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Abstract

With the rapid advancement of China’s "Internet plus Education" plan, "Internet
plus Education” has become a research hotspot. The outbreak of COVID-19 pan-
demic has brought great opportunities, tests and inspections for online education.
All schools earnestly implemented the relevant requirements of the Ministry of Edu-
cation and leverage the strengths of the Internet to ensure that “suspension of classes
and non-stop teaching”. Taking a middle school in the west part of China as an
example, the online survey was conducted to investigate its live broadcast teaching.
The independent sample test and one-way analysis of variance were used to statisti-
cally analyze the differences among the students’ genders, grades, home location,
type of device used and parental companionship. Finally, the implications were put
forward to provide a reference for live teaching practice.

Keywords COVID-19 pandemic - Live broadcast teaching - Teaching model -
Satisfaction

1 Introduction

With the continuous progress of Internet technology, the rapid development of
online education represented by MOOC has brought new changes, new opportu-
nities and new vitality to education. Online learning platforms have mushroomed
because of the popularity of their time-free convenience. However, studies have
shown that in this kind of recording and broadcasting teaching, the interaction
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between teachers and students is limited, and the course satisfaction is relatively low
(Moridani, 2007). In 2016, live broadcasting entered the public’s vision. Due to its
real-time, convenience, interactivity and other features favored by the capital mar-
ket, the model of live broadcast teaching has also become popular, bringing new
opportunities and challenges for online education (Cheng et al., 2020; Liu, 2017).
Live broadcast teaching can provide real-time communication between teachers and
students, instant response for students’ questions, and savings in terms of time and
cost (Salmon, 2000). Many studies have addressed on the tools and devices used
in live broadcast teaching and their effect on the learning performance (Murphy &
Laferriére, 2007; Park & Bonk, 2007; Teng et al., 2012; Richardson, 2020). Other
research has investigated the effect of learner-learner and learner-instructor interac-
tions on students’ satisfaction (Halverson et al., 2014; Kuo et al., 2014; Ng, 2007).
Martin et al. (2017) highlighted that demographics are very important for research
in the ability to discern what interventions are effective for whom (age, gender, etc.)
and under what conditions. Among demographic variables, gender and age were
investigated by most research related to live broadcast teaching (Martin et al., 2017).

At the end of 2019, the COVID-19 appeared in Wuhan, Hubei province and
quickly spread across the country (Hui et al., 2020). In order to prevent the COVID-
19 from spreading on campus, the Ministry of Education has requested that the
spring semester in 2020 be postponed and required schools to attach great impor-
tance to preparation in the work of " Suspension of classes and non-stop teaching
", and improve online education and teaching (Ministry of Education, PRC, 2020a,
2020b). The COVID-19 pandemic has brought great opportunities and great tests
to online education, especially live broadcast teaching. The country has also placed
great hopes on online education and endowed online education with a new historical
mission.

Live broadcast teaching during the COVID-19 pandemic is different from the
general synchronous online learning. The COVID-19 pandemic made traditional
classroom teaching directly switch to online teaching. Teachers and students have no
choice but to adapt passively to this teaching method. under these situations, teach-
ers may fall back on copy familiar face-to-face practices to live broadcast teaching.

There is little research focus on satisfaction, matters needing attention, coping
strategies, learners’ demographic differences (e.g. age, gender) and other aspects of
live broadcast teaching, especially lack of such large-scale, multi-disciplinary and
full-line live broadcast teaching research. This study was to investigate students’ sat-
isfaction with live broadcast teaching, analyze the demographic differences between
learners under different conditions of live broadcast teaching, find problems in live
broadcast teaching, provide reference for practice of live broadcast teaching.

2 The implementation model of live broadcast teaching
Teachers conduct live teaching for students with the help of relevant live broadcast-
ing software. Live broadcast teaching model generally consists of three parts: (a)

before class, teachers issue preview tasks, and students preview independently; (b)
in class, teachers explain the knowledge points and interact with students on difficult
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problems in real time; (c) after class, students review and consolidate knowledge
they have learned. Chen et al. (2005) built an online synchronous learning model
with five dimensions: role (teacher, student), participant (individual, group), venue
(specific, any), interaction (one-way, two-way) and delivery (playback, live).

