used the
distances between strokes to further refine character complexity.
The final six groups, each with defined levels of complexity, were
used as the sample Chinese characters measured in the current
study (Fig. 2A).

Measurements and Data Analysis

Five local newspapers printed in simplified Chinese were cho-
sen for the study. Given that the requirements are specified by
the government, print sizes across Chinese newspapers were not
expected to vary significantly, so only five newspapers were mea-
sured. In each newspaper, five sections (sports, weather, classified
advertisements, syndicated columns, and front-page articles) were
selected for evaluation. A Peak Scale Lupe (10�, GWJ Company,
La Quinta, CA) was used to measure the samples.

Character Height

An investigator read through every section from the beginning,
and the first appearance of any character from each complexity
group (Fig. 2A) was selected andmeasured. Each character sample
was measured vertically from its highest to lowest point (example
shown in Fig. 2B) and expressed in millimeter. The second investi-
gator repeated the measurement, and the mean of these measure-
ments was used as the print size of each complexity level for each
section. Data from DeMarco and Massof,15 summarizing English
characters from newspapers in the United States, were converted
into millimeter based on the following formula: 1 M = 1.45 mm.
The range of the median Chinese character print size in each
FIGURE 2. (A) Six groups of Chinese characters based on complexity.
Adapted with permission of Association for Research in Vision &
Ophthalmology (ARVO), from Zhang et al.8; permission conveyed
through Copyright Clearance Center, Inc. (B) Illustration for character
height measurement.
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section was calculated and compared with the published values
for English characters in U.S. newspapers.15

Angular Threshold and Size Threshold

Size threshold is the height in millimeter of the smallest
character/letter that people can read at a given distance. Likewise,
angular threshold is the corresponding angular subtense in minutes
of arc (arcmin). Angular threshold is related to visual acuity, but for
complex Chinese characters, the relationship is not as straightfor-
ward as it is for Sloan letters and similar optotypes where the visual
acuity is the stroke width, that is, one-fifth the angular subtense.
Zhang et al.8 determined the angular threshold for six groups of
Chinese characters (Fig. 2A) from low to high spatial complexities
and Sloan letters (C, H, K, O, R, S, V, and Z) in six normal-sighted
Chinese observers.8 It should be noted, however, that there may
not be a one-to-one relationship between thresholds for Sloan letters
and newspaper print.

Using the near reading distance of 40 cm, the print height was
calculated using the following formula:

Print height at 40 cm in mmð Þ ¼ tan acuity size in arcmin=60ð Þ � 400

Weighted Mean of Angular Threshold

To calculate themean angular threshold across the six complex-
ity levels, the frequency of each one was determined. The fre-
quency of Chinese characters in each complexity-level group
(from least complex to most complex) across all 12 sections of
one Chinese newspaper was assessed to reflect how often charac-
ters of each complexity appear in a newspaper. The weightedmean
angular threshold for Chinese characters was calculated, with their
relative frequency as weights, using the following formula:

X6

i¼1

wiai

where i is the complexity level from 1 to 6, wi is the frequency/
weight for each complexity, and ai is the angular threshold for each
complexity level.

Acuity Reserve

The acuity reserve is the ratio of the angular subtense of print to
the angular threshold. It was calculated using the weighted mean
of angular threshold based on the comprehensive data of Zhang
et al.8 for Sloan letters and Chinese characters.
RESULTS

Literature Review

The test distance of near, intermediate, and distance visual
acuity measurement in clinical studies in China was reviewed sys-
tematically to better understand visual acuity testing in China
(Fig. 1). The preliminary search of PubMed and Chinese databases
retrieved 296 and 665 abstracts, respectively. Further screening of
these abstracts based on the applied criteria identified 105 publi-
cations that reported the distance for visual acuity measurement in
Chinese studies. Among the 67 studies that test near visual acuity
(10 to 40 cm), the majority (~72%) are measured at 33 cm
(n = 21), at 40 cm (n = 24), or between (n = 3). Of the 47 studies
reporting at intermediate visual acuity (40 to 125 cm), 36% are
commonly reported at 60 cm. Of the studies that report on testing
0; Vol 97(10) 867



