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Abstract: Purpose: Poor vision is prevalent in school-aged students, especially in East Asia. This can
not only cause irreversibly physical health impairments like glaucoma and cataracts, but also the
loss of individual education and employment opportunities and deterioration of the quality of
life. The present study aims to investigate the associations between poor vision, vision-related risk
behaviors, and mathematics achievement in youth from China. Methods: The present study included a
total of 106,192 Grade 4 students and 70,236 Grade 8 students from the China National Assessment of
Educational Quality-Physical Education & Health 2015 (CNAEQ-PEH 2015). We conducted a standard
logarithmic visual acuity scale for vision screening, a self-reported questionnaire for vision-related
risk behavior and a standardized mathematics assessment for mathematics performance. Poor vision
is defined as the visual acuity below 5.0 by using the standard logarithmic visual acuity chart. Linear
regression was conducted. Results: The prevalence rate of poor vision in China was 37.1% in Grade
4 and 66.2% in Grade 8 in 2015. Students who had poor vision were more likely to have better
mathematics achievement than those with normal vision. Reading in bed, insufficient sleep, and screen
time during weekdays and weekends were associated with higher odds of poor vision. Conclusions:
Poor vision was positively associated with mathematics academic achievements, while vision-related
risk behaviors such as screen time, homework time and reading in bed were associated with a high
prevalence of poor vision in compulsory education cycle students.

Keywords: vision health; primary school students; mathematics achievement

1. Introduction

Poor vision is recognized as an impairment caused by an interaction of genetic and acquired
factors. Poor vision is defined as the visual acuity below 5.0 by using the standard logarithmic visual
acuity chart. Poor vision is essentially an impaired sensory system that can quickly develop from
slight impairment to a severe one in children [1] and is one of the important causes of preventable
blindness in adults. Poor vision can be a prolonged and progressive disability in individuals, can have
harmful effects on students’ academic performance, education potential, fundamental movement
skills, physical fitness, and mental health [2,3], and results in a substantial burden on society [4].
Recent evidence has demonstrated that school-age students are a particularly vulnerable group since
refractive errors and myopia are highly prevalent in school-age students [5,6], especially in Asia.
The highest prevalence is found in East China, a study in 2004 showed that the prevalence of myopia is
73.1% in school-age children (aged 5–15) in china [7]. Though inheritance and family characteristics,
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including a family history of high myopia [8], parental myopia, sex [9], and birth order [10], are crucial
influential indicators, most epidemiological studies have demonstrated the significant impact of
behavioral factors on individuals’ vision health. The behavioral factor is a modifiable domain to
decrease exposure to the prevalent risk factors for poor vision and slow down the injury process
leading to blindness.

Educational studies and epidemiological results have documented the high prevalence of poor
vision among school-age students because of exposure to prolonged vision-demanding academic
tasks and prolonged indoor sedentary lifestyles. Studies based on academic burden documented that
students spent most of their school time sedentary with nearly 70% of total school daily time engaged in
demanding academic tasks requiring visual input [11]. Students perform reading, writing, sustaining
focus, and other relevant tasks in a crowded academic schedule oriented toward achievement tests
and national assessments. Students who spend additional time learning, reading and writing are at a
higher risk of poor vision than their peers. Surveillance results demonstrated that the average daily
time spent on homework and sustained eye focus for 30 min without a break were risk factors for poor
vision [12,13]. Some previous studies documented that a higher prevalence of myopia is associated
with female sex [6,14]. According to the conclusion of these studies, girls are more likely to engage in
indoor close-up reading activities, and lack of outdoor physical activity, which may explain why girls
are more prone to poor vision [15].

The relationship between poor vision and academic achievement has long been debated.
According to the evidence of some cross-sectional studies and some follow-up studies, a positive
association between poor vision and academic performance has been proposed. Rosário found
a correlation between mathematics homework and mathematics academic achievement [16].
In a Singapore cohort study, Saw and his colleagues reported that performance in mathematics,
English language, native language, and average examination scores were associated with myopia,
even after adjusting current reading and IQ test scores, students (aged from 10 to 12-year-olds) who
scored better academically were struggling with more severe vision impairments than their peers [17].
The association between poor vision and academic performance may due to the academic-related
duration students daily paid. Children who spend more time reading or writing on academic-related
tasks may perform better in school tests. In addition, performance in school tests may reflect the total
amount of time spent in reading and writing [18].

However, the following latest results from education follow-up studies and epidemiological
studies suggested an inconsistent association between academic achievement and vision impairment,
students with poor vision may performance even worse than their peers with healthy vision.
After controlling several characteristics of the children and their families, data from Young Lives sample
showed a significant negative effect of poor visual acuity on mathematics tests, marginally significant
for vocabulary by analyzing children aging from 7 to 8 in Peru [19]. Similar results were reported in
English learning performance [20]. A prospective cohort study showed that a better visual acuity in
seventh grade was significantly associated with higher ninth-grade scores [21], which suggested an
interfere with education potential from visual impairment. The adverse association between poor
vision and academic performance may be due to the educational inequity caused by poor vision.
The majority of vision impairment are due to refractive error (e.g., myopia), which can be effectively
addressed with properly-fitted eyeglasses. However, Due to the insufficient attention of students and
their parents to visual health, the eyeglasses are taken up at low rates [22,23]. Some researchers claimed
that, when uncorrected, the refractive errors can cause symptoms of blurred vision, ghosting, headache,
asthenopia, and can also potentially have a negative impact on visual performance while doing
academic-related tasks [24]. In fact, the vision impairment of some students is not caused by refractive
error, but by amblyopia and other eye diseases. Their best-corrected visual acuity are still below the
normal standard, and it is more difficult than other students in preforming academic-related behaviors.
They are observed in the disadvantages of changing visual attention rapidly from workbooks to
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the board, distinguishing colors for important information, and performing movements demanding
hand-eye coordination [2,3].

The inconsistent results of the association between poor vision and academic performance are
generally accounted for the variation among sample size, nation of samples, age of samples, and also
the assessment tools for visual acuity and academic achievement. Based on an integrated view of
pathogenic factors and protected factors, visual acuity effects on academic performance is mediated
by pathogenic factors, such as duration of close-visual tasks, reading habits, and screen duration,
and protectable factors, such as physical activity habits. This hypothesis obtained support from the
data analysis procedure and results from the Young Live sample in Peru [19] suggested that the
descriptive statistics were not sufficient to investigate the correlations between academic performance
and vision health. Path analysis or logistic regression analysis is appropriate to understand the essential
correlation between academic performance and vision impairment by including some behavioral
habits of students as control variables.

Based on the epidemiological evidence, a healthy lifestyle seems to be an important factor in
vision impairment prevention, and these factors include reading and writing habits, academic burden,
outdoor physical activity, sleeping, and other vision input-related habits. Reading and writing habits
and academic burdens are crucial influential factors for visual health, while outdoor physical activity,
sleeping, and vision input-related habits are recognized as protective factors. School-based studies
have proposed close-up reading and prolonged screen watching as the key factors that impair students’
vision [25]. Surveillance results from Changsha in China proposed that reading and writing distances
of less than 1 foot between the eyes and the reading and writing materials, reading in a moving vehicle,
and sustained eye focus for 30 min without a break are risk factors for poor vision [12]. In addition
to the learning burden, average daily sleeping time, the average daily time spent on homework, age,
and average daily TV time also been reported as positively associated with poor vision in students
aged from 9 to 18 from Yunnan Province in China [13]. Similar results of these positive associations
between visual-related risk behaviors and visual health have also been observed in school-age students
in Beijing [6] and Zhejiang Province [26].

Though some existing studies have investigated the underlying correlations between visual health
and vision-related risk behaviors and the correlations between visual health and academic performance
separately, an integrated investigation that included visual screening results, vision-related behaviors,
and academic performance remains to be conducted. Also, previous large studies on vision health
either lacked a national representation or failed to use standardized measures. Also, the high prevalence
of poor vision in students from China indicates that Asia students obtain some specific potential factors
that increase their vision impairment risk. Previous studies have investigated the socioeconomic and
epidemiological effects of vision impairment in Chinese students at the province level, but poor vision
prevalence at the national level and the associations between poor vision, vision-related risk behaviors,
and academic achievements are sparse.