Due to the special situation of the COVID-19 pandemic, the number of stu-
dents in live broadcast teaching is much higher. Meanwhile, schools have to ear-
nestly implement the relevant requirements of the Ministry of Education and the
higher authorities. Therefore, the schools make full use of the live teaching platform
required by the superior and specially developed in their region and fully combines
with schools’ ICT equipment. We built the live broadcast teaching model during the
COVID-19 pandemic based on these circumstances, as shown in Fig. 1.

It includes pre-class, in-class and after-class teaching activities. The core of live
broadcast teaching model is in-class live broadcast teaching and after-class question-
answering. Before class, the teacher has a discussion with the teaching and research
team. Then the teacher needs to complete the teaching plan and the design of live
broadcast teaching, informs students in advance of the course learning arrangement
together with the teachers of each class, and requires the students to conscientiously
complete the guided study plan and preview task. In the class, the teacher conducts
live broadcast teaching, and students join the class at home.

The teacher explains the course content as planned and writes on the blackboard,
which attracts students’ attention through appropriate questions, reminders and other
hidden interactive ways. During or after the explanation, the teacher will show the
corresponding exercises to the students, leave a little time for them to think and fin-
ish the exercises, and then make some comments. Finally, the teacher summarizes
the key and difficult points of the lecture, and assigns homework to students. In
class, students mainly watch the live broadcast to learn relevant knowledge points,
make notes, and cooperate with the live broadcast teacher to conduct corresponding
invisible interaction. After class, students’ acquired knowledge will be consolidated
by homework. Students finish the homework carefully within the specified time as
required. After the completion of homework, teachers should release the home-
work answers through information tools within a certain time. After that, students

before class in class after class
(guidance notice) (live teaching) (answering questions)
teachers import explain
. . invisible - .
learning task preview . . - post review
interaction assignment R s
answers feedback
summary practice
i finish self answer
students elf previ live take .
self preview learning notes homework correct questions

Fig. 1 Live broadcast teaching model
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independently correct the answers according to the answers released by teachers and
upload them to the Internet through the corresponding tools. Finally, the teacher will
focus on the explanation of difficult questions through different social software such
as QQ group, WeChat group and DingTalk group.

3 Method
3.1 Participants and procedure

The survey was conducted at a middle school in western part of China between June
1 and July 1, 2020. All participants were recruited by the teacher who in charge of
class and informed of the purpose of this study, the requirements of participation,
and how the information collected from them will be used without revealing their
personal information. The students would be approved to join the survey after they
submitted their parents’ consent paper. This sample consisted of 1336 females (47%)
and 1492 males (53%), and 879 (31%) students from grade one, 1016 (36%) students
from grade two, and 933 (33%) students from grade three.

Due to the COVID-19 pandemic, communication between researchers and stu-
dents is limited to online. The questionnaire survey method can be carried out
in online platforms, which is convenient to use and low in cost. Moreover, the data
results obtained are highly standardized, quantitative and scientific, etc., and the
questionnaire survey method is increasingly widely used (Xu & Li, 2015). The Wen-
juanxing, a popular online survey platform in China, has rich functions, easy to edit
and has perfect data output function (Zhang & Zhang, 2011).

3.2 The design of questionnaire

First, we proposed the topic of the questionnaire survey, listed several dimensions
of the topic, and described the corresponding question items. Second, three experts
from educational technology were consulted about the dimensions and question
items, and they put forward suggestions to improve them. According to these sug-
gestions, we retained the commonly agreed dimensions and items, deleted the disa-
greed parts, and sought advices from other experts on controversial issues. Third,
experts have been asked for opinions on the revised dimensions and items many
times until they are consistent about these. Finally, the dimensions of the question-
naire and each item were determined. This research questionnaire mainly includes
the basic information of students, online live broadcast teaching, completion of
homework, feedback from teacher reviews, after-school tutoring, which consist of
single-choice, multiple-choice, essay questions and five-level Likert scale questions
(Roberts et al., 2018). Finally, after expert evaluation and modification, a total of 41
questions were determined in the survey questionnaire, including 9 questions about
basic information of students, 13 questions about online live broadcast teaching, 7
questions about completion of homework, 5 questions about feedback from teacher
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reviews, and 7 questions about after-class tutoring. The questionnaire information of
live broadcast teaching is shown in Table 1.

4 Results and discussion
4.1 Reliability and validity

The one-week questionnaire is sent to the students online in the form of a link by
the head teacher who is responsible for supervising the students to complete the
questionnaire carefully. A total of 2828 questionnaires were collected. Before data
analysis, the reliability and validity of the questionnaire should be tested. Only on
the premise of ensuring the reliability and validity of the questionnaire, can data
analysis be meaningful (Zeng et al., 2017). The reliability test of the questionnaire
was completed by SPSS statistical software, as follows.

