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Abstract. China has the highest incidence rate of myopia, and the number of teenagers with myopia accounts 
for more than half of the total number of myopia in the world. In recent years, With the increase of youth 
night home learning time, the impact of the night lighting environment in the home learning space on eye 
health has become increasingly obvious. This paper selects 112 home learning spaces of middle school 
students to carry out the actual measurement of lighting environment parameters and the satisfaction survey 
of the lighting environment, and through comparative experiments to explore the effects of illuminance, color 
temperature and lighting methods on eyestrain and visual efficacy. This Study found that under mixed lighting 
conditions, when the color temperature is 4500k, the illuminance in the range of 500lx-750lx is beneficial to 
relieve eyestrain and improve visual efficacy; When the illuminance is 500lx, a low color temperature (3500k) 
can help relieve eyestrain, and a high color temperature (6000k) can improve visual efficacy better. In addition, 
mixed lighting is better than local lighting for relieving eyestrain and improving visual efficacy. The results 
will help improve the night lighting environment in the home learning space of middle school students. 

1 Introduction 

Approximately 2.2 billion people worldwide suffer from 
some form of visual impairment [1]. Especially in East 
Asia, myopia has become a major health problem among 
teenager [2]. China is the country with the highest 
incidence rate of myopia [3], with 600 million patients 
with myopia. In 2018, the number of teenagers with 
myopia in China accounted for 53.6% of the total number 
of myopia in the world, while the proportion of teenager 
with myopia in other countries during the same period was 
much lower than that of China [4]. The increase in the 
incidence rate of myopia is a problem that deserves 
worldwide attention. 

This study found that eye health problems are not only 
related to age and habits with the eyes, but also closely 
related to the amount of schoolwork and time with eyes. 
In addition, a very important factor that causes myopia is 
the lighting environment [5]. The lighting environment 
will not only bring the eye health threats, such as refractive 
error (myopia, hyperopia), retinal damage, etc., but also 
harms the physiological functions of the central nervous 
system of the human body, and affects the circadian 
rhythm. At the same time, the lighting environment will 
also have a certain impact on people's learning ability, 
visual efficacy, and psychological emotions [6]. 

At present, some scholars have chosen school 
buildings as subjects to study the influence of lighting 
environment parameters on students. De Giuli et al. [7] 
tested the lighting environment of 7 primary schools, 

meanwhile, conducted a survey on 614 students in these 
primary schools, and found that the illuminance and 
uniformity of illuminance will have a certain impact on 
the learning efficiency and comfort of students. The two 
research groups Zadnik [8] and Morgan [9] focused on 
primary students and classrooms, and found that the mean 
visual acuity of primary students is proportional to the 
illuminance of the desktop, and primary students are more 
sensitive to and more affected by lighting environment. 
Shimomura et al. [10] explored the effect of color 
temperature on attention during learning through 
experiments, and found that the drowsiness at low color 
temperature is more significant than that at high color 
temperature, and high color temperature is conducive to 
concentration. Through experimental comparison, Inoue 
[11] found that eyestrain is easy to occur at high color 
temperature (6700k). 

However, the subjects of the above studies are all the 
classroom lighting environment, with background lighting 
as the main lighting method. However, after investigation, 
we found that 22.29% of students had a mean learning 
time of more than 3 hours after returning home, and 64.69% 
had a mean learning time of 1 hour to 3 hours. Therefore, 
the lighting environment of the home learning space is 
also particularly important for students' eye health. Home 
learning spaces are different from classrooms, and most of 
them use mixed lighting (local lighting integrate with 
background lighting) method, and there are few related 
studies at present. 

First of all, this study selected the learning space of 112 
families to test the lighting environment parameters and 
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issue the subjective questionnaire. Secondly, the 
relationship between lighting environment parameters and 
satisfaction is studied. Finally, experiments were carried 
out on the night lighting environment of middle school 
students’ learning space to explore the effect of 
illuminance, color temperature and lighting methods on 
eyestrain and visual efficacy. The results of this studies are 
helpful to provide a reference for the design and 
improvement of night lighting environment in the learning 
space of middle school students, and to improve people's 
awareness of healthy lighting. 