The China National Assessment of Education Quality (CNAEQ) is the largest continuing and
nationally representative education quality assessment in China with authorization from the Ministry of
Education of the People’s Republic of China (MOE of PRC) [25]. It targeted Grade 4 students in primary
school and Grade 8 students in middle school as the representative populations to ensure a general
acquaintance with their learning environment and learning mode, an accurate assessment of reading
comprehension, and a reliable measure of written expression. It comprehensively integrates students’
academic performance, daily behaviors, and learning environment, including teacher-related and
institution-related behaviors. The academic performance included the essential disciplines of language,
mathematics, science, art, physical education and health, and morality. The students’ daily behaviors
included the physical activity-related healthy lifestyle, learning habits and experience, time spent
on learning-related events, student-teacher relationships, and attitudes from parents. The learning
environment included learning opportunities, teaching quality, and support from the school and social
environment. The assessment schedule contains a 3-year assessment period with two disciplines
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each year to continuously provide cross-sectional and longitudinal data of academic achievement
and physical fitness, to determine the current implementation of education in primary school and
middle school and to periodically explore the facilitators and barriers in the current education system
throughout China. There are two disciplines assessed in a particular year, thus, those two assessments
share the same sample, and the underlying correlations between can be analyzed. In 2015, China began
its first period of the CNAEQ, physical education (PE) and health, titled China National Assessment
of Education Quality-Physical Education & Health (CNAEQ-PEH), was assessed at the same time
as mathematics, titled China National Assessment of Education Quality-Mathematic (CNAEQ-MA).
Further details are described at https://eachina.changyan.cn/ or in Wu et al. [27].

The current study employed some assessment results of the CNAEQ-PEH and CNAEQ-MA
from their shared sample and explored the associations between poor vision, risk behaviors,
and consequences of poor vision on mathematics achievement. The data analysis was based on
students’ eye-screening results, standardized mathematics achievement results, and results from
the lifestyle-related, self-reported questionnaires of the CNAEQ-PEH 2015 and CNAEQ-MA 2015.
It is oriented to provide an overview of poor vision prevalence in Grade 4 and Grade 8 students
in China and new evidence of an association between vision health, vision-related risk behaviors,
and mathematics achievement. The findings provide important insights into the health and wellbeing
of students with poor vision in China and help to investigate the underlying correlations between poor
vision, vision-related risk behaviors, and mathematics achievements, enriching the literature on the
relationship between visual health and academic achievement in children and adolescents.

2. Materials and Methods

2.1. Data Source

Data in the present study were obtained from the first assessment cycle of the CNAEQ, including
the, administered on 18 June 2015. The overall effective sample size is 111,173 Grade 4 students from
4015 elementary schools and 72,243 Grade 8 students from 2461 middle schools across 323 counties in
China. The CNAEQ-PEH consists of a battery of field tests for physical fitness and health and a specific
indicator questionnaire oriented for activity-related healthy lifestyles and relevant health-related habits.
A vision screening is included in the field test battery to estimate the students’ visual accuracy because
of the high prevalence of poor vision and its progression at young ages. Reading habits, screen time,
and sleep duration are included in the questionnaires as measures of health-related indicators.
The CNAEQ-MA consists of a standardized mathematics achievement assessment and a specific
questionnaire for indicators. Homework time is a measure oriented to describe the learning effort but
also a sensitive indicator to partly estimate the daily duration of close-visual tasks. This analysis finally
enrolled 106,192 Grade 4 students aged 9–11 years old and 70,236 Grade 8 students aged 13–15 years old
into data analysis (age, mean ± SD, 10.38 ± −0.54 in Grade 4 students, 14.43 ± 0.59 in Grade 8 students;
gender, proportion of boys, 52.8% in Grade 4 students, 53.2% in Grade 8 students).

2.2. Measures

2.2.1. Visual Acuity

In the current study, a standard logarithmic visual acuity chart [28] with a lightbox was used to
examine students’ visual acuity. Standard logarithmic visual acuity chart was designed by a Chinese
researcher, which has been used uniformly in china since 1990. The standard logarithmic visual acuity
chart uses a five-point notation in a range from 4.0 to 5.3 [29]. This vision chart was composed of
14 rows of optotypes with 24 mm line spacing. Each optotype was a squared “E” with all paths equal
in width and length, rotated 90 degrees in 4 different orientations. The optotypes increased in size
with a geometrical progressive rate from the bottom to the top row. In the standard logarithmic visual
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acuity chart, there’s a record on the right of each optotype, which represents the result of one’s visual
acuity. A picture of the standard logarithmic visual acuity chart is shown below (see Figure 1).
Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 5 of 19 

 
Figure 1. The Standard Logarithmic Visual Acuity Chart. 

Students were tested individually by opticians or trained school doctors following standard 
logarithmic vision tests to eliminate any interference and to avoid inaccurate inspection results. 
Students were asked to stand 5 m away from the vision chart, and the row representing the 5.0 score 
is equal to the student’s eye level. During the vision test, students cover one eye and identify the 

Figure 1. The Standard Logarithmic Visual Acuity Chart.
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Students were tested individually by opticians or trained school doctors following standard
logarithmic vision tests to eliminate any interference and to avoid inaccurate inspection results.
Students were asked to stand 5 m away from the vision chart, and the row representing the 5.0 score
is equal to the student’s eye level. During the vision test, students cover one eye and identify the
direction of the open side of “E” with one eye. Students can use language or gestures to indicate the
direction of the open side. The tester should use a stick to randomly point to an optotype in the row
that represents the score of 5.0. If the number of mistakes reaches 2, the tester will check the upper
row. Instead, the tester will check the next row if the number of mistakes is less than two. In the same
way, there should be no one mistake in each row representing 4.0–4.5. No more than 2 mistakes can
be admitted in each row representing 4.6–5.0, and no more than 3 mistakes in each row representing
5.1–5.3. If the student fails to meet this standard, the test is terminated and the score on the preceding
row is recorded as the student’s vision acuity. The worse score from either eyes was used for the
analysis in this study. According to the criteria from the National Survey and Research Manual on
Students’ Physical Fitness and Health [30] in China, screening results were divided into four levels,
including normal (≥5.0), mild poor vision (4.8~4.9), moderate poor vision (4.6~4.7), and severe poor
vision (≤4.5). The worst score from either eye was used for the study analysis.

The standard logarithmic visual acuity chart is only widely used in China. In order to compare
with other research results, we listed the conversion formula of visual acuity score below [31]:

L = 5 + logd/D

where L = the visual acuity score of the standard logarithmic visual acuity chart, d = the distance
between the chart and the person’s eye and D = the furthest distance that a person with normal vision
can see the optotype.

2.2.2. Behavior

Data on reading habits, screen time, homework time, and sleep duration were included in the
analysis. Students were asked to respond to multiple-choice questions. The question of reading habits
was 1 item that surveyed the frequency of reading in bed in daily life. The response options were as
follows: (1) never; (2) sometimes; (3) often, and (4) always. The screen time survey included two items.
One focused on average daily screen time on weekdays, with the options of 0 min, 1–30 min, 31–60 min,
1–2 h, 2–3 h, and above 3 h. The other focused on average daily screen time on weekends, with the
options of 0 min, 1–30 min, 31–60 min, 1–2 h, 2–3 h, 3–5 h, and above 5 h. The homework time spent on
math homework during weekdays was surveyed in 1 item with options of no homework, 1–15 min,
16–30 min, 31–60 min, 1–2 h, and above 2 h. Sleep duration was calculated from 2 self-reported items.
One item surveyed the daily wake-up time while the other item surveyed the daily go-to-bed time.
According to the guidelines provided by the Chinese MOE for a healthy lifestyle in school-age students,
primary school students should sleep for 10 h each day, while middle school students should sleep
for 9 h each day. We recorded the sleep duration of students into the dichotomous variables of sleep
sufficiency and sleep insufficiency.