Reliability refers to the dependability, stability and consistency of the results
measured by the scale (Wang et al., 2013). The reliability test methods mainly
include Alpha coefficient method, split-half method, retest reliability method, etc.
The questionnaire reliability test uses Alpha coefficient method. According to rel-
evant literature, when Cronbach’s alpha is greater than 0.9, the questionnaire reli-
ability is the best. A score around 0.8 is very good, while a score above 0.6 is good
(Ma et al., 2015; Pan, 2019). All dimensions’ Cronbach’s alpha of this questionnaire
ranged from 0.643 to 0.866, and the overall value was 0.841, indicating good reli-
ability, as shown in Table 2.

Validity refers to content validity in this study. The questionnaire items have been
revised and improved after multiple rounds of three experts’ consultation, and the
validity of the content can be guaranteed.

4.2 Descriptive statistics
4.2.1 Course satisfaction

Course satisfaction includes three aspects: course content, teacher-student com-
munication, and teacher’s teaching enthusiasm. The content of the course refers to
the degree to which students have mastered the content of learning, and the result-
ing sense of accomplishment. Teacher-student communication is the experience of
teachers’ explanations, incentives and various interactive activities in the teaching

Table 2 Cronbach’s alpha for each dimension and the whole

Basic Informa-  Online live Completion of Feedback from whole
tion of students  broadcast teach- homework teacher reviews
ing
The number of items 1 6 3 5 15
Alpha value — 0.866 0.643 0.677 0.841
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Table 3 Live broadcasting teaching satisfaction (n=2828)

Items Very satisfied ~ Somewhat Neither Somewhat  Very dis-
satisfied satisfied nor dissatisfied  satisfied
dissatisfied
n % n % n % n % n %
Course
Content 1280 4526 895 31.65 563 1991 76 2.69 14 0.5
Communication 1448 51.2 868 30.69 456 16.12 43 1.52 13 0.46

Teachers’ enthusiasm 1414 50 791 2797 540 19.09 70 248 13 0.46
Homework

Completion 1400 495 1158 4095 208 736 30 1.06 32 1.13
Submission 724 25.6 718 2539 1229 4346 133 4.7 24 0.85
Teachers’ feedback 1325 46.85 1153 40.77 286 10.11 13 046 51 1.8
Answering questions 831 2938 1395 4933 544 19.24 23 0.81 35 1.24

process. Teaching enthusiasm means that students feel the teacher’s devotion to the
teaching work. As shown in Table 3, most students are satisfied with live broadcast
teaching. More than 50% of students are very satisfied with course communication
and teachers’ enthusiasm. Nearly 80% of students are somewhat or very satisfied
with course content. Therefore, most students are satisfied with the live broadcast
teaching in class, which is similar to the other research results (Cui, 2018).

4.2.2 Homework satisfaction

Homework satisfaction includes two aspects: homework completion and homework
submission. The completion of homework refers to the completion of the homework
on time according to the teacher’s requirements and the accuracy rate is above 80%.
Assignment submission is the convenience of using the Learning Management Sys-
tem (LMS) when students submit their assignments. As shown in Table 3, nearly
50% of students are very satisfied with the completion of the course. However, only
25.6% of students are very satisfied with course submission. This means that stu-
dents are not too satisfied with the operation of LMS. There may be two reasons for
this. First, during the COVID-19 pandemic, students use less LMS and are unfa-
miliar with its operation, making it inconvenient to use. Secondly, due to the rapid
increase in the number of users, LMS’s customer service did not provide adequate
support for students. Students encountered problems in the process of using LMS
and could not get timely answers.

4.2.3 Teacher's feedback satisfaction

Table 3 shows that 46.85% of students were very satisfied with teachers’ feedback.
Only a few students are somewhat or very dissatisfied with teacher’s feedback. Most
students always get the teacher’s feedback on their homework in time. Most students
think that the teacher’s feedback is helpful or very helpful to their study, and a few
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students think that the teacher’s feedback is not helpful at all. In the live broadcast
teaching model, students submit their homework online to teachers for review and
feedback. The online method also enables teachers to review students’ homework
without time and space constraints, at the same time they have more time and energy
to feedback students’ homework during the live broadcast teaching. Therefore, stu-
dents in the live broadcast teaching model have high satisfaction with teachers’
review and feedback.