2 Methods 

2.1 Investigation of home lighting environment at 
night 

2.1.1 Data measured  

In this paper, the current situation of night lighting 
environment in residential learning space of 112 middle 
school students was surveyed. In order to avoid the 
interference of natural lighting, nighttime learning time 
was selected for testing by means of data measurement. In 
the test, the background lighting was fully turned on, and 
the desk lamp was set to the user's common mode. In order 
to describe the lighting environment of the learning space, 
SFIM-400 spectral strobe illuminometer was used to test 
the illuminance, color temperature, strobe of lamps and 
color rendering index on the working surface. 

The basic situation of the survey objects is shown in 
Table.1, it is found that most of the desks are placed in the 
corner of the room, which causes the background lighting 
to have little effect on the illuminance of the working 
surface. In addition, 12.5% of the desk lamps cannot be 
adjusted on demand, resulting in a single lighting 
environment. And 7.14% of the desk lamps are placed on 
the right hand side or in the middle, causing part of the 
working surface to be shaded or over-illuminated. Beyond 
that, the lighting environment level varies greatly. Among 
the 112 sets of data tested, the lowest illuminance is 
109.38lx, and the highest illuminance is as high as 
2145.01lx. In terms of color temperature, most students 

prefer cool white light sources when studying with desk 
lamps. Only a few use warm yellow light sources, and the 
color temperature of the light source is generally high. 

Table.1 Basic situation 

Category Proportion 
Gender Male 42% 

Female 58% 
Age ≤12 2.23% 

13-18 93.68% 
≥18 4.09% 

Vision ≥5.0 16.07% 
4.9-5.0 20.53% 
4.6-4.8 26.78% 

≤4.5 36.60% 
Learning time 

at night 
<1h 12.83% 
1-2h 36.62% 
2-3h 28.07% 
>3h 22.49% 

The location 
of learning 

space 

Living room 8.04% 
Bedroom 91.96% 

Whether the 
desk lamp is 
adjusted on 

demand 

Can 87.5% 
Can't 12.5% 

Lamp 
placement 

Left hand side 92.86% 
Right hand side 2.68% 

The middle 4.46% 

2.1.2 Satisfaction survey 

This study carried out a satisfaction survey for middle 
school students in learning spaces with local lighting 
environment at night, and the subject of the survey is the 
users in the measured samples above. The survey time is 
between April 2020 and May 2020. To avoid the influence 
of natural lighting, it will be conducted after dark. 
Questionnaires were distributed during the testing process 
to facilitate one-to-one correspondence between 
subjective results and objective test data. A total of 112 
questionnaires were distributed and 112 valid 
questionnaires were returned. 

Students' satisfaction with various lighting parameters 
in the learning space is shown in Table.2.  

Table.2 Satisfaction of the lighting parameters of the student's home study space 

Category Proportion 
Illuminance Extremely 

dissatisfied 
Dissatisfied Slightly 

dissatisfied 
Just 

satisfied 
Slightly 
satisfied 

Satisfied Extremely 
satisfied 

13.46% 8.65% 16.35% 38.46% 10.58% 7.69% 4.81% 

Illumination 
uniformity 

Extremely 
dissatisfied 

Dissatisfied Slightly 
dissatisfied 

Just 
satisfied 

Slightly 
satisfied 

Satisfied Extremely 
satisfied 

1.79% 2.68% 7.14% 33.93% 23.21% 21.43% 9.82% 

Color 
temperature 

Extremely 
dissatisfied 

Dissatisfied Slightly 
dissatisfied 

Just 
satisfied 

Slightly 
satisfied 

Satisfied Extremely 
satisfied 

1.79% 5.36% 8.93% 27.68% 21.43% 19.64% 15.18% 

Overall 
assessment 

Extremely 
dissatisfied 

Dissatisfied Slightly 
dissatisfied 

Just 
satisfied 

Slightly 
satisfied 

Satisfied Extremely 
satisfied 

2.03% 1.12% 4.28% 42.01% 29.87% 16.45% 4.24% 
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Overall, 92.57% of students are satisfied with the 
current lighting environment. Among them, the 
satisfaction of illuminance uniformity is the best, followed 
by color temperature. Satisfaction with illuminance is 
relatively low. 38.55% of students are dissatisfied with 
illuminance, and 13.46% are very dissatisfied. The reason 
may be that some students mistakenly believe that higher 
illuminance is more beneficial to eye health, which 
directly leads to uncomfortable feelings caused by 
inappropriate illuminance, thereby reducing satisfaction. 

2.2 Eyestrain and visual efficacy experiment 

In order to further explore the impact of the lighting 
environment in the home learning space of middle school 
students on students’ eyestrain and visual efficacy, this 
study simulates the learning space in students’ home to 
build a laboratory (Fig.1), and conducts experiments by 
setting up different lighting environments. 