2.3. Mathematics Achievement

Mathematics achievement came from a test developed by mathematics teachers and experts
in mathematics education and educational measurement. The test involved three content strands
including (1) numbers & algebra, (2) space & shape, and (3) statistics & uncertainty. The internal
consistency of the booklets was 0.85 to 0.88. Each of the test booklets was composed of twelve
multiple-choice items and six to nine construct response items. The Rasch model and concurrent
calibration were used to link scores of different test booklets to an identical scale provided by Conquest
1.1 [32]. The item difficulty ranged from −2.84 to 3.56 logits. A new scale was generated ranging from
229 to 768 with a mean of 500 and a standard deviation of 100.
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2.4. Statistical Analyses

The descriptive statistics were calculated using SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA)
and presented as the means and standard deviations or percentages (%) in the forms of tables and charts
to show the prevalence and relations between poor vision and related behaviors. Adjusted standardized
residuals for post-doc testing of chi-square were also shown.

Furthermore, a linear regression was conducted to investigate the reciprocal associations among
the variables, which used a smaller sample compared to the descriptive analysis due to the rotation
design. CNAEQ employed a rotation design [33] to interchange sample scale and time demands by
reducing the individual questionnaire response time. The questionnaire included three Forms (A, B, C),
and one was randomly assigned to each student. Thus, about 10 per school for each form. Details could
be seen in Wu et al. [27]. Therefore, we only included students assigned to Form A into the regression
model because only Form A included all the variables needed in the study. For accuracy reasons,
we only included the sample from Grade 8 and excluded instances with any missing information.
The final sample size included in the regression model was 22,402.

The sample information and descriptive statistics of the variances included in the current model
were presented as means and standard deviations for scale variables, including academic performance,
SES, and age, while the nominal and ordinal variables were presented as percentages (%), including
sex, age, and school location, homework hours, reading in bed, and screen time during weekdays
and weekends. Linear regression was conducted to investigate the reciprocal associations among
the variables.

3. Results

Vision screening results showed that poor vision in 37.1% of the student in Grade 4, and 66.2%
of those in Grade 8. With the increase of age, the prevalence of poor vision tended to increase
significantly. The rates of poor vision at different levels also varied among students of different grades.
The proportion of moderate poor vision was highest among the fourth graders, while the highest
proportion of poor vision was severe poor vision among the eighth graders. Girls were more susceptible
than boys with a higher prevalence and a higher proportion of severe poor vision. Details can be seen
in Tables 1 and 2.

The analysis between poor vision and vision-related risk behavior characteristics that included
reading in bed, sleep time and average screen time during weekdays and weekends (see Tables 1 and 2)
suggested that students who reported a more frequent reading in bed behavior tended to have poor
vision, especially in Grade 8. In 2017, China’s Ministry of Education issued the Standards for the
Management of Compulsory Education Schools, which set requirements for sleep time for primary
and secondary school students [34]. Students who failed to foster sleeping time standards set by the
government tended to have poor vision, especially among the eighth graders. In the analysis of the
effect of screen time on poor vision, we found that the students who had less screen time during
weekends tended to have better vision. The post-doc testing results also confirmed and provided more
detailed information.

In the analysis on the relationship between homework hours and mathematics achievement,
an inverted U curve-like association could be observed between homework hours and mathematics
achievements. There was a point that divides the trend of the association between vision and
mathematics achievement. students of Grade 8 who spent 31–60 min on mathematics performed best
in the mathematics assessment but had the lowest percentage of normal vision. There was a similar
trend among the students of Grade 4, but the critical point was 15–30 min. Details can be seen in
Figures 2 and 3.

Before conducting the linear regression, we analyzed the characteristics of sample and the
correlation between variables. The analysis results were shown in Tables 3 and 4.
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Table 1. Poor Vision and Risk Behavior Characteristics of Grade 4 Students by Sex.

Variables
Boys Girls Total

1 a 2 3 4 1 2 3 4 1 2 3 4

Poor vision 65.10% 9.10% 16.70% 9.20% 60.50% 10.00% 18.90% 10.60% 62.90% 9.50% 17.70% 9.90%
Reading in bed

never 66.10% 9.20% 16.20% 8.50% 62.20% 10.20% 18.10% 9.60% 64.10% 9.70% 17.20% 9.10%
(5.1) b (−0.6) (−2.9) (−4.1) −6.8 −0.1 (−3.5) (−6.4) −7.8 (−0.1) (−4.2) (−7.1)

sometimes 63.50% 9.40% 17.30% 9.80% 58.70% 10.30% 19.30% 11.60% 61.30% 9.80% 18.30% 10.60%
(−4.7) −0.8 −2.4 −3.8 (−5.7) −0.7 −2.4 −5.4 (−7) −0.9 −3.2 −6.3

usually 64.40% 9.00% 17.20% 9.40% 57.90% 7.80% 22.00% 12.40% 61.80% 8.50% 19.10% 10.60%
(−0.3) (−0.2) −0.3 −0.3 (−1.6) (−2.3) −2.4 −1.7 (−0.9) (−1.8) −1.7 −1.1

always 61.80% 8.60% 19.10% 10.50% 51.90% 9.30% 23.70% 15.10% 58.40% 8.80% 20.60% 12.10%
(−1.5) (−0.6) −1.4 −1.1 (−3) (−0.5) −2.1 −2.6 (−2.6) (−0.9) −2.2 −2.2

Sleep time
less than 7 h 66.70% 10.20% 15.60% 7.50% 73.60% 7.90% 13.10% 5.40% 69.10% 9.40% 14.70% 6.80%

−0.9 −0.7 (−0.8) (−1.2) −4.1 (−1.2) (−2.2) (−2.5) −3.5 (−0.3) (−2.1) (−2.6)
7~8 h (inc 7 h) 68.60% 8.80% 15.60% 7.10% 63.30% 9.70% 17.80% 9.20% 66.50% 9.10% 16.50% 7.90%

−3.1 (−0.6) (−1.4) (−2.8) −1.9 (−0.5) (−0.8) (−1.4) −3.9 (−0.9) (−1.7) (−3.2)
8~9 h (inc 8 h) 67.40% 9.40% 15.90% 7.40% 63.00% 9.90% 17.80% 9.30% 65.40% 9.60% 16.80% 8.30%

−5.4 −0.4 (−2.6) (−6) −4.6 (−0.7) (−2.3) (−3.6) −7.3 (−0.3) (−3.6) (−6.9)
9~10 h (inc 9 h) 63.50% 9.30% 17.40% 9.80% 59.10% 10.40% 19.40% 11.00% 61.30% 9.90% 18.40% 10.40%

(−3.6) −0.2 −2.2 −3 (−4.3) −1.7 −2.3 −2.2 (−5.9) −1.5 −3.4 −3.8
more than 10 h (inc 10 h) 63.70% 9.10% 17.10% 10.00% 60.10% 9.90% 18.90% 11.00% 62.00% 9.50% 18.00% 10.50%

(−2.1) (−0.5) −0.6 −3.3 (−0.5) (−0.9) −0.1 −1.5 (−1.8) (−1) −0.5 −3.4
Standard sleep time

less than 10 h 64.90% 9.30% 16.90% 8.90% 60.40% 10.20% 18.90% 10.50% 62.70% 9.80% 17.90% 9.70%
−2.1 −0.5 (−0.6) (−3.3) −0.5 −0.9 (−0.1) (−1.5) −1.8 −1 (−0.5) (−3.4)

10 h or more 63.70% 9.10% 17.10% 10.00% 60.10% 9.90% 18.90% 11.00% 62.00% 9.50% 18.00% 10.50%
(−2.1) (−0.5) −0.6 −3.3 (−0.5) (−0.9) −0.1 −1.5 (−1.8) (−1) −0.5 −3.4