4.2.4 Satisfaction with answering questions

As shown in Table 3, nearly 49.33% of students were only somewhat satisfied with
answering questions. This means that students are not too satisfied with answering
questions. The reason lies in two aspects: one is that teachers have rarely partici-
pated in online Q&A activities in the past and are not good at this way of communi-
cation. At the same time, they are not proficient in the operation of the Q&A system,
which makes the Q&A effect not good enough. On the other hand, teachers have
heavy teaching tasks, and answering questions requires extra leisure time, and the
response to students is not timely, which affects students’ satisfaction with answer-
ing questions.

4.3 Differences analysis
4.3.1 Gender

In order to understand the differences of learning time, course satisfaction, learn-
ing consciousness and other relevant dimensions of students of different genders in
the process of live teaching, the independent sample test was used to compare and
analyze the variables of different genders in each dimension. The analysis results
showed that there were significant differences (P <0.05) between male and female
students in the following three aspects: the duration of watching the live broadcast
in the dimension of online live broadcast teaching, the duration of completing the
homework in the dimension of offline independent completion of homework with
both quality and quantity guaranteed, and the dimension of teachers’ evaluation
and feedback. And there is no significant difference between the online live teach-
ing teachers’ course satisfaction and the offline convenience of completing and sub-
mitting homework independently (P> 0.05). The results also reveal that 95.28% of
the female students and 92.16% of the male students watched the whole broadcast
according to the class schedule. In terms of the completion of assignments on time
with both quality and quantity guaranteed, 55.69% of girls and 43.97% of boys
choose "always true". The proportion of girls who always read teachers’ feedback
carefully is still higher than that of boys. The results also show that the conscien-
tiousness of female students is higher than that of male students, which is consist-
ent with teachers’ interview in which most teachers believe that female students are
more self-disciplined and learn more carefully than male students in the process of
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live teaching. This is also similar to the research results of Chen et al. (2011) that
female middle school students have a higher degree of learning engagement than
male students, which may be the reason for the significant difference in whether
teacher feedback is helpful in the dimension of teacher review feedback.

4.3.2 Grade

In order to understand the differences in learning time, course satisfaction, learn-
ing consciousness and other relevant dimensions of students of different grades
in the process of live teaching, one-way analysis of variance was used to com-
pare and analyze the variables of different grades in each dimension. The results
showed that there were significant differences in students’ grades in the follow-
ing three aspects: the teaching satisfaction of teachers in the dimension of online
live broadcast teaching, the convenience of submitting assignments offline and
completing assignments on time with quality and quantity guaranteed and the
careful checking of teachers’ homework feedback in the dimension of teachers’
evaluation feedback (P <0.05). And there was no significant difference in other
aspects (P>0.05). Through grouping independent sample test, it was found that
there was no significant difference between Grade 1 and Grade 2 in all aspects,
with Grade 3 being the main difference between Grade 3 and other grades. At the
same time, statistics showed that the proportion of "highly satisfied" in the lower
grades was higher than that in the higher grades. The reason may be that the third
grade is currently in the review stage, with deeper learning content, greater learn-
ing intensity, more learning capacity and basic knowledge already learned, so it
sounds lack of passion in class. More complex content, form and capacity reduce
the convenience of submitting assignments and increase the time for completing
assignments. As a result, students are less likely to see teacher’ feedback due to
time constraints and familiarity with the content.

4.3.3 Home location

In order to understand the differences in learning time, course satisfaction, learn-
ing consciousness and other relevant dimensions of students from different home
locations in the process of live teaching, the independent sample test was used to
compare and analyze the variables in each dimension. The analysis results showed
that there were significant differences (P < 0.05) between students’ home location
and the following three aspects: the duration of watching live broadcast on the
online live broadcast teaching dimension; the convenience to submit and finish
homework on time and with quality and quantity guaranteed for the offline inde-
pendent completion dimension; and the careful checking of teachers’ homework
feedback on the evaluation and feedback dimension. And there was no significant
difference in other aspects (P> 0.05). According to statistics, urban students are
more serious in class than rural students, which is similar to the research results
of Luo (2012), which shows that the learning involvement of rural junior mid-
dle school students is significantly lower than that of urban junior middle school
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students. Through interviews with teachers, it is found that, on the one hand, the
hardware conditions in rural areas are worse than those in urban areas; on the
other hand, there are differences between rural and urban parents in the supervi-
sion of their children, and urban parents pay more attention to their children’s
study than rural parents.