2.2.1 Experiment Overview 

A total of 100 middle school students, aged between 13 
and 18, were selected for the experiment. The ratio of male 
to female was close to 1:1, including 46 boys and 54 girls. 
The visual acuity of all subjects was above 5.0 after visual 
correction. All of them had normal color vision, healthy 
body, regular life and rest, and had no eye diseases und no 
bad behaviors, like alcohol, smoking, drinking coffee, 
drugs etc., and did not participate in other clinical 
experiments. 

The experiment is conducted in a teaching office in a 
middle school. The walls of the office are all white paint, 
and the desktop is made of wood. The reflectivity of the 
wall and desktop meets the requirements of "Architectural 
Lighting Design Standard" GB 50034-2013[12]. In the 
process of entrance test, it was found that most of the 
students' learning space was located in their own bedroom, 
and the desk was placed in a corner of the bedroom. In 
order to better simulate the students' learning space, the 
desk of the laboratory was also placed in a corner of the 
room. The desk lamp is placed on the left side of the 
working surface and the light outlet is about 500mm away 
from the working surface. This placement distance is the 
best distance [13]. 

 

Fig.1 Experimental laboratory 

Philips 32W annular lamp with a color temperature of 
4000K is used as the background lighting for the 
laboratory. The local lighting is a Panasonic LED lamp. 
The color temperature range of the desk lamp covers three 
grades: low, medium and high. The illuminance range is 
0-1500lx, and the light is evenly distributed. The 
experiment uses the SFIM-400 spectral scintillation 
illuminometer to adjust and test the illuminance of the 
working surface. 

When exploring the influence of illuminance on 
eyestrain and visual efficacy. Medium color temperature 
(4500k), which is most favorable for relieving eyestrain 
and improving visual efficacy [14], is selected for the 
experiment. The lighting method is mixed lighting. In this 
experiment, the background lighting and color 
temperature are kept unchanged, and the illuminance of 
the working face is changed by adjusting the desk lamp. 
According to "Architectural Lighting Design Standards" 
GB 50034-2013[12]: The minimum variation of 
subjective perceived illuminance is about 1.5 times, so the 
illuminance in the experiment is selected from five levels 
of 300lx, 500lx, 750lx, 1000lx and 1500lx. 

When exploring the effect of color temperature on 
eyestrain and visual efficacy. In the experiment, the 
illuminance of 500lx, which is conducive to improving 
visual efficacy [15], is selected for the experiment. The 
lighting method is mixed lighting, and the experiment is 
carried out by changing the color temperature of the desk 
lamp. At present, some scholars have researched the 
influence of lighting environment on eyestrain and visual 
efficacy by focusing on color temperature, and three 
different levels of color temperature have been selected as 
experimental variables. Therefore, in the experiment, low 
color temperature 3500k, medium color temperature 
4500k and high color temperature 6000k were also 
selected for research. 

When exploring the effects of lighting methods on 
eyestrain and visual efficacy, the experiments on the 
influence of illumination intensity on eye fatigue and 
visual efficacy under mixed lighting conditions were 
compared. In the experiment, only the lighting method 
was changed to local lighting, the color temperature 
remained unchanged, and the illuminance was set of six 
levels: 150lx, 300lx, 500lx, 750lx, 1000lx and 1500lx. A 
new set of low-illuminance experiments with an 
illuminance of 150lx was added to the experiment. The 
reason is that after the background lighting was removed, 
the desk lamp was adjusted to carry out the experiment 
with a low-illumination limit value, so that the results were 
more clearly compared. 

2.2.2 Evaluation method 

Eyestrain evaluation 
The near-point measurement method can be used to 

evaluate the subjects’ eye accommodation before and after 
the experiment, and to measure the degree of eyestrain. 
During the test, the end of the accommodation 
convergence rule was placed at the tip of the subject's nose, 
and the icon moved slowly and uniformly toward the end 
of the ruler. When the subject had blurred vision, stopped 
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moving and recorded the current reading on the ruler. The 
larger the reading, the greater the distance of the near-
point, that is, the more serious the eyestrain. The optimal 
lighting environment is determined by comparing the 
degree of eyestrain under different lighting environments. 
The calculation method of the degree of eyestrain is as 
follows: 

| |a b bd d d              (1) 