Average screen time
during weekdays

0 min 63.30% 9.20% 17.40% 10.10% 60.20% 9.90% 19.20% 10.70% 61.70% 9.50% 18.30% 10.40%
(−4.1) (−0.2) −2 −4.4 (−0.6) (−1.4) −1.5 −0.4 (−3.9) (−1) −2.8 −3.7

1–30 min 65.10% 9.10% 17.00% 8.70% 60.60% 10.30% 18.50% 10.70% 62.80% 9.70% 17.70% 9.70%
−1.2 (−0.5) −0.6 (−2.2) −0.6 −0.6 (−1.4) −0.3 −0.7 −0.3 (−0.3) (−1.1)

30 min–1 h 63.20% 9.90% 17.10% 9.80% 58.00% 10.50% 19.80% 11.70% 61.10% 10.20% 18.20% 10.60%
(−2.4) −1.8 −0.4 −1.7 (−3) −0.6 −1.6 −2.1 (−3.1) −1.5 −0.9 −2.3

1–2 h 68.80% 8.70% 15.20% 7.30% 63.70% 11.10% 17.40% 7.80% 66.80% 9.60% 16.10% 7.50%
−4.3 (−1) (−2.2) (−3.2) −2.7 −1.2 (−1.4) (−3.7) −5.6 (−0.2) (−2.9) (−5.1)
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Table 1. Cont.

Variables
Boys Girls Total

1 a 2 3 4 1 2 3 4 1 2 3 4

2–3 h 67.80% 9.70% 14.00% 8.50% 59.70% 10.20% 17.60% 12.40% 65.10% 9.90% 15.20% 9.80%
−2.3 −0.6 (−2.8) (−0.8) (−0.4) −0.1 (−0.8) −1.5 −2.2 −0.3 (−2.9) (−0.1)

over 3 h 68.20% 9.00% 15.60% 7.30% 65.40% 9.20% 18.20% 7.20% 67.40% 9.00% 16.30% 7.20%
−3 (−0.4) (−1.4) (−2.8) −2.5 (−0.7) (−0.4) (−2.8) −4.8 (−1.1) (−1.9) (−4.3)

Average screen time
during weekends

0 min 69.50% 8.60% 13.60% 8.20% 66.50% 9.70% 15.70% 8.20% 67.80% 9.20% 14.80% 8.20%
−7.6 (−1.6) (−6.5) (−2.5) −10.9 (−1.4) (−7) (−6.9) −12.3 (−1.8) (−9.1) (−6.5)

1–30 min 65.40% 9.30% 16.10% 9.20% 59.60% 10.00% 19.50% 11.00% 62.30% 9.70% 17.90% 10.20%
−1.9 (−0.1) (−2.4) −0.2 (−2.5) (−0.7) −2.4 −1.7 (−1.6) (−0.2) −0.7 −1.9

30 min–1 h 61.60% 9.40% 19.40% 9.60% 57.70% 10.30% 19.90% 12.10% 59.80% 9.80% 19.60% 10.80%
(−6.5) −0.5 −6.7 −1.4 (−5.1) −0.4 −2.6 −4.4 (−8) −0.6 −6.5 −4

1–2 h 62.70% 9.00% 17.90% 10.40% 57.60% 10.80% 20.20% 11.30% 60.60% 9.80% 18.90% 10.80%
(−3.1) (−0.8) −2.2 −3.1 (−3.7) −1.4 −2.3 −1.5 (−4.2) −0.2 −2.8 −3

2–3 h 64.00% 9.60% 17.20% 9.20% 60.30% 10.60% 19.00% 10.10% 62.60% 10.00% 17.90% 9.50%
(−0.9) −0.6 −0.7 0 (−0.1) −0.8 −0.2 (−0.8) (−0.1) −0.7 −0.3 (−0.8)

3–5 h 65.50% 9.80% 15.90% 8.80% 60.60% 10.60% 18.30% 10.50% 63.90% 10.10% 16.60% 9.40%
−0.8 −0.9 (−1.3) (−0.6) −0.1 −0.5 (−0.5) (−0.1) −1.6 −0.7 (−1.8) (−1)

over 5 h 66.10% 9.90% 16.70% 7.30% 62.60% 10.30% 17.30% 9.80% 65.20% 10.00% 16.90% 8.00%
−1.3 −1 (−0.2) (−3.1) −1.2 −0.1 (−1.1) (−0.7) −2.8 −0.6 (−1.3) (−3.5)

a 1 = normal vision, 2 = mild poor vision, 3 = moderate poor vision, 4 = severe poor vision; b Adjusted standardized residuals for post-doc testing of chi-square, considered as significant
when absolute values were above 3.

Table 2. Poor Vision and Risk Behavior Characteristics of Grade 8 Students by Sex.

Variables
Boys Girls Total

1 a 2 3 4 1 2 3 4 1 2 3 4

Poor vision 38.50% 6.90% 22.30% 32.30% 28.50% 7.00% 24.40% 40.20% 33.80% 6.90% 23.20% 36.00%
Reading in bed

never 46.10% 7.20% 20.40% 26.20% 31.70% 7.40% 24.10% 36.90% 40.60% 7.30% 21.80% 30.30%
(15) b −1.6 (−4.6) (−12.4) −5 −1.3 (−0.8) (−4.6) −17.2 −2 (−4.6) (−14)

sometimes 36.90% 6.60% 23.00% 33.50% 28.70% 6.90% 24.70% 39.70% 32.70% 6.80% 23.90% 36.60%
(−6.8) (−1.5) −2.8 −5.4 −0.6 0 −0.7 (−1.1) (−6.6) (−1.1) −3 −4.5

usually 28.50% 7.20% 24.00% 40.30% 22.90% 6.40% 25.50% 45.20% 25.70% 6.80% 24.80% 42.80%
(−10.1) −0.8 −1.9 −8.4 (−6.2) (−1.1) −1.1 −5.3 (−11.9) (−0.2) −2.2 −9.9
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Table 2. Cont.

Variables
Boys Girls Total

1 a 2 3 4 1 2 3 4 1 2 3 4

always 28.30% 5.00% 24.90% 41.80% 21.30% 5.20% 19.00% 54.50% 25.00% 5.10% 22.20% 47.80%
(−4.4) (−1.5) −1.2 −4.3 (−3.2) (−1.4) (−2.5) −5.8 (−5.3) (−2.1) (−0.9) −7.1

Sleep time
less than 7 h 35.50% 6.90% 22.30% 35.30% 25.40% 6.10% 23.90% 44.60% 29.90% 6.50% 23.20% 40.40%

(−2.6) −0.3 (−0.1) −2.7 (−3.3) (−1.5) (−0.8) −4.6 (−5.2) (−0.9) (−0.4) −6
7~8 h (inc 7 h) 36.70% 7.30% 22.10% 34.00% 27.10% 7.40% 24.80% 40.60% 31.70% 7.30% 23.50% 37.40%

(−3.4) −1.7 (−0.8) −3.3 (−3) −2.2 −0.5 −1.2 (−5.8) −2.7 −0.1 −4.2
8~9 h (inc 8 h) 38.40% 6.60% 22.90% 32.10% 29.30% 6.80% 24.20% 39.70% 34.20% 6.70% 23.50% 35.60%

(−0.1) (−1) −1.6 (−0.8) −2.3 (−0.7) (−1.1) (−0.9) −2 (−1.2) −0.2 (−1.6)
9~10 h (inc 9 h) 41.90% 6.50% 21.60% 30.00% 30.60% 6.20% 26.10% 37.10% 37.40% 6.40% 23.40% 32.80%

−4.8 (−0.9) (−1.3) (−3.4) −2.6 (−1.4) −1.9 (−3.3) −6.8 (−1.6) (−0.1) (−5.8)
more than 10 h (inc 10 h) 44.10% 6.70% 23.40% 25.80% 36.30% 9.20% 23.10% 31.40% 41.30% 7.60% 23.30% 27.90%