4.3.4 Type of device used

In order to understand the differences in learning time, course satisfaction, learning
consciousness and other relevant dimensions of students of different types of device
in the process of live teaching, one-way analysis of variance was used to compare
and analyze the variables of different terminals in each dimension. The analysis
results showed that there were significant differences (P <0.05) between students’
type of device and the following three aspects: the duration of watching live broad-
cast on the online live broadcast teaching dimension; the duration of completing the
homework in the dimension of offline independent completion of homework with
both quality and quantity guaranteed; and the careful checking of teachers’ home-
work feedback on the evaluation and feedback dimension. And there was no sig-
nificant difference in other aspects (P>0.05). Through statistics, it is found that the
proportion of tablets is slightly higher than that of computers in terms of whether
teachers’ feedback can be obtained in time, and the proportion of computers is the
highest in other aspects, indicating that the use of computer terminals for live teach-
ing is better than other terminals. The reason may be that the computer screen is big-
ger than the mobile phone, and the visual effect is better when watching the teach-
er’s live teaching. Although mobile phones are not limited by space, they are easily
affected by external factors such as playing games and answering calls. In addition,
it is easier for parents to supervise the live broadcast by using a computer, and the
computer is more convenient to control by using a mouse than a mobile phone.

4.3.5 Parental companionship

In order to understand the differences in learning time, course satisfaction, learn-
ing consciousness and other relevant dimensions of parental companionship in the

Table 4 Statistics on parental companionship and students’ online live satisfaction (n=2828)

Parental com- Very satisfied Somewhat Neither satisfied Somewhat Very dis- sum
panionship satisfied nor dissatisfied  dissatisfied satisfied

n % n % n % n % n %
never 85 3991 60 28.17 54 25.35 10 469 4 1.88 213
seldom 235  36.66 233 36.35 145 2262 24 374 4 062 641
sometimes 311 41.03 265 3496 162 21.37 15 198 5 066 758
often 398  47.66 258  30.90 160 19.16 19 228 0 000 835
always 251 6588 79 20.73 42 11.02 8 2.10 1 0.26 381

@ Springer



Education and Information Technologies (2021) 26:7435-7449 7445

process of live teaching, one-way analysis of variance was used to compare and
analyze the variables of parental companionship in each dimension. The analysis
results showed that there were significant differences in all aspects of parental com-
panionship (P <0.05), and statistics showed that the more parental companionship,
the students done better. For example, course satisfaction, as shown in Table 4, the
proportion of parental accompany in different course satisfaction is shown from
left to right. The results revealed that the more parents accompany the students, the
more the students are satisfied with the course. Other research also showed that the
more parents’ participation in children’s learning, the better their children’s learn-
ing performance will be (Gao, 2016; Li, 2019). The self-control of middle school
students is not as good as that of adults, and they tend to be distracted when partici-
pating in online learning. Parents’ companionship can give students emotional sup-
port, and may help to achieve the learning tasks smoothly, thereby improving course
satisfaction.

5 Implications
5.1 Using tools to increase interaction in class

In essay questions, many students put forward the problems of lack of interaction,
and they were unable to ask questions and send text in class activities. The class is
dominated by teachers’ activities, students’ participation is not high, and students’
problems cannot be found and solved in time. Students are only simple knowl-
edge receivers in the live broadcast, which is prone to problems such as inatten-
tion, boredom and so on. Relevant studies have shown that the appropriate applica-
tion of information communication technology increases interaction, and students
will be more actively involved in learning activities (Chang & Sperling, 2014; Tian,
2018). Teachers and students cannot have explicit interaction in class, so they can be
divided into grades and disciplines to establish a listening group, which is consisted
of teacher and students for a course (eg. mathethetics), so that teacher can appropri-
ately add interactive links in class, such as adding Q&A links, teachers ask ques-
tions, students think and send the thinking results to the group, and teachers can give
targeted comments. In the process of class, any problems can be sent to the group,
and the teacher can check it at any time so as to find out the students’ learning prob-
lems and solve them in class in time. If conditions permit, group videos can also be
conducted, so that teachers can see students’ learning manner, earnest or perfunc-
tory, doubt or mastery, to help teachers control the teaching rhythm more effectively
through students’ classroom behavior.