TABLE 1.Height and ratio of Chinese characters and English letters in
newspapers

Newspaper section

Character height, median
(range) (mm) Ratio of print size

(China/U.S.)China U.S.*

Sports 2.8 (2.7–2.8) 1.2 (1.0–1.4) 2.3

Weather 2.7 (1.9–3.3) 1.3 (1.1–2.0) 2.1

Classifieds 2.1 (2.0–2.3) 1.2 (1.0–1.5) 1.8

Syndicated 2.8 (2.7–2.8) 1.7 (1.5–2.0) 1.7

Front page 2.8 (2.8–2.8) 1.7 (1.3–1.9) 1.6

*Data from the height of letter o of 100 newspapers in the United
States.15
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at distant visual acuity (3 to 6m, n = 80), 80% (n = 64) test distant
visual acuity at 5 m.

Character Height

The median height of Chinese characters in newspapers ranged
from 1.95 to 3.28 mm across all sections. The median height of
characters was 2.8, 2.7, 2.1, 2.8, and 2.8 mm in the sports,
weather, classified advertisements, syndicated columns, and
front-page sections, respectively. The corresponding values for an-
gular subtense at 40 cm are 23.9, 23.5, 18.4, 23.9, and
23.9 arcmin, respectively.

In comparison, letters in U.S. newspapers range from 1.0 to
2.0 mm with medians of 1.2, 1.3, 1.2, 1.2, and 1.7 mm for the
corresponding sections.15 The corresponding values for angular
subtense at 40 cm are 10.2, 11.0, 10.0, 14.4, and 15.0 arcmin,
respectively. Overall, Chinese characters across multiple sections
were 1.6 to 2.3 times larger than English characters in the same
section (Table 1).

Angular Threshold (αi) and Size Threshold
The angular threshold across the six Chinese character com-

plexity levels ranged from 4.62 to 5.93 arcmin (Table 2).8 This cor-
responds to size thresholds of 0.54 to 0.69 mm for a 40-cm
TABLE 2. Size threshold for Chinese characters of six levels of complexity an

Character
complexity level Sample character

Frequency
(%)

Angular thresho
(arcmin)*

CC1 34.2 4.62

CC2 17.0 4.88

CC3 15.7 5.38

CC4 12.0 5.66

CC5 7.2 5.90

CC6 13.9 5.93

Weighted mean 5.18

*Data extracted from figures in Zhang and colleagues'8 study on legibility var
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reading distance. The corresponding values for English characters
are 3.37 arcmin and 0.39 mm for a 40-cm reading distance.

Weighted Mean of Angular Threshold

The frequency of each complexity level assessed in all 12 sec-
tions of one Chinese newspaper is summarized in Table 2. Among
the characters in this pool, the frequencies of Chinese characters
from the least to the most complex were 34, 17, 16, 12, 7, and
14%. Based on the angular threshold (ai) and frequency/weight
(wi) for each complexity group (Table 2, respectively), the
weighted mean of angular threshold for Chinese characters was
5.18 arcmin. This corresponds to a size threshold of 0.60 mm
for a 40-cm reading distance.

Acuity Reserve

The acuity reserve is the ratio of print size to size threshold.3 It
can also be expressed as the ratio of the angular subtense of print
to the angular threshold. For Chinese newspapers, the acuity re-
serve is 3.55 (18.4/5.18) for the smallest median size and 4.61
(23.9/5.18) for the largest median size assuming a reading dis-
tance of 40 cm. The smallest Chinese character measured was
1.95 mm or, at 40 cm, 16.8 arcmin, giving an acuity reserve of
3.24 (16.8/5.18; Table 2).