−2.9 (−0.1) −0.6 (−3.5) −3.3 −1.7 (−0.6) (−3.4) −5.1 −1 (−0.2) (−5.4)
Standard sleep time

less than 9 h 37.50% 6.90% 22.60% 33.00% 28.00% 6.90% 24.40% 40.60% 32.80% 6.90% 23.50% 36.80%
(−5.8) −0.9 −1 −4.6 (−3.7) −0.7 (−1.6) −4.4 (−8.4) −1.2 −0.1 −7.6

9 h or more 42.20% 6.50% 21.90% 29.40% 31.30% 6.60% 25.70% 36.40% 37.90% 6.50% 23.40% 32.20%
−5.8 (−0.9) (−1) (−4.6) −3.7 (−0.7) −1.6 (−4.4) −8.4 (−1.2) (−0.1) (−7.6)

Average screen time
during weekdays

0 min 36.30% 7.10% 22.90% 33.70% 28.50% 6.90% 25.40% 39.20% 32.30% 7.00% 24.20% 36.50%
(−4.1) −0.9 −1.1 −2.8 (−0.1) −0.1 −1.7 (−1.5) (−4.1) −0.8 −2.3 −1.7

1–30 min 37.40% 6.80% 21.90% 34.00% 27.20% 7.10% 24.30% 41.40% 32.10% 6.90% 23.20% 37.80%
(−2.4) (−0.1) (−1.1) −3.6 (−3.1) −0.7 (−0.6) −3.1 (−5.2) −0.4 (−0.9) −5.7

30 min–1 h 39.40% 6.40% 23.10% 31.20% 29.50% 6.90% 23.70% 39.90% 34.80% 6.60% 23.40% 35.30%
−1.1 (−1.3) −1.2 (−1.6) −1.5 (−0.1) (−1.4) (−0.1) −2 (−1) (−0.2) (−1.4)

1–2 h 40.30% 7.00% 21.30% 31.40% 29.20% 6.90% 25.00% 38.90% 35.70% 6.90% 22.90% 34.50%
−2 −0.3 (−1.4) (−1) −0.7 0 −0.5 (−1) −2.9 −0.2 (−1) (−2.2)

2–3 h 39.90% 6.50% 23.80% 29.90% 29.10% 5.80% 25.70% 39.40% 35.70% 6.20% 24.50% 33.60%
−1.1 (−0.6) −1.4 (−2.1) −0.4 (−1.4) −0.8 (−0.4) −2.1 (−1.3) −1.4 (−2.6)

over 3 h 43.40% 7.10% 21.40% 28.10% 32.20% 6.70% 23.20% 38.00% 39.60% 7.00% 22.00% 31.50%
−5 −0.5 (−1.1) (−4.5) −2.9 (−0.3) (−1.2) (−1.5) −7.6 −0.3 (−2.1) (−5.8)

Average screen time
during weekends

0 min 47.50% 8.90% 19.80% 23.90% 37.70% 7.80% 18.80% 35.70% 42.60% 8.40% 19.30% 29.70%
−3.9 −1.7 (−1.3) (−3.9) −4.4 −0.7 (−2.9) (−1.8) −5.7 −1.8 (−3) (−3.9)
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Table 2. Cont.

Variables
Boys Girls Total

1 a 2 3 4 1 2 3 4 1 2 3 4

1–30 min 46.20% 6.40% 20.90% 26.60% 33.20% 7.70% 25.50% 33.60% 38.50% 7.20% 23.60% 30.80%
−7 (−0.8) (−1.6) (−5.4) −5.7 −1.9 −1.2 (−7.2) −7 −0.9 −0.3 (−7.7)

30 min–1 h 40.20% 6.80% 21.50% 31.40% 30.30% 6.80% 23.40% 39.50% 34.60% 6.80% 22.60% 36.00%
−2.1 0 (−1.3) (−1.1) −2.7 (−0.4) (−1.9) (−0.6) −1.6 (−0.2) (−1.8) −0.2

1–2 h 37.00% 6.10% 22.80% 34.20% 25.80% 6.90% 24.40% 42.90% 31.40% 6.50% 23.60% 38.50%
(−2.4) (−2.2) −0.7 −3.1 (−4.5) (−0.1) (−0.3) −4.5 (−5.3) (−1.7) −0.4 −5.7

2–3 h 36.60% 6.60% 22.90% 34.00% 25.60% 6.90% 24.20% 43.20% 31.50% 6.70% 23.50% 38.30%
(−3.3) (−0.8) −1 −3 (−4.8) −0.1 (−0.6) −4.9 (−5.4) (−0.5) −0.2 −5.4

3–5 h 37.20% 7.30% 22.20% 33.30% 27.30% 6.40% 27.00% 39.30% 33.20% 6.90% 24.20% 35.80%
(−2) −1.4 (−0.3) −1.6 (−1.6) (−1.3) −3.3 (−0.7) (−1.3) −0.2 −1.6 (−0.3)

over 5 h 38.40% 7.40% 23.10% 31.10% 30.50% 6.70% 24.60% 38.20% 35.50% 7.10% 23.70% 33.60%
(−0.3) −1.6 −1.3 (−1.8) −2.2 (−0.4) −0.1 (−1.9) −3.3 −1 −0.5 (−4.3)

a 1 = normal vision, 2 = mild poor vision, 3 = moderate poor vision, 4 = severe poor vision; b Adjusted standardized residuals for post-doc testing of chi-square, considered as significant
when absolute values were above 3.
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Figure 2. Mathematics Achievement and Prevalence of Normal Vision Based on Hours of Homework
in Grade 4.

Figure 3. Mathematics Achievement and Prevalence of Normal Vision Based on Hours of Homework
in Grade 8.

After controlling SES, sex, age, and school location as covariates, the linear regression estimated
the associations between visual acuity, academic performance, homework hours, reading in bed,
and screen time during weekdays and weekends. Due to the high correlation (0.700) between parents’
education status and SES, parents’ education status was not included in the regression as in other
research. According to the final analysis results in Table 5, we can see that the students with poor
mathematics achievement have poorer eyesight, and the longer homework time, the worse their vision
will be. The more frequently the student read while lying in bed, the worse the vision will be. The more
average screen time on weekends, the worse the vision was.
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Table 3. Characteristics of the sample included in the analysis.

Variables Mean/Percentage SD

Vision (mean and SD) 4.70 (0.37)
Maths (mean and SD) 503.97 (96.52)

Average maths homework time during weekdays (%)
1. No homework 2.5
2. Within 15 min 11.6

3. 15–30 min 36.4
4. 30–60 min 30.6

5. 1–2 h 14.3
6. Over 2 h 4.6

Average screen time during weekdays (%)
1. 0 min 25.6

2. 1–30 min 31.4
3. 30–60 min 18.2

4. 1–2 h 10.9
5. 2–3 h 6.1

6. Over 3 h 7.8
Average screen time during weekends (%)

1. 0 min 2.0
2. 1–30 min 9.9
3. 30–60 min 16.7

4. 1–2 h 19.7
5. 2–3 h 21.0
6. 3–5 h 15.1

7. Over 5 h 15.5
Reading in bed (%)

1. Never 23.9
2. Sometimes 65.1

3. Usually 9.3
4. Always 1.7

SES (mean and SD) 0.06 (0.98)
Gender (female%) 49.0

Age (mean and SD) 13.94 (0.64)
Location
1. Urban 33.1

2. County 22.0
3. Country 44.9

Table 4. Correlations between variables.

1 2 3 4 5 6 7 8 9

Vision
Maths −0.291

Average maths
homework time

during weekdays
−0.095 0.182

Average screen time
during weekdays 0.047 −0.149 −0.016

Average screen time
during weekends −0.023 0.014 0.027 0.474

Reading in bed −0.095 0.123 0.053 0.083 0.193
SES −0.229 0.321 0.139 0.075 0.118 0.070

Gender −0.116 0.032 0.023 0.117 −0.133 0.072 −0.018
Age 0.094 −0.195 −0.041 0.039 −0.017 −0.044 −0.205 −0.066

Location 0.197 −0.243 −0.113 −0.078 −0.040 −0.056 −0.429 0.022 0.106

All correlations are significant at p < 0.01.
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Table 5. OLS model standardized coefficients for vision.