5.2 Give time to strengthen thinking in class
The answers for essay questions also revealed teachers have such a fast pace in class

that students may not be able to keep up with the pace, organize notes, and lack time
to think. They hope teachers can slow down, especially in difficult places. Some
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students even suggested that the pace of class could be adjusted by appropriately
increasing the class time. If the teaching speed is too fast, students will not be able
to keep up with the pace, especially if the knowledge point is strongly consistent,
students will be "left behind", so that students will not have the motivation to con-
tinue to listen carefully, which will affect the quality of live teaching. Therefore, in
the process of live broadcasting teaching, teachers should take into full considera-
tion factors such as network fluency, response time, student acceptance, and think-
ing time, etc., and appropriately slow down the teaching speed and give students
appropriate time to think and take notes, so that students will not be affected by lack
of time to think and take notes in class. It is important to ensure that students have
time to think and record and achieve high-quality learning, which further enhance
students’ sense of participation and satisfaction.

5.3 Strengthen after class supervision with peers

For homework completion, the results showed that the students’ self-consciousness
is not high. Only 49.5% of the students always complete the teacher’s assignment
with good quality on time while there is 9.55% of the students rarely do that. Only
50.18% of the students are able to finish the homework without any supervision
from teachers and parents, and boys’ self-consciousness is lower than that of girls’.
These data shows that students’ self-consciousness of completing homework needs
to be improved in the process of live teaching. As an extension of classroom teach-
ing, homework is very important. It can detect students’ learning in class, timely
find out what students have not mastered, and make up for it. It is also conducive
to cultivating students’ independent learning ability and learning habits (Yu, 2019).
Supervision is the guarantee of learning quality, which is extremely important in
home-based learning. Ineffective or meaningless learning is sometimes more seri-
ous than the negative consequences caused by non-learning. In order to reinforce
the supervision, study groups can be established to cultivate students’ self-restraint,
group cultural atmosphere and collaborative efficiency, so that students can super-
vise, encourage and praise each other, which will form the learning community as
the protagonist of online teaching (Zhu et al., 2020). When setting up a group, we
may consider the self-consciousness difference between boys and girls, and establish
a study group with a combination of boys and girls to give full play of the advan-
tages of girls’ sense of self-consciousness and responsibility, and improve the effi-
ciency of small work cooperation. Of course, it is also necessary to give full play to
the role of parents’ supervision, which plays an important role in the learning pro-
cess. The result revealed that parents’ accompanying with their children’s learning
can significantly affect students’ learning engagement.

5.4 Using the platform to answer questions after class
The survey results show that only 34.62% of students can always solve problems

in time, and 26.18% can rarely solve problems in time. Moreover, 59.51% of stu-
dents hold that there are more problems in live teaching than in traditional learning.
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However, the separation of time and space between teachers and students in live
teaching model has brought certain learning difficulties for learners. Therefore, pro-
viding good counseling and help for learners is an important part of live teaching
(Zhang & Zhang, 2010). Compared with mobile terminals, students learn better
through computer terminals. Therefore, online teaching design should consider the
characteristics of computer terminals and optimize the interface of courses. Relevant
research shows that the Q&A forum is favorable for the majority of teachers and
students because of its flexibility in time and space (Sun & Jian, 2007). Therefore,
we may set up some online Q&A forum by grade and subject, such as Post bar,
DingTalk group, etc. After students ask questions, the subject teacher answers them,
so that students can check the questions and answers at any time. A teacher does
not need to answer the same question repeatedly, and more questions can also be
answered by more teachers, which increases the timeliness and convenience of stu-
dents’ problem solving.

6 Conclusions

Taking a middle school in the west part of China as an example, this study con-
ducted an online survey to investigate live broadcast teaching during the COVID-19
pandemic. The independent sample test and one-way analysis of variance were used
to statistically analyze the differences among the students’ genders, grades, home
location, type of device used and parental companionship.

Nevertheless, this study has some limitations that should be addressed in future
research. Firstly, the data in this study comes from a middle school from the west-
ern part of China, which is difficult to generalized to other schools. Future studies
can sample different schools and conduct large-scale surveys, making the conclusions
are more generalizable. Secondly, the survey population only focused on students,
lacking data from teachers, school administrators and parents, and the analysis of
teaching was not comprehensive enough. Future studies can add the above population
with wider horizon, making the research more deeply. Finally, the research method
is slightly simpler, only using questionnaires, and they are all self-reporting. Future
research can involve observations, and get more in-depth understanding about the
topic.
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