In formula (1),  represents the degree of eyestrain; 
ad represents the near point distance after learning; bd  

represents the near point distance before learning. 
Visual efficacy evaluation 
Dose-work test is a commonly used method of 

measuring visual efficacy. Changes in visual efficacy of 
subjects can be measured by completing a given amount 
of work. The questionnaire in Anfimov test was used in 
this experiment, which has 8 different letters, namely A, B, 
C, E, H, K, N, X. There are 1200 letters in the table, each 
of which appears with the same frequency, and the letter 
height in the table is 3mm. At the beginning, the subjects 
were instructed to delete a letter within a certain period of 
time. During the process of completing the questionnaire, 
the subjects should read from left to right without skipping 
lines. The letters to be deleted in the instruction for each 
questionnaire cannot be the same. The experiment 
evaluated visual efficacy by calculating the rate of change 
of the index of the subjects’ mental work capacity (IMC), 
the larger the change rate of IMC, the better the visual 
efficacy. The calculation method is as follows: 

( 2) [( ) ]r c m cn n n n             (2) 

In formula (2),  represents the index of mental work 

efficacy (IMC); rn  represents the number of letters to 
read; cn represents the number of letters correctly deleted; 
mn represents the number of letters deleted by mistake. 

a=| |b b                (3) 

In formula (3),  represents the change rate of IMC, 

a represents the value of IMC after task, b represents 

the value of IMC before task. 

2.2.3 Experimental method 

During the experiment, first of all, the purpose and 
specific methods of the experiment were explained to the 
subjects, so that the experimenters were familiar with the 
experiment process. Then, the lighting environment was 
adjusted for the three experiments on the influence of 
illuminance, color temperature and lighting method on 
eyestrain and visual efficacy, and the subjects were tested 
with the same method. The specific steps are as follows: 
Subjects should be acquainted with the questionnaire in 
Anfimov test and complete the task for at least 5 times. 
Meanwhile, they should be familiar with the 
accommodation convergence rule to ensure the follow-up 
eye accommodation test. After that, the eyes of subjects 
were dropped with eyedrops to relieve eyestrain and rested 
for three minutes, keeping their eyes relaxed. In the 
experiment, first of all, the questionnaire in Anfimov test 
and the eye accommodation test were carried out. After 
completion, the subjects worked on the working surface 

under the lighting conditions required by the experiment. 
The work materials are all junior high school homework, 
and the work time is 45 minutes. After the work is 
completed, the questionnaire in Anfimov test and the eye 
accommodation test will be carried out again. 

Further calculation of the experimental results were 
used to determine the eyestrain and the change rate of IMC, 
and to measure the effects of illuminance, color 
temperature, and lighting method on eyestrain and visual 
efficacy. 

3 Results 

3.1 Effect of illuminance on eyestrain and visual 
efficacy 

When the background lighting and color temperature 
(4500k) remain unchanged, only the illuminance of the 
local lighting is changed, and the changes in the mean 
value of the degree of eyestrain and the mean value of 
IMC under the five illuminance conditions of 300lx, 500lx, 
750lx, 1000lx and 1500lx are obtained, as shown in Fig.2.  

 

Fig.2 Effect of illuminance on eyestrain and visual efficacy 

It can be seen that the degree of eyestrain first 
decreases with the increase of illuminance. When the 
illuminance is 750lx, the degree of eyestrain reaches the 
lowest value of 29.41%. When the illuminance is greater 
than 750lx, the degree of eyestrain increases with the 
increase of illuminance. In general, when the illuminance 
is 300lx and 500lx, the degree of eyestrain is lower than 
35%, which is close to that of 750lx. However, when the 
illuminance is 1000lx, the degree of eyestrain is more than 
40%, and when the illuminance is 1500lx, the degree of 
eyestrain is the highest. 

In the IMC change rate curve, the change rates of IMC 
are all positive under the five illumination conditions, 
indicating that all the five illuminance levels could 
improve the visual efficacy of the subjects. With the 
increase of illuminance, the change rate of IMC first 
increased and then decreased. When the illuminance is 
500lx, the changing rate reaches the maximum value of 
26.28%, followed by 750lx. 

Therefore, the degree of eyestrain is lowest when the 
illuminance is 750lx, and Illuminance at 500lx is most 
beneficial for improving visual efficiency. When the 
illuminance is 500lx and 750lx, the degrees of eyestrain 
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are all lower than 35%, and the improvements of visual 
efficacy are also higher than 20%. It is believed that the 
illuminance of 500lx-750lx is beneficial to relieving 
eyestrain and improving visual efficacy. 