Standardized
Coefficients

Unstandardized
Coefficients t η2

Maths −0.210 * −0.001 −30.32 0.046
Average maths homework time

during weekdays −0.024 * −0.008 −3.78 0.001

Average screen time during weekdays 0.034 * 0.008 4.66 0.001
Average screen time during weekends −0.024 * −0.006 −3.32 0.001

Reading in bed −0.045 * −0.027 −7.00 0.003
SES −0.115 * −0.043 −15.78 0.106

Gender −0.108 * −0.080 −17.06 0.012
Age 0.008 0.005 1.25 0.001

Location 0.094 * 0.040 13.48 0.007
Observation 22402
R-squared 0.128

F-test 365.699

* p < 0.01.

4. Discussion

In recent times, poor vision has been one of the most prevalent non-communicable diseases in
terms of number, and it progresses into severe poor vision in school-age students in China. The present
study provided an overall description of the prevalence of poor vision in Chinese Grade 4 and Grade 8
students and analyzed the relevant risk behaviors and mathematics achievements’ consequences on
visual acuity based on the sample of Grade 8. Our findings substantiated previous reports that age was
an important factor in poor vision progression and that females were more vulnerable than their male
peers. The present study built on previous work by investigating risk behaviors and supported the
proposal that prolonged academic-related tasks and bad reading habits are positively associated with
poor vision [35]. The analysis of the consequences of vision in the current study suggested a negative
association between vision and mathematics achievements.

Consistent with a previous demographic study, a dramatic increase in poor vision prevalence
between Grade 4 and Grade 8 students indicated a tendency for poor vision being associated with
increasing age in youth [36]. Previous studies have suggested that the prevalence of myopia exceeds
60% among 12-year-olds in China after elementary school, reaches nearly 80% at 16 years old after
junior high school, and surpasses 90% in university students [37,38]. This tendency with age showed
a continuous progression to severe poor vision at the older ages. Besides, girls had worse vision
than boys. This finding was consistent with screenings and relevant surveillance in adolescents [39],
although, to date, no appropriate explanation exists for this gender difference.

Previous studies have observed that students with poor vision were more likely to show poor
academic performance in mathematics and English [20]. This association has been attributed to
impaired visual acuity, which may reduce the capacity for children to perform optimally on visually
demanding tasks, including distance and near changes, near tasks, and computer-based tasks in the
modern classroom [11]. In the present study, there was a positive association between poor vision
and academic performance, which revealed that students with poor vision were more likely to have
better mathematics performance than their peers with normal vision. This result was consistent with
previous evidence from China and other Southeast Asian countries. The inconsistent results from
Southeast Asian countries and Peru could be attributed to the difference between the two countries on
the learning process and learning content. Also, the inconsistent results between the current study and
that of Uysal and Aki [20] are caused by the natural differences between writing and mathematics.

Previous studies have suggested homework time as a measure for learning efforts and obtained
positive associations between homework time, poor vision, and academic performance. In the current
analysis, average math homework time during weekdays, mathematics achievement, and poor vision
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were slightly but significantly associated. The descriptive statistic results suggested that students of
Grade 8 who spent 31–60 min on mathematics performed best in the mathematics assessment but
had the lowest percentage of normal vision. Spending 31–60 min daily for mathematics homework
could be recognized as the critical point that divides the trend of the association between vision and
mathematics achievement. Students who spent less than 30 min on mathematics homework had an
inverse association in that the more time the students spent on homework, the better the mathematics
achievement and the worse the vision impairment was. In contrast, students who spent more than one
hour on mathematics homework showed another inverse association in that the more time students
spent on homework, the worse the mathematics achievement and the less the vision impairment was.
Similar trends were observed in Grade 4 students, but the critical point was 15–30 min. There was not
a simple linear association between homework time and academic achievement, it was unreasonable
to predict academic achievement with homework time. We proposed these non-linear associations
caused the low coefficients. Previous studies suggested a complex correlation between homework and
academic achievement [40]. Further, we proposed this non-linear association of students’ variation in
achievement based on previous analyses of the association between visual acuity, IQ, and academic
achievement [41]. This relationship indicated higher odds of poor vision in students with high
education and academic achievement than in students with higher IQs and assumed a possible learning
strategy of students with average IQs that they spent more time on learning and practice. Unfortunately,
it is a general phenomenon that students in developing countries have sacrificed their vision for
prolonged learning and close-up reading and writing for better academic achievements [42]. It has
been believed that academic achievement was efficient support for youth to gain success in potential
competition leading to a higher social-economic level in the future. In these cases, parents, teachers,
and students themselves should focus on the amount of work needed for learning instead of attending
to protecting the students’ healthy vision. Another explanation about this non-linear association is
the shortage of our present variable. As an education assessment that specific for a certain discipline,
the CNAEQ-MA only assessed the average homework time of mathematics instead of the average
total homework time. Therefore, the estimation of average homework time in the current regression is
not accurate enough to estimate students’ total academic burden. Considering the homework time
allocation of middle school students, students who spend less time on mathematics could be the
students who spent less time on total academic tasks or be the students who spent more time on total
academic tasks than their peers.

Factor analysis results have revealed slight coefficients but significant associations between
vision-related risk behaviors and poor vision. Previous studies have demonstrated inverse associations
between sleep time, screen time, and poor vision. The descriptive results were in line with these
demonstrations in students of Grade 8, but the regression coefficients were lower than we expected.
According to the schedule differences between weekdays and weekends, we varied the responses
of time ranges to investigate the influence of accumulated screen time to understand an accurate
association between screen time and poor vision. There was a decrease in daily screen time in Grade 8
students compared to Grade 4 students since the middle school students spent more time on homework
and extracurricular learning, which also consequently led to a decrease in sleep time. Screen time is
recognized worldwide as a vision-impairing factor. Students who spent more time looking at a screen
were at a higher risk of poor vision. Inconsistent with previous studies, the regression excluded the
sleeping variable for model fitness reason. The descriptive results of students’ sleep duration were
based on the criteria set by government guidance. The criterion for Grade 4 students was 1 h more
sleep than for Grade 8 students. The descriptive results suggested that Grade 8 students with sufficient
sleep had a higher percentage of normal vision than those who failed to follow the recommended
sleep guidelines, which was not observed in Grade 4 students. In that case, the effect of sufficient
sleep on poor vision impairment remains to be discussed. We hypotheses this low coefficient and
insignificant estimation for healthy lifestyle-related factors are protectable factors, which may not gain
equal predictive effect with risk factors.
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Although this study has some limitations, the current results illustrate the influence of
academic-related risk behaviors on students’ vision. We hope that the results of this study will further
promote the joint efforts of government departments, schools, parents and healthcare professionals to
ensure the healthy growth of children. It is essential to realize that the behavior of extending students’
homework time may cause the increasing degree of vision impairment in the future. It should be
ensured that children get enough sleep every day and maintain healthy lifestyle and academic-related
habits, ensuring that children can access to a healthy and happy future.

Limitations

The present study provided the overall prevalence of poor vision among school-aged students in
China and its association with vision-related risk behaviors and mathematics achievements. The study
involved a stratified sample on a large scale with national representation. Though there are significant
associations between poor vision, reading in bed, homework hours, screen time, and mathematics
achievements, this study was not sufficient to determine the cause and effect relationships. The reason
might be the high impact of inheritance on vision. In the present study, we investigated risk behaviors
through academic-related behaviors. However, we included only the mathematics-relevant homework
without accounting for the total time for reading and learning and the reading distance. Though it did
not cover all aspects of visually demanding tasks, there was enough data to associate these tasks with
the poor vision prevalence and the progression to severe poor vision.