For U.S. newspapers, the acuity reserve is 2.96 (10.0/3.37)
and 4.44 (15.0/3.37) for the smallest and largest median sizes, re-
spectively. The smallest U.S. character reported was 1 mm or, at
40 cm, 8.6 arcmin, giving an acuity reserve of 2.55 (8.6/3.37).
DISCUSSION

The medium used for testing (including the character style and
print size) and testing distance are two important aspects of oph-
thalmic assessment. Previous studies have underscored the impor-
tance of character print size and shape that, together with the
reader's viewing distance, determine the angular print size or the vi-
sual angle, thereby affecting letter recognition and reading perfor-
mance.5,16,17 Hence, different languages and their script may
influence visual acuity and thereby their readability.
d their ratio to the threshold of English letters

ld Size threshold at
40 cm (mm)

Acuity reserve

Smallest character
(2.14 mm)

Largest character
(2.78 mm)

0.54 3.96 5.15

0.57 3.75 4.88

0.63 3.40 4.41

0.66 3.24 4.21

0.69 3.10 4.03

0.69 3.10 4.03

0.61 3.55 4.61

iations of Chinese characters.
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Chinese and English fonts vary significantly, but there is limited
literature comparing Chinese and English print size in newspapers
and comparing them with established thresholds. In this study,
Chinese and English newspaper character sizes were compared,
and Chinese characters were found to have larger characters across
all sections of newspapers (vs. English letters in U.S. newspapers).

Furthermore, comparison of their visual demand showed that
Chinese characters with complexities ranging from 0.54 (least
complex character) to 0.69mm (most complex character) are read-
able at 40 cm. However, English letters need to be larger than
0.39 mm to be readable at 40 cm. The visual demand was also
assessed based on the frequency of each complexity level in all
12 sections of one Chinese newspaper. Consistent with the current
observations, it was noted that Chinese characters need to be larger
than English letters to have the same visibility from the same dis-
tance. It is worth noting that the measuring distance used
(40 cm) is aligned with the near-vision testing distance from the
systematic literature review, which showed that 70% of the clinical
studies in China test near visual acuity at 33 or 40 cm. This result is
also consistent with global procedures and guidelines for standard-
ized visual acuity testing.18–20

Unlike previous studies that used standardized eye charts to
compare visual acuity demand between Chinese and English char-
acters, the current study used newspapers to compare the ability
of subjects to perform a common visual task in both Chinese and
English and is therefore reflective of individuals' quality of life.
Zhang et al.8 investigated the legibility of written Chinese charac-
ters and developed a reliable way to evaluate functional vision in
Chinese readers. Their data were used to predict subjects' ability
to read Chinese newspapers. Print size for Chinese newspapers
was compared with DeMarco and Massof15; newsprint sizes are
variable across different sections, including from headline to main
text.15 Therefore, the selection of newspapers as amedium for near
visual testing also allowed for visual acuity assessment across dif-
ferent character sizes in the current study.

Interestingly, Wang et al.6 recently evaluated Chinese and
English reading performance by measuring reading speed as a func-
tion of font size in a group of Chinese college students fluent in
both languages. The investigators designed and used equivalent vi-
sual acuity charts in Chinese and English and measured reading
speed in both languages. Although reading speed in Chinese was
faster than in English, the critical acuity reserve was identical at
3.4 in both languages. In other words, regardless of language,max-
imum reading speed was attained for character sizes 3.4 times
larger than the size threshold.6 The acuity reserve for the Chinese
newspapers evaluated in the present study ranged from 3.55 to
4.61. This implies that the median character size in Chinese news-
papers is always greater than the critical acuity reserve reported by
Wang et al.,6 and thus, maximum reading speed should be possi-
ble for patients with normal visual acuity. Likewise, Cheung et al.11