3.2 Effect of color temperature on eyestrain and 
visual efficacy 

When the lighting mode and illuminance (500lx) remain 
unchanged, only the color temperature is changed, and the 
changes in the mean value of the degree of eyestrain and 
the mean value of IMC under the three color temperature 
conditions of 3000k, 4500k, 6000k are obtained, as shown 
in Fig.3. 

It can be seen that the color temperature and the degree 
of eyestrain are positively correlated. As the color 
temperature increases, the degree of eyestrain also 
increases. When the color temperature is 3000k, the 
degree of eyestrain is the lowest at 21.33%. As the color 
temperature increases to 6000k, the degree of eyestrain 
also increases to 36.44%. Thus, in terms of relieving 
eyestrain, a low color temperature of 3000k is better. 

The change rates of IMC in the figure 3 are all positive, 
indicating that all three color temperatures can improve 
the visual efficacy of the subjects. At the same time, there 
is a positive correlation between color temperature and the 
change rate of IMC. The change rate of IMC increased 
with the increase of color temperature. 

Therefore, a low color temperature of 3000k is 
conducive to relieving eyestrain, while a high color 
temperature of 6000k is conducive to improving visual 
efficacy. 

3.3 Effect of lighting method on eyestrain and 
visual efficacy 

When keeping the color temperature (4500k) unchanged 
and turning off the background lighting, the changes in the 
mean value of the degree of eyestrain under six 
illuminance conditions of 150lx, 300lx, 500lx, 750lx, 
1000lx and 1500lx is obtained, as shown in Fig.4. 

It can be seen that the degree of eyestrain decreases 
first and then increases with the increase of illuminance, 
reaching the lowest value of 34.49% at 300lx, among 
which the degree of eyestrain reaches the highest at 150lx, 
which may be caused by low illuminance. In terms of the 
change rate of IMC, it is positive only when the 
illuminance is 300lx, and the other parameter values are 
negative, indicating that under local lighting, the 
illuminance is 300lx, and has a slight effect on improving 
the visual efficiency, while under other illuminance 
conditions, the visual efficiency decreases. 

By comparing the experimental data under the 
condition of background lighting, the results are shown in 
Fig.5 and 6. 

 
Fig.5 The mean value of the degree of eyestrain 

 
Fig.6 The average change rate of IMC 
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Fig.3 Effect of color temperature on eyestrain and visual 
efficacy 

 

Fig.4 Effect of lighting mode on eyestrain and visual 
efficacy 
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It can be seen that the degree of eyestrain under local 
lighting conditions are all higher than that under mixed 
lighting conditions. In terms of visual effects, mixed 
lighting is also more conducive to improving visual effects 
than local lighting. Hence, compared with local lighting, 
the mixed lighting effect is better. 

Therefore, in the process of designing the lighting 
environment of the home learning space, a mixed lighting 
method is preferred, and it is advantageous to select the 
illuminance from 500lx to 750lx. When there is only local 
lighting, the illuminance can be appropriately reduced to 
relieve eyestrain and improve visual efficiency. 

4 Conclusion 

At present, the number of teenagers with myopia in our 
country ranks first in the world, and the Myopia rate of 
teenager is increasing year by year. The eye health 
problem of students has become a serious challenge. At 
the same time, due to the increase in the amount of 
homework for middle school students, the study time at 
home becomes longer, and the lighting environment of 
home night learning space is particularly important for 
students' eye health. In this paper, 112 home learning 
Spaces were measured, users' satisfaction with lighting 
environmental parameters was investigated, and 
experiments were designed to explore the effects of 
illuminance, color temperature and lighting mode on 
eyestrain and visual efficacy. The experimental results 
show that under the condition of mixed lighting, when the 
color temperature (4500k) remains unchanged, the 
illuminance in the range of 500lx to 750lx is beneficial to 
relieving eyestrain and improving the visual efficacy; 
When the illuminance (500lx) remains unchanged, low 
color temperature (3500k) helps to relieve eyestrain, and 
high color temperature (6000k) can improve the visual 
efficacy better. In addition, the eye strain of mixed lighting 
is lower than that of local lighting, and the visual 
efficiency is much higher than that of lighting methods 
(only local lighting). The conclusions drawn from the 
study have certain reference significance for the 
reasonable improvement of the home lighting 
environment. 
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