5. Conclusions

The prevalence of poor vision in elementary and middle school students was at a high proportion
and progressed to severe poor vision with increasing age. Poor vision was positively associated with
mathematics achievements but harmful to students’ potential educational opportunities. This study
highlighted the importance of vision-related risk behaviors, including avoiding reading in bed,
prolonged homework, and screen time. It also demonstrated the urgent need for integrated vision
screening into an in-school physical assessment at least once per year.

Author Contributions: Data curation, X.H.; formal analysis, S.W.; investigation, L.W.; methodology, S.W.; project
administration, Y.L.; supervision, Y.L.; writing—original draft, X.M., Y.Y. and Y.W.; writing—review & editing,
S.W., X.H. and L.W. All authors have read and agreed to the published version of the manuscript.

Funding: This study is funded by the MOE (Chinese Ministry of Education) Project of Humanities and Social
Sciences (Grant number: No. 16YGC890012).

Acknowledgments: We greatly thank all participating children, young adults, and teachers in the schools.
This study is a part of the national survey National Assessment of Education Quality-Physical Education & Health
(NAEQ-PEH) granted from the Chinese Ministry of Education (MOE). The MOE of China had no role in the
design or conduct of this research. The research was previously presented in a periodic report of the NAEQ-PEH
on 25 July 2018.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bennett, K.P.; Maloney, W. Weighing in on Canadian school-based vision screening: A call for action. Can. J.
Public Health 2017, 108, e421–e426. [CrossRef] [PubMed]

2. White, S.L.J.; Wood, J.M.; Black, A.A.; Hopkins, S. Vision screening outcomes of Grade 3 children in Australia:
Differences in academic achievement. Int. J. Educ. Res. 2017, 83, 154–159. [CrossRef]

3. Yi, H.; Zhang, L.; Ma, X.; Congdon, N.; Shi, Y.; Pang, X.; Zeng, J.; Wang, L.; Boswell, M.; Rozelle, S. Poor vision
among China’s rural primary school students: Prevalence, correlates, and consequences. China Econ. Rev.
2015, 33, 247–262. [CrossRef]

4. Palmer, J.J.; Chinanayi, F.; Gilbert, A.; Pillay, D.; Fox, S.; Jaggernath, J.; Naidoo, K.; Graham, R.; Patel, D.;
Blanchet, K. Mapping human resources for eye health in 21 countries of Sub-Saharan Africa: Current progress
towards VISION 2020. Hum. Resour. Health 2014, 12, 44–60. [CrossRef] [PubMed]

http://dx.doi.org/10.17269/CJPH.108.6062
http://www.ncbi.nlm.nih.gov/pubmed/29120316
http://dx.doi.org/10.1016/j.ijer.2017.03.004
http://dx.doi.org/10.1016/j.chieco.2015.01.004
http://dx.doi.org/10.1186/1478-4491-12-44
http://www.ncbi.nlm.nih.gov/pubmed/25128163


Int. J. Environ. Res. Public Health 2020, 17, 8561 17 of 18

5. Xiao, O.; Morgan, I.G.; Ellwein, L.B.; He, M. Prevalence of amblyopia in school-aged children and variations
by age, gender, and ethnicity in a multi-country refractive error study. Ophthalmology 2015, 122, 1924–1931.
[CrossRef] [PubMed]

6. You, Q.S.; Wu, L.J.; Duan, J.L.; Luo, Y.X.; Liu, L.J.; Li, X.; Gao, Q.; Wang, W.; Xu, L.; Jonas, J.B.; et al. Prevalence
of myopia in school children in greater Beijing: The Beijing childhood eye study. Acta Ophthalmol. 2014,
92, e398–e406. [CrossRef] [PubMed]

7. He, M.G.; Zeng, J.W.; Liu, Y.Z.H.; Xu, J.J.; Gopal, P.P.; Leon, B.E. Refractive Error and Visual Impairment in
Urban Children in Southern China. Investig. Ophthalmol. Vis. Sci. 2004, 45, 793–799. [CrossRef]

8. McMonnies, C.W. Clinical prediction of the need for interventions for the control of myopia. Clin. Exp. Optom.
2016, 98, 518–526. [CrossRef]

9. Rudnicka, A.R.; Kapetanakis, V.V.; Wathern, A.K.; Logan, N.S.; Gilmartin, B.; Whincup, P.H.; Cook, D.G.;
Owen, C.G. Global variations and time trends in the prevalence of childhood myopia, a systematic review
and quantitative meta-analysis: Implications for aetiology and early prevention. Br. J. Ophthalmol. 2016,
100, 882–890. [CrossRef]

10. Ramamurthy, D.; Lin, C.S.Y.; Saw, S.M. A review of environmental risk factors for myopia during early life,
childhood and adolescence. Clin. Exp. Optom. 2015, 98, 497–506. [CrossRef]

11. Narayanasamy, S.; Vincent, S.J.; Sampson, G.P.; Wood, J.M. Visual demands in modern Australian primary
school classrooms. Clin. Exp. Optom. 2016, 99, 233–240. [CrossRef] [PubMed]

12. Feng, Q.; Luo, J.Y.; Zeng, R.; Xiong, L.Z.; Luo, M.Y.; Wang, Z.H. Relation between environmental factors and
myopia among the primary and middle school students. Chin. J. Sch. Health 2014, 8, 1127–1130.

13. Yang, Y.J.; Chang, L.T.; Hui, L. Epidemic status and influencing factors for the poor vision of the students in
Yunnan. Chin. J. Sch. Health 2015, 36, 1855–1858.

14. Qian, D.J.; Zhong, H.; Li, J.; Niu, Z.; Yuan, Y.; Pan, C.W. Myopia among school students in rural China
(Yunnan). Ophthalmic Physiol. Opt. 2016, 36, 381–387. [CrossRef] [PubMed]

15. Parssinen, O.; Kauppinen, M.; Viljanen, A. The progression of myopia from its onset at age 8–12 to adulthood
and the influence of heredity and external factors on myopic progression. A 23-year follow-up study.
Acta Ophthalmol. 2014, 92, 730–739. [CrossRef]

16. Rosário, P.; Núñez, J.C.; Vallejo, G.; Nunes, T.; Cunha, J.; Fuentes, S.; Valle, A. Homework purposes, homework
behaviors, and academic achievement. Examining the mediating role of students’ perceived homework
quality. Contemp. Educ. Psychol. 2018, 53, 168–180. [CrossRef]

17. Saw, S.M.; Cheng, A.; Fong, A.; Gazzard, G.; Tan, D.T.; Morgan, I. School grades and myopia.
Ophthalmic Physiol. Opt. 2007, 27, 126–129. [CrossRef]

18. Saw, S.M.; Tan, S.B.; Fung, D.; Chia, K.S.; Koh, D.; Tan, D.T.H.; Stone, R.A. IQ and the association with
myopia in children. Investig. Ophthalmol. Vis. Sci. 2004, 45, 2943–2948. [CrossRef]

19. Cueto, S.; Escobal, J.; León, J.; Penny, M.E. Does visual acuity have an effect on children’s educational
achievement? Evidence from Peru. Young Lives 2017, 172, 4–21.

20. Uysal, S.A.; Aki, E. Relationship between writing skills and visual-motor control in low-vision students.
Percept. Mot. Skills 2012, 115, 111–119. [CrossRef]

21. Jan, C.; Li, S.M.; Kang, M.T.; Liu, L.; Li, H.; Jin, L.; Wang, N. Association of visual acuity with educational
outcomes: A prospective cohort study. Br. J. Ophthalmol. 2019, 103, 1666–1671. [CrossRef] [PubMed]

22. Resnikoff, S.; Donatella, P.; Silvio, P.M.; Gopal, P.P. Global Magnitude of Visual Impairment Caused by
Uncorrected Refractive Errors in 2004. Bull. World Health Organ. 2008, 86, 63–70. [CrossRef] [PubMed]

23. Pascolini, D.; Mariotti, S.P. Global Estimates of Visual Impairment: 2010. Br. J. Ophthalmol. 2012, 96, 614–618.
[CrossRef] [PubMed]

24. Shelley, H.; Sumithira, N.; Stephen, J.V.; Geoff, P.S.; Joanne, M.W. Do reduced visual acuity and refractive
error affect classroom performance? Clin. Exp. Optom. 2020, 103, 278–289.