developed and evaluated a Chinese reading chart for children. In
169 children, they found that mean reading acuity was 0.05
logMAR and critical print size for reading was 0.35 logMAR. In
other words, acuity reserve would need to exceed 0.3 log units or
2.0 for maximum reading speed. Again, the acuity reserve for the
Chinese newspapers evaluated in the present study exceeded this
value. The acuity reserve calculated for U.S. newspapers ranges
from 2.96 to 4.44, which is similar but slightly lower than that
for Chinese newspapers. A reasonable inference from our compar-
ison of acuity reserve is that print in Chinese newspapers should be
at least as legible as that in U.S. newspapers and likely more legible,
www.optvissci.com Optom Vis Sci 202
although we did not make our subject comparisons with statistical
analysis. Data collected from English-speaking subjects can thus
be applied to Chinese populations—reading performance and satis-
faction should be at least as good.

This study is not without limitations. The angular thresholds for
Chinese and English characters are based on a previous study of
young subjects. It is important to note, however, that the thresholds
were measured in the same subjects. Although the data might rea-
sonably be extrapolated to older subjects with normal vision, ex-
tending our findings to visually impaired patients might require
some caution. Another limitation of this study is the assumption
of no general differences in the resolution acuity of a subject who
reads Chinese versus English. In this study, the acuity was referring
only to symbol acuity. The font type of the newspapers measured in
this study was Songti , which is commonly used in most of
newspapers in China for historical reasons—Songti was originally
named and used for printing in old China. In contrast, the font used
by Zhang et al.8 was standard bold Heiti font, which has a relatively
constant stroke width, although is thinner for more complex char-
acters (Fig. 2). Thus, the main difference between Songti and Heiti
is evenness of the stroke width. The potential impact on legibility is
likely to be minimal based on previous research on English text,21,22

although it needs to be evaluated for Chinese characters. News-
paper was the medium used in this study because it represents a
basic daily activity with easy access; however, the contrast of the
print and crowding might have an impact on legibility and reading
speed, although the effect is likely to be modest.23 As previously
noted, thresholds for Sloan letters and newspaper print may not
be identical, although the difference is in the order of 0.02
logMAR.24 Further studies might include testing multiple reading
materials and making direct comparisons within a group of sub-
jects. Finally, we did not measure reading performance in the pres-
ent study. Although reading speed shows a robust relationship with
font size, future studies could measure it to validate the conclu-
sions based on acuity reserve.

China is the most populous nation in the world and has a large
aging population.25,26 Age-related visual decline is common and
will also bring about increased usage of intraocular lenses and
other vision aids. For such interventions to be useful, it is important
that they be tested appropriately, especially for performing daily vi-
sual activities including reading. Results from the current study
demonstrate that, irrespective of the language, the visual acuity
testing approach and distance adopted in the United States may
be applied to the Chinese population. Furthermore, although Chi-
nese characters are more complex (vs. English), they are usually
printed larger than standard English characters.

Although Snellen charts are widely used, the majority of oph-
thalmologists prefer logMAR visual acuity charts instead.20,27,28

Therefore, in the current study, the visual acuity for each Chinese
character complexity level was converted and presented as logMAR.
Also, despite the rise in the use of digital media, we chose to use
print newspapers to evaluate visual acuity demand in Chinese. The
current study used five local newspapers printed in simplified Chi-
nese from Tianjin, which were evaluated by only two investigators.
These factorsmay present some variations, and therefore, the results
should be interpreted appropriately. It is, however, important to note
that the simplified (versus traditional) Chinese characters used in
the study are widely used in mainland China.

Overall, results from the current study show that characters in
Chinese newspapers are larger than English letters in U.S. news-
papers at the same reading distance. Assuming the same reading
0; Vol 97(10) 869
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distance, the larger character size compensates for the greater
complexity of Chinese characters leading to an acuity reserve
that is similar to that for U.S. newspaper print. Furthermore, with
www.optvissci.com Optom Vis Sci 202
respect to clinical studies, data on visual performance from
English-speaking populations might be reasonably applied to
the Chinese population.
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