25. Mutti, D.O. Hereditary and environmental contributions to emmetropization and myopia. Optom. Vis. Sci.
2010, 87, 255–259. [CrossRef] [PubMed]

26. Ye, W.B.; Zhu, H.; Chen, R. Influence of age, gender, urban and rural environments as well as physical activity
factors on the eyesight of students. Int. Eye Sci. 2014, 14, 1373–1377.

27. Wu, L.; Ma, X.; Shi, Y.; Tao, S.; Yu, Y.; Wang, S.; Luo, L.; Xin, T.; Li, Y. China National Assessment of Education
Quality—Physical Education & Health (CNAEQ-PEH) 2015: An introduction. Res. Q. Exerc. Sport 2019,
90, 105–112.

http://dx.doi.org/10.1016/j.ophtha.2015.05.034
http://www.ncbi.nlm.nih.gov/pubmed/26278861
http://dx.doi.org/10.1111/aos.12299
http://www.ncbi.nlm.nih.gov/pubmed/25165786
http://dx.doi.org/10.1167/iovs.03-1051
http://dx.doi.org/10.1111/cxo.12212
http://dx.doi.org/10.1136/bjophthalmol-2015-307724
http://dx.doi.org/10.1111/cxo.12346
http://dx.doi.org/10.1111/cxo.12365
http://www.ncbi.nlm.nih.gov/pubmed/26889920
http://dx.doi.org/10.1111/opo.12287
http://www.ncbi.nlm.nih.gov/pubmed/26896871
http://dx.doi.org/10.1111/aos.12387
http://dx.doi.org/10.1016/j.cedpsych.2018.04.001
http://dx.doi.org/10.1111/j.1475-1313.2006.00455.x
http://dx.doi.org/10.1167/iovs.03-1296
http://dx.doi.org/10.2466/24.27.25.PMS.115.4.111-119
http://dx.doi.org/10.1136/bjophthalmol-2018-313294
http://www.ncbi.nlm.nih.gov/pubmed/30658989
http://dx.doi.org/10.2471/BLT.07.041210
http://www.ncbi.nlm.nih.gov/pubmed/18235892
http://dx.doi.org/10.1136/bjophthalmol-2011-300539
http://www.ncbi.nlm.nih.gov/pubmed/22133988
http://dx.doi.org/10.1097/OPX.0b013e3181c95a24
http://www.ncbi.nlm.nih.gov/pubmed/20019643


Int. J. Environ. Res. Public Health 2020, 17, 8561 18 of 18

28. Li, L.; Zhang, D. Implement a standardized vision screen. China Glasses Sci.-Technol. Mag. 2012, 1, 128–130.
29. Miu, T.R. The 5-grade notation of the standard logarithmic visual acuity chart. Chin. J. Optom. Ophthalmol.

Vis. Sci. 2005, 4, 217–219.
30. Chinese Students’ Physical Fitness and Health Research Group. Quanguo Xuesheng Tizhi Jiankang

Diaocha Yanjiu Gongzuo Shouce [National Survey Research Manual on Students’ Physical Fitness and Health];
Higher Education Press: Beijing, China, 1995.

31. Wang, Q.M.; Qu, J. Discussion on the scientificity and rationality of standard Logarithmic Visual Acuity
Chart. Chin. J. Sch. Health 1990, 3, 50–53.

32. Wu, M.L.; Adams, R.J.; Wilson, M. ACER ConQuest: Generalised Item Response Modelling Software Manual;
ACER Press: Melbourne, Australia, 1998.

33. Organization for Economic Co-operation and Development. PISA 2012 Technical Report; OECD Publishing:
Paris, France, 2014.

34. Ministry of Education of the People’s Republic of China. Management Standards of Compulsory
Education Schools. Available online: http://www.moe.gov.cn/srcsite/A06/s3321/201712/t20171211_321026.
html (accessed on 20 October 2020).

35. Oner, V.; Bulut, A.; Oruc, Y.; Ozgur, G. Influence of indoor and outdoor activities on progression of myopia
during puberty. Int. Ophthalmol. 2016, 36, 121–125. [CrossRef] [PubMed]

36. Ma, Y.; Qu, X.; Zhu, X.; Xu, X.; Zhu, J.; Sankaridurg, P.; Lin, S.; Lu, L.; Zhao, R.; Wang, L.; et al. Age-specific
prevalence of visual impairment and refractive error in children aged 3–10 years in Shanghai, China.
Investig. Ophthalmol. Vis. Sci. 2016, 57, 6188–6196. [CrossRef] [PubMed]

37. Li, S.M.; Liu, L.R.; Li, S.Y.; Ji, Y.Z.; Fu, J.; Wang, Y.; Li, H.; Zhu, B.D.; Yang, Z.; Li, L.; et al. Design, methodology
and baseline data of a school-based cohort study in Central China: The Anyang childhood eye study.
Ophthalmic Epidemiol. 2013, 20, 348–359. [CrossRef] [PubMed]

38. Sun, J.; Zhou, J.; Zhao, P.; Lian, J.; Zhu, H.; Zhou, Y.; Sun, Y.; Wang, Y.; Zhao, L.; Wei, Y.; et al. High prevalence
of myopia and high myopia in 5060 Chinese university students in Shanghai. Investig. Ophthalmol. Vis. Sci.
2012, 53, 7504–7509. [CrossRef] [PubMed]

39. Bourne, R.R.; Stevens, G.A.; White, R.A.; Smith, J.L.; Flaxman, S.R.; Price, H.; Jonas, J.B.; Keeffe, J.; Leasher, J.;
Naidoo, K.; et al. Causes of vision loss worldwide, 1990–2010: A systematic analysis. Lancet Glob. Health
2013, 1, e339–e349. [CrossRef]

40. Fan, H.Y.; Xu, J.Z.H.; Cai, Z.H.H.; He, J.B.; Fan, X.T. Homework and students’ achievement in math and
science: A 30-year meta-analysis, 1986–2015. Educ. Res. Rev. 2017, 20, 35–54. [CrossRef]

41. Quek, T.P.; Chua, C.G.; Chong, C.S.; Chong, J.H.; Hey, H.W.; Lee, J.; Lim, Y.F.; Saw, S.M. Prevalence of refractive
errors in teenage high school students in Singapore. Ophthalmic Physiol. Opt. 2004, 24, 47–55. [CrossRef]

42. Dusek, W.; Pierscionek, B.K.; McClelland, J.F. A survey of visual function in an Austrian population of
school-age children with reading and writing difficulties. BMC Ophthalmol. 2010, 10, 10–16. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.moe.gov.cn/srcsite/A06/s3321/201712/t20171211_321026.html
http://www.moe.gov.cn/srcsite/A06/s3321/201712/t20171211_321026.html
http://dx.doi.org/10.1007/s10792-015-0091-5
http://www.ncbi.nlm.nih.gov/pubmed/26031792
http://dx.doi.org/10.1167/iovs.16-20243
http://www.ncbi.nlm.nih.gov/pubmed/27842160
http://dx.doi.org/10.3109/09286586.2013.842596
http://www.ncbi.nlm.nih.gov/pubmed/24160405
http://dx.doi.org/10.1167/iovs.11-8343
http://www.ncbi.nlm.nih.gov/pubmed/23060137
http://dx.doi.org/10.1016/S2214-109X(13)70113-X
http://dx.doi.org/10.1016/j.edurev.2016.11.003
http://dx.doi.org/10.1046/j.1475-1313.2003.00166.x
http://dx.doi.org/10.1186/1471-2415-10-16
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source 
	Measures 
	Visual Acuity 
	Behavior 

	Mathematics Achievement